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Smelting  Equipment 

We  were  pioneers  in  the  building  of  blast  furnaces 
for  smelting  copper,  lead,  silver  and  gold  ores  and  have 
made  this  a  specialty  for  many  years.  Intimate  knowl- 
edge of  the  metallurgical  requirements  and  |a  sustained 
eflFort  to  excel  in  this  line  have  caused  our  productions 
to  stand  pre-eminent  as  the  most  advanced  examples  of 
this  class  of  equipment. 


Our  extensive  familiarity  with  the  metallurgy  of  these  metals  makes 
us  more  than  mere  manufacturers.  It  equips  us  to  advise  with  engineers 
in  the  determination  of  the  very  best  apparatus  and  method  of  installa- 
tion to  meet  the  necessities  of  any  particular  problem. 

Every  engineer  whose  interests  touch  the  production  of  copper  and 
lead  should  have  a  copy  of  our  smelter  catalogue  No.  1 2-F,  which  illus- 
trates many  furnaces  and  much  other  equipment  used  in  copper  and  lead 
smelting.    May  we  send  it  to  you? 


Colorado  Iron  Works  Co. 

Denver,  Colorado 

Main  Office  and  Works:  33rd  and  Wynkoop  Sts.        Down  Town  Office:  206  Ideal  Building 
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MANUSCRIPT  CLOSING  DATE  POR  THE  NEW  YORK 
MEETING,  1917 

The  114th  (New  York)  Meeting  of  the  Institute  will  be  held  in  the 
third  week  of  February,  1917.  The  Committee  on  Papers  and  Publica- 
tions has  set  Dec.  1,  1916,  as  the  closing  date  for  the  receipt  of  manu- 
scripts intended  for  this  meeting. 

Manuscripts  must  be  received  by  the  Secretary  on  or  before  this  date. 
If  they  are  sent  through  members  of  the  technical  committee  they  must 
be  sent  to  those  committees  enough  in  advance  of  the  time  to  be  for- 
warded and  in  the  hands  of  the  Secretary  by  the  time  specified. 

While  Dec.  1, 1916,  is  the  final  closing  date,  it  is  a  great  advantage  to 
get  papers  in  as  much  before  that  time  as  possible  as  it  enables  them  to  be 
submitted  in  proof  form  to  their  authors.  Papers  received  on  or  before 
Nov.  1, 1916,  will,  as  far  as  possible,  be  published  in  the  January  Bulletin 
or  earlier,  thus  giving  good  distribution  among  the  members  in  advance 
of  the  meeting. 

The  Institute's  records  show  that  the  discussion  of  papers  is  very 
much  better  when  they  are  distributed  somewhat  in  advance  of  the  meet- 
ing instead  of  in  the  Bulletin  which  goes  out  immediately  preceding  the 
meeting. 
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CHARLES  KIRCHHOFF— m  MEMORIAM 

Bom,  March  28,  1853  Died  July  23,  1016 

On  July  25,  1916,  the  Board  of  Directors  adopted  the  following 
minute  and  directed  that  it  be  entered  upon  the  records  of  the  Board  and 
published  in  the  Bulletin  of  the  Institute,  and  that  copies  thereof  be  sent 
to  the  family  of  Mr.  Kirchhoff : 

Charles  Kirchhoflf  was  one  of  the  oldest,  most  widely  known  and  most 
highly  esteemed  members  of  the  American  Institute  of  Mining  Engineers. 
On  his  return  in  1875  from  a  European  course  of  study,  to  begin  a  highly 
successful  professional  and  business  career,  he  joined  the  Institute,  then 
just  commencing  to  acquire  both  national  and  international  recognition. 
He  became  at  once,  and  for  more  than  40  years  continued  to  be,  its  earnest 
and  active  supporter,  serving  it  as  Manager,  Councilor  or  Director  for 
terms  aggregatmg  9  years,  as  Vice-President  for  2  years,  and  twice  as 
President  for  a  year. 

During  the  critical  period  of  the  erection  of  the  United  Engineering 
Society's  building,  and  the  transfer  of  the  Institute  to  permanent  head- 
quarters therein,  Mr.  Kirchhoff  was  its  efficient  representative  in  the 
United  Engineering  Society,  and  on  the  Building  Committee. 

In  1910,  amid  the  congratulations  of  colleagues,  employees,  and 
innumerable  friends,  Mr.  Kirchhofif  retired  from  active  business  as  Vice- 
President  and  General  Manager  of  a  great  technical  publishing  company. 
Yet  he  sacrificed  of  his  well-earned  leisure  yet  one  more  year,  to  serve  the 
Institute  as  President  through  1911. 

The  remainder  of  his  life  was  spent  in  retirement;  but,  to  those  who 
were  privileged  to  know  him  most  intimately,  his  long,  brave,  silent, 
losing  fight  against  a  progressive  and  fatal  disease  was  a  not  unworthy 
close  to  his  useful  and  distinguished  career. 

Mr.  Kirchhoflf  was  one  who  secured,  because  he  practiced,  loyalty  in 
friendship,  justice  and  kindness  in  personal  intercourse,  openness  and 
equity  in  business.  Modest,  but  not  timid;  prudent,  but  progressive; 
gentle,  but  firm;  full  of  chivalry  and  of  common  sense;  indefatigably 
industrious  and  inexhaustibly  patient,  he  won  victories  without  making 
enemies,  and  crowned  with  a  heroic  death  the  record  of  a  life  unstained. 

This  Board  extends  to  the  widow  and  relatives  of  Mr.  Kirchhoflf  its 
profound  sympathy  in  their  bereavement,  assuring  them  that  the  entire 
membership  of  the  Institute  unites  in  this  expression  of  gratitude  for  the 
life  and  labors,  and  sorrow  in  the  loss,  of  an  honored  colleague  and  dear 
friend. 
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ARIZONA  MEETING,  SEPTEMBER  18  to  25,  1916 

For  the  first  time  in  its  history  th%  Institute  wiU  hold  a  meeting  in  the 
State  of  Arizona. 

A  few  years  ago  Arizona  stood  third  in  the  copper-producing  districts 
of  the  United  States.  Since  that  time,  with  the  development  of  porphyry 
mines,  the  output  has  gone  up  with  great  rapidity  until  it  not  only  is  the 
leading  district,  but  its  output  at  the  present  time  is  at  the  rate  of  nearly 
double  the  Montana  output,  which  now  stands  second  in  the  list. 

In  connection  with  this  development,  most  interesting  departures 
have  been  made  in  methods  of  mining,  concentration  and  smelting. 
Principles  of  mining  and  metallurgy  of  the  greatest  interest  will  be  cov- 
ered by  papers  which  will  appear  in  the  Bulletin  and  be  presented  at 
Technical  Sessions,  while  ample  opportunity  will  be  afforded  for  those 
who  go  to  the  meeting  to  see  all  the  points  of  interest  to  them.  In  addi- 
tion, members  will  be  well  rewarded  by  the  marvelous  natural  features 
to  be  seen  on  the  trip,  including  the  petrified  forests,  the  cliflF  dwellings 
on  the  Apache  Trail  and  the  Grand  Canyon  of  Arizona. 

It  is  planned  to  start  the  special  train  from  New  York,  but  members 
and  guests  may  join  the  special  at  other  points  en  route  as  indicated  by 
the  following  schedule: 

ITINERARY 
Thursday,  September  14th 

Lv  New  York,  Grand  Central  Terminal 5.30  p.  m. 

Dinner  in  dining  car  a  la  carte 

New  England  Members  via  B.  &  A,  R.  R. 

Lv  Boston (Regular  train) 2 .  00  p.  m. 

Lv  Worcester (Regular  train) 3 .  12  p.  m. 

Lv  &)rmgfield (Regular  train) 4. 37  p.  m. 

Dinner  in  dining  car  a  la  carte 

Ar  Albany New  York  Central  R.  R 7.45  p.  m. 

Lv  Albany 9 .  00  p.  m. 

Lv  Schenectady 9 .  32  p.  m. 

Lv  Utica 11 .08  p.  m. 

Friday,  September  15th 

Lv  Syracuse 12.30  a.  m. 

Lv  Cfleveland 7 .  25  a.  m. 

Lv  Toledo 10.05  a.  m. 

Ar  Chicago 4 .  00  p.  m. 

Lv  Chicago,  C.  R.  I.  &  P 8.05  p.  m. 

Saturday,  September  16th 

Lv  Kansas  City,  C.  R.  I.  A  P 11.00  a.  m. 

Lv  Topeka,  C.  R.  I.  &  P 1.05  p.  m. 

Lv  Hutchinson 6 .  05  p.  m. 

Sunday,  September  17th 

Lv  Santa  Rosa,  E.  P.  &  S.  W.  R.  R 6.30  a.  m. 

Ar  El  Paso 2.40p.m. 

Lv  El  Paso,  Southern  Pacific 10.20  p.  m. 

Monday,  September  18th 

Ar  Santa  Rita 4.00  a.  m. 

Visit  mines  of  Chino  Copper  Co.  and  mill  of  Empire  Zinc  Co. 
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•  Lo  Santa  Rita,  Santa  Fe 2.00  p.  m. 

At  Hurley 2 .  45  p.  m. 

Visit  mill  of  Chino  Copper  CJo. 

Lv  Hurley,  Sante  Fe 10. 15  p.  m. 

Tuesday,  September  19tli 

At  Douglas 7.00  a.  m. 

Visit  reduction  works  of  Copper  ^een  Consolidated 

Mining  Co.,  and  of  Calumet  &  Arizona  Mining  Co. 

Technical  Session  on  "Smelting." 

Technical  Session  on  "Leaching." 
Lv  Douglas,  E.  P.  &  S.  W 11.00  p.  m. 

Wednesday,  September  20th 

At  Bisbee,  Arizona 1 . 00  a.  m. 

Visit  to  mines  of  district. 

Technical  Session,  subject  "Mining  and  Geology" 

Lv  Bisbee,  E.  P.  A  S.  W 10.00  p.  m. 

Thursday,  September  2l8t 

At  Globe 9.00  a.  m. 

Visit  to  mines  and  reduction  works  of  Old  Dominion  Copper  Co. 
Technical  Session,  subject  "Concentration  and  Flotation." 
Technical  Session,  subject  "Fine  Grinding." 

Friday,  September  22ad  (Globe) 

Visit  reduction  works  of  International  Smelting  &  Refining  Co.,  and  mills  of  The 
Inspiration  Consohdated  Copper  Co.,  and  the  Miami  Copper  Co. 

Technical  Session^  subject  "Mining  and  Smelting." 

(The  Ray  Consohdated  Copper  Co.  will  welcome  members  and  guests  who  desire 
to  visit  the  mine  at  Ray.  Special  arrangements  must  be  made  by  omitting  other 
features  on  the  program  and  with  the  understanding  that  those  who  go  to  Ray  must 
reach  Phoenix  in  time  to  take  the  train  from  there.) 

Saturday,  September  28rd  (Globe) 

Lv  Globe  by  automobile  over  Apache  Trail,  including  visit  to  Roosevelt  Dam. 

At  Phoenix  about 5.30  p.  m. 

Lv  Phoenix,  Sante  Fe 8.00  p.  m. 

THE  APACHE  TRAH, 

History  records  that  the  ancient  trail  leading  to  the  ruined  cliff  dwell- 
ings in  the  Salt  River.  Valley  was  discovered  in  1540  by  Francisco  Vasquez 
de  Coronado,  the  Spanish  explorer,  in  his  search  for  the  treasures  of  the 
''seven  cities"  of  Cibola,  the  abode  of  the  Zuni  Indians — the  *' Fathers  of 
the  Pueblos."  Later  the  trail  was  used  by  the  Apache  Indians  and  this 
wild  and  tugged  region  was  one  of  their  last  retreats — the  scene  of  des- 
perate encounters  with  our  troopers  in  the  campaign  of  1872.  Today 
the  modem  motor  car  follows  the  same  historic  and  romantic  trail  through 
scenery  of  unusual  variety  and  beauty  over  the  highway  between  Globe 
and  Phoenix,  a  distance  of  120  miles. 

The  building  of  the  great  Roosevelt  Dam,  which  required  the  con- 
struction of  the  roadway  through  the  wildest  and  most  rugged  sections 
of  the  route,  has  made  possible  this  unique  mountain  tour,  and  the  conse- 
quent transformation  of  the  Salt  River  and  Tonto  Creek  basins  into  a 
great  lake  region  has  added  a  charming  aspect  to  views  already  grandly 
impressive. 
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Cliff  Dwellings. 


RoosBVELT  Dam  and  South  Spillway. 


Digitized  by 


Google 


X  Monthly  Bulletin  No.  117,  Sbptembbb,  1916 

CLIFF  DWELLINGS 

At  a  point  four  and  one-half  miles  east  of  Roosevelt,  a  wagon  trail 
leads  up  a  small  canyon  to  a  point  where  a  foot  trail  may  be  taken  up  the 
steep  mountain  side  to  a  group  of  ancient  cliff  dwelUngs  which  are  well 
worth  visiting.  Another  and  more  extensive  group  of  ruins  can  be 
reached  two  miles  farther  by  trail. 

ROOSEVELT  DAM 

This  great  dam  has  a  maximum  height  of  280  ft.  When  the  reser- 
voir is  full  the  water  backs  up  fifteen  miles  in  the  Tonto  and  fifteen  miles 
in  Salt  River.  A  hydro-electric  plant  located  below  the  dam  furnished 
current  for  use  during  the  construction  period  and  now  provides  power 
for  irrigation  pumping  on  the  Salt  River  Project  and  for  sale  to  private 
consumers. 

The  Salt  River  Valley  is  a  land  of  perennial  summer,  of  oranges,  of 
cotton  and  of  dates.  Alfalfa  is  a  staple,  and  ostrich  farming  is  among 
the  successful  enterprises.  Irrigation  has  hastened  the  valley's  progress 
and  confirmed  its  business  stability.  Phoenix  is  its  metropoUs,  an  ener- 
getic and  attractive  city,  and  the  capital  of  the  State. 

Sunday,  September  24th 

Ar  Grand  Canyon 8 .00  a.  m. 

Lv  Grand  Canyon,  Sante  Fe 7.40  p.  m. 

GRAND  CANYON  OF  ARIZONA 

The  series  of  tremendous  chasms  which  form  the  channel  of  the  Colo- 
rado River  in  its  course  through  northern  Arizona,  reach  their  culmina- 
tion in  a  chaotic  gorge,  217  miles  long,  from  9  to  13  miles  wide,  and  more 
than  6,600  ft.  below  the  level  of  the  plateau. 

Standing  upon  the  brink  of  the  plateau  at  the  point  of  the  canyon's 
greatest  width  and  depth,  the  beholder  is  confronted  by  a  scene  whose 
majesty  and  beauty  are  indescribable.  It  is  one  of  the  few  widely  adver- 
tised spots  which  one  need  not  fear  approaching  with  anticipations  too 
exalted.     It  has  never  been  adequately  described,  and  never  will  be. 

The  poem  which  follows  this  itinerary  was  written  by  Dr.  Raymond 
in  July,  1889,  while  he  was  camping  with  a  party  of  friends  near  the 
Grand  Canyon.  The  picture  facing  the  poem,  while  it  fails  to  show  the 
succession  of  pillars  and  "temples"  that  may  be  seen  from  the  brink  of 
the  Canyon,  gives  to  some  extent  an  idea  of  the  great  height  and  majesty 
of  the  walls.  The  poem  and  the  picture  were  printed  in  the  souvenir 
menu  of  the  dinner  given  to  Dr.  Raymond  by  his  friends  in  commemora- 
tion of  his  seventieth  birthday. 

Monday,  September  25th 

Lv  Albuquerque,  Santa  Fe 7 .  00  p.  m. 

Tuesday,  September  26th 

Lv  La  Junta,  Sante  Fe 7 .  10  a.  m. 

Lv  Kansas  City,  Sante  Fe 11 .00  p.  m. 
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Wednesday,  September  87th 

ilr  Chicago 11 .  15  a.  m. 

lAf  Chicago,  New  York  Central .".   12.40  p.  m. 

Lv  Cleyeland,  New  York  Central 7.36  p.  m. 

Thursday,  September  86th 

Ar  Albany 6.27  a.  m. 

Ar  Boston 11 .  55  p.  m. 

Ar  Grand  Central  Terminal 9.40  a.  m. 

Fares  quoted  below  include  railroad  and  sleeping  car  fares  for  the 
entire  trip.  Fares  from  New  York  and  Albany  also  include  excess  fares 
applying  to  Chics^o  and  return  owing  to  extra  fast  schedule  of  train. 

For  the  exclusive  use  of  a  compartment  by  one  person,  one  and  one- 
half  raUroad  tickets  are  required  and  for  a  drawing  room,  two  tickets  are 
required. 

The  arrangements  as  announced,  also  railroad  and  sleeping  car  fares 
shown  below,  are  conditional  upon  one  hundred  fares  New  York  to  El 
Paso,  one  hundred  twenty-five  fares  El  Paso  to  Grand  Canyon  and  one 
hundred  fares  Grand  Canyon  to  New  York. 


Startins  point 


Lower 
1  Penon 


1  Pe 


Compartmexit 

2  Feraons 

(Each) 


Drawing  Room 

2  Persons 

(Each) 


Xew  York j$228.50    $217.50 


Albany I  216.60 

Schenectady 208.96 

Utica I  205.84 

S>Tacu8e '  203.84 

Rochester :  200.60 

Buffalo; '  198.40 

aeveland 188.80 


Toledo. 

Chicago 

Kansas  City . 


186.30 
176.80 
160.30 


205.60 
197.96 
194.84 
192.84 
189.60 
187.40 
177.80 
175.30 
165.80 
149.30 


$233.50 
221.60 
213.96 
210.84 
208.84 
205.60 
203.40 
193.80 
191.30 
181.80 
165.30 


$261.00 
249.10 
241.46 
238.34 
236.34 
233.10 
230.90 
221.30 
218.80 
209.30 
192.80 


applications 

Those  desirous  of  joining  the  Tour  should  promptly  communicate 
with  Mr.  W.  V.  Lifsey,  Assistant  General  Passenger  Agent,  New  York 
Central  Lines,  1216  Broadway,  New  York  City.  Reservations  will  be 
made  in  the  order  in  which  applications  are  received. 

Members  of  the  Arizona  Section  desiring  accommodations  on  the 
Special  Train  should  communicate  with  Mr.  Arthur  Notman,  Box  400, 
Bisbee,  Ariz. 
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THE  GRAND  CANON 

A  thought  of  God,  on  earth  expressed  I 

The  silence  of  His  perfect  rest; 

The  patience  of  eternal  power; 

The  ceaseless  change  from  hour  to  hour; 

Forms  in  alternate  gloom  and  flame 

That  bide  yet  evermore  the  same, 

And  do  but  wear  such  fitful  guise, 

Reflected  in  our  human  eyes, 

Which  compass  only  in  their  range 

The  things  that  change  or  seem  to  change; 

The  blended  hues  of  heavenly  birth 

Beyond  the  tenderest  tints  of  earth, 

That  fill  and  flood  her  spaces  wide 

With  surges  of  celestial  tide; 

The  beauty  of  that  awful  brink 

Where  meaner  thoughts  in  rapture  sink. 

And  souls  see  clear,  though  eyes  grow  dim. 

While  space  and  time  are  lost  in  Hijn ! 

Methinks  I  could  not  faint  or  flee 
In  any  conflict  yet  to  be. 
Whatever  pathway  must  be  trod. 
Might  I  but  keep  this  thought  of  God ! 

RossiTER  W.  Raymond. 
July,  1889. 
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DR.  HENRY  STXJRGIS  DRINKER 

When  the  suggestion  was  made  by  Major  General  Leonard  Wood 
that  the  Institute  assist  in  the  formation  of  a  National  Reserve  Corps  of 
Engineers,  Dr.  Drinker's  name  occurred  first  to  the  Board  of  Directors 
as  the  man  who  would  be  most  capable  of  carrying  out  the  proposed  plan. 
Dr.  Drinker  has  long  been  associated  with  work  in  connection  with  miU- 
tary  training  and  is  at  present  the  Chairman  of  the  Governing  Committee 
on  Military  Training  Camps  Association  which  is  having  such  important 
results  at  Plattsburg  and  other  places  in  this  coimtry. 

As  Chairman  of  the  Institute's  Committee  on  National  Reserve  Corps 
of  Engineers,  Dr.  Drinker  was  a  member  of  the  Joint  Conference  Commit- 
tee of  the  National  Engineering  Societies  on  this  subject.  He  was  an 
earnest  worker  in  the  movement  which  has  finally  resulted  in  definite 
legislation  by  Congress  whereby  a  Reserve  Corps  of  Engineers  is  author- 
ized in  the  new  Army  Bill  which  became  effective  July  1,  1916.  Notice 
of  the  results  of  the  work  was  sent  to  all  the  members  of  the  National 
Engineering  Societies  early  in  July,  and  the  War  Department  of  the 
United  States  has  recently  issued  a  circular  which  has  been  sent  to  all 
the  members  of  the  National  Engineering  Societies,  as  well  as  to  many 
other  engineers,  outlining  the  line  whereby  engineers  may  enroll  them- 
selves in  the  OflScers'  Reserve  Corps.  Dr.  Drinker  has,  therefore,  ful- 
filled the  mission  which  he  undertook  when  assuming  the  Chairmanship 
of  the  Institute's  Committee.  He  now  asks  the  permission  of  the  Board 
of  Directo.rs  to  withdraw  as  Chairman  and  has  requested  that  he  be 
replaced  in  this  position  by  Mr.  Arthur  S.  Dwight,  in  the  belief  that  the 
Chairmanship  of  the  Institute's  Committee  and  membership  on  the 
Joint  Committee  should  be  vested  in  a  man  located  in  New  York  City, 
for  the  better  carrying  out  of  the  important  work  now  before  the  Joiut 
Conmiittee.  We  are  happy  to  say  that  Dr.  Drinker  has  consented  to 
remain  a  member  of  the  Institute's  Committee,  but  the  completion  of  the 
first  phase  of  his  work,  as  Chairman,  should  not  be  allowed  to  pass  with- 
out an  expression  of  appreciation  on  behalf  of  the  Institute  for  his  services. 


NOMINATIONS  FOR  OFFICERS 

The  suggestions  of  the  members  of  the  Institute  are  very  much  desired 
by  the  Committee  on  Nominations  prior  to  deciding  upon  its  nominations 
to  fin  the  places  of  those  officers  who  retire  early  in  1917.  The  Com- 
mittee must  make  its  final  report  to  the  Board  of  Directors  early  in 
October.  The  members  are,  therefore,  asked  to  send  in  promptly  their 
suggestions  for  Directors  as  well  as  for  Vice-Presidents  and  President. 
The  Committee  hopes  to  hear  from  a  large  number  of  the  members. 

The  officers  to  be  elected  at  the  annual  meeting  in  February,  1917, 
are: 

One  officer,  known  as  Director  and  President. 

Two  officers,  known  as  Director  and  Vice-President. 

Five  officers,  known  as  Director. 

The  attention  of  members  is  called  to  Articles  V  and  VII  of  the  Ccfn- 
stitution,  and  to  By-Law  XIII,  which  reads  as  follows: 

"The  geographical  districts  to  be  considered  by  the  Committee  on  Nominations 
shall  be  as  foUows,  until  otherwise  ordered  by  the  board. 

District  No.  1.     New  England,  New  York,  and  New  Jersey,  excepting  New  York 
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CiW  and  district,  which  is  provided  for  in  the  Constitution.  (N.B. — New  York  City 
and  district  is  designated  District  0.) 

District  No.  2.    Pennsylvania. 

I^strict  No.  3.    Ohio,  Indiana,  Illinois,  Iowa,  and  Missouri: 

District  No.  4.     Minnesota,  Wisconsin,  and  Michigan. 

District  No.  5.  Montana.  North  and  South  Dakota,  Wyoming,  Nebraska, 
Kansas,  Washington,  Oregon^  Idaho,  and  Alaska. 

District  No.  6.     California  and  Nevada. 

District  No.  7.    Utah,  Colorado,  Arizona,  and  New  Mexico. 

District  No.  8.    Louisiana  and  Texas. 

District  No.  9.    Other  Southern  States  and  District  of  Columbia. 

District  No.  10.    Mexico. 

District  No.  11.    Canada." 

An  excerpt  from  Article  VII  of  the  Constitution  reads  as  follows: 

"In  making  such  selections  [namely,  the  8  Directors  to  be  elected],  the  Nominating 
Committee  sh^,  so  far  as  practicable,  distribute  the  representation  on  the  Board  geo- 
mphically,  so  that  seven  members  shall  be  residents  of  the  district  including  New 
I  one  City  and  the  territory  within  a  radius  of  fifty  miles  of  the  headquarters  of  the 
Institute,  and  one  member  a  resident  of  each  of  the  geographical  districts  enumerated 
in  the  By-Laws." 

The  officers  of  the  Institute  whose  terms  expire  are  as  follows: 

President,  L.  D.  Ricketts  (not  eligible  for  re-election). 

Past  President,  Benjamin  B.  Thayer. 

Vice-Presidents,  H.  C.  Hoover,  District  6;  Joseph  W.  Richards,  Dis- 
trict 2. 

Directors,  Reginald  W.  Brock,  District  11;  Albert  R.  Ledoux,  Dis- 
trict 0;  D.  C.  Jackling,  District  7;  Charles  W.  Merrill,  District  6;  Henry 
L.  Smyth,  District  1. 

Last  year  an  unusually  large  vote  was  cast  for  officers,  and  it  is  hoped 
that  members  will  show  a  similar  interest  and  activity  in  communicating 
to  the  Committee  their  views  regarding  the  men  best  fitted  to  fill  the 
vacancies. 

Communications  should  be  sent  to  the  Chairman  of  the  Committee 
on  Nominations,  1208  Hollingsworth  Bldg.,  Los  Angeles,  Cal. 
Sbbley  W.  Mtjdd, 

Chairman,  Committee  on  Nominations. 


PROCEEDINGS   OF   THE   MEETING   OF  THE  BOARD   OF 
DIRECTORS,  JULY  25,  1916 

A  special  meeting  of  the  Board  of  Directors  was  held  on  July  25,  1916, 
pursuant  to  notice  duly  given  according  to  the  By-Laws. 

This  special  meeting  was  for  the  purpose  of  giving  authority  for  the 
signing  of  a  contract  with  the  American  Society  of  Civil  Engineers,  as 
mentioned  in  another  place  in  this  Bulletin.  The  interest  in  the  matter 
is  indicated  by  the  attendance  of  11  members  of  the  Board,  some  of  whom 
came  from  a  long  distance. 

An  invitation  was  received  from  the  St.  Louis  Section  of  the  Institute 
and  from  members  in  and  near  St.  Louis  to  hold  the  115th  Meeting  of  the 
Institute  in  and  near  St.  Louis  in  late  September  or  early  October,  1917. 
This  invitation  was  accepted. 

Announcement  was  made  that  the  Mexican  Institute  of  Mining  and 
Metallurgy  had  been  dissolved  and  reorganized  as  the  Mexican  Section 
of  the  Institute. 
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The  sum  of  $250  was  appropriated  to  the  Nevada  Section. 

The  usual  election  of  members  took  place. 

Resolutions  were  passed  regarding  the  death  of  Charies  Kirchhoff . 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

The  American  Society  of  Civil  Engineers,  by  a  vote  of  its  membership 
of  six  to  one,  has  favored  the  acceptance  of  the  invitation  of  the  three 
present  Founder  Societies,  namely,  the  American  Society  of  Mechanical 
Engineers,  American  Institute  of  Electrical  Engineers  and  American 
Institute  of  Mining  Engineers,  to  become  a  fourth  Founder  Society 
and  share  with  the  rest  the  occupancy  of- the  Engineering  Societies' 
Building. 

Fortified  by  this  vote,  the  Board  of  Direction  of  the  American  Society 
of  Civil  Engineers  has  caused  a  contract  to  be  entered  into  between  that 
Society  and  the  present  Founder  Societies  and  the  United  Engineering 
Society. 

Work  has  already  begun  on  adding  three  stories  to  the  Engineering 
Societies'  Building  at  a  cost  not  to  exceed  $250,000.  This  cost  will  be 
borne  by  the  American  Society  of  Civil  Engineers,  thereby  making  ite 
contribution  approximately  equal  to  that  of  the  other  Founder  Societies. 


PERSONAL 


(Members  are  urged  to  send  in  for  this  column  any  notes 
of  interest  concerning  themselves  or  their  fellow-members.) 

Members  and  guests  who  called  at  Institute  headquarters  during  the 
period  July  10,  1916  to  August  1,  1916: 

W.  A.  Barnes,  San  Francisco,  Cal.  W.  J.  Mead,  Madison,  Wis. 

W.  L.  Bell,  Davenport,  Fla.  Charles  Mentzel,  San  Pedro,  N.  M. 

James  P.  Clarke,  Jr.,  Little  Rock,  Ark.  H.  H.  MiUer,  New  York,  N.  Y. 

R.  A.  Carhart,  Mitchell,  S.  D.  W.  E.  Pomeroy,  El  Paso,  Tex. 

G.  M.  Colvocoresses,  Humboldt,  Ariz.  M.  K.  Rodgers,  Los  Angeles,  Cal. 

W.  £.  Defty,  Phoenix,  Ariz.  S.  C.  Rodgers,  Guanajuato,  Mex. 
Carl  F.  Dietz,  Worcester,  Mass. 

John  M.  Baker  and  Hamilton  W.  Baker  have  resigned  as  general 
manager  and  mine  superintendent  respectively  of  the  Baker  Mines  Co., 
of  Oregon.  After  Aug.  1,  their  address  will  be  43  Emerson  St.,  Denver, 
Colo. 

Noel  Cunningham  has  opened  an  oflSce  at  200  Fifth  Avenue,  New 
York,  where  he  will  continue  his  work  as  consulting  metallurgical  engi- 
neer. 

George  E.  Parish,  of  New  York,  has  moved  his  western  office  from 
Denver,  Colo.,  to  the  Nevada  Bank  Building,  14  Montgomery  St.,  San 
Francisco,  Cal. 

Captain  J.  P.  Hodgson,  formerly  mine  superintendent  of  the  Copper 
Queen,  is  now  acting  in  a  consulting  capacity  in  the  mining  department 
of  Phelps,  Dodge  &  Co. 
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William  F.  Jahn,  formerly  mill  superintendent  for  the  New  York  and 
Honduras  Rosario  Mining  Co.  at  San  Juancito  Honduras,  has  accepted 
a  position  as,  mill  superintendent  for  the  Tough-Oakes  Gold  Mines, 
Limited  at  Kirkland  Lake,  Ontario,  Canada. 

Barnard  MacDonald  has  moved  his  office  from  Los  Angeles  to  Mills 
Bldg.,  El  Paso,  Tex. 

H.  K.  Najarian  has  accepted  a  position  with  Bradley  Bruflf  &  Lakarthe 
of  San  Francisco,  and  is  employed  on  designing  work  at  the  new  smelter 
of  the  l^lissouri  Cobalt  Co.  at  Fredericktown,  Mo. 

Fred  S.  Porter  has  accepted  a  position  with  the  Canadian  Klondike 
Mining  Co.,  Dawson,  Yukon  Territory. 

IL  W.  Schultz,  formerly  with  the  Mond  Nickel  Co.,  has  become 
associated  with  the  Minerals  Separation,  Ltd. 

Gerald  Sherman  is  now  general  superintendent  of  the  mine  depart- 
ment of  the  Copper  Queen. 

J.  Frank  Sinclair,  general  foreman  of  the  lower  divisions  of  the  Copper 
Queen,  has  been  promoted  to  the  position  of  superintendent  of  those 
divisions. 

F.  W.  Traphagen  has  resigned  as  professor  of  metallurgy  at  the  Colo- 
rado School  of  Mines  and  is  now  president  of  the  Colorado  Metal  Mining 
k  Reduction  Co. 

Felix  E.  Wormser  is  now  with  the  Snake  River  Mining  Co.,  Hunting- 
ton, Ore. 

Pope  Yeatman,  Mining  Engineer,  of  120  Broadway,  New  York,  N.  Y. 
will  resume  independent  practice  on  Sept.  1,  1916. 


POSITIONS  VACANT 

Engineer  to  take  charge  of  construction  of  smelter  and  mill.  Expe- 
rience with  blast  furnaces,  roasters,  belt-conveying  systems  and  general 
machinery,  essential.  Salary  $250  per  month  up  according  to  experience. 
Xo.  129. 

Mine  Engineer. — Man  with  experience,  ability  and  initiative  wanted 
to  tumdle  an  organization,  direct  samphng,  surve3dng,  mapping  and 
record  keeping.  Experience  in  laying  out  development  work,  haulage- 
ways,  shaft  pockets  and  ore-handling  systems,  particularly  desired. 
Xo.  130. 

Recent  technical  graduate  for  experimental  work  with  a  metal  refining 
company.  Laboratory  work  first  to  acquaint  worker  with  methods,  then 
research  work.  Good  opportunity  for  advancement.  Beginning  salary 
SlOO  a  month.    No.  132. 

Mine  superintendent.  Man  of  experience  and  energy  wanted  in 
mine  being  developed  to  produce  5,000  tons  of  iron-ore  per  day  from  open- 
cut  and  underground.  About  to  start  underground  operations.  Expect 
to  follow  methods  of  low-grade  copper  mines  of  Southwest.     No.  133. 
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Two  fellowships  for  metallurgical  research  have  been  established  by 
the  University  of  Idaho.  Each  fellowship  carries  $500  per  annum. 
No.  134. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

Member,  Cornell  M.  E.,  aged  31,  married.  Will  soon  complete  2 
years'  engagement  in  the  Russian  oil  fields.  Eight  years'  practical  ex- 
perience in  drilling  for  and  producing  oil.  Can  speak  Russian  fluently 
and  some  French  and  German.  Open  for  engagement.  Interview  after 
August  15,  in  the  United  States.     No.  299. 

Member,  technic^  graduate,  who  has  speciaUzed  in  the  treatment  of 
gold  and  silver  ores,  desires  position  as  mill  superintendent  or  foreman; 
7  years'  practical  experience.  Highest  references  as  to  character  and 
ability  to  get  results.    No.  307. 

Member,  graduate  mining  engineer.  Married.  Age,  38.  For  past 
6  years,  general  superintendent  of  large  silver  mine  in  Mexico.  Desires 
connection  with  responsible  mining  company,  preferably  in  the  United 
States.  Has  had  15  years'  experience  in  the  United  States  and  Mexico, 
including  mine  engineering,  sampling,  examinations,  milling  and  mine 
superintendence.    No.  312. 

Member,  specialist  in  the  mining  and  reduction  of  quicksilver  ores, 
open  for  engagement  Sept.  1.  19  years'  experience.  14  years  as  Super- 
intendent and  Manager.    Aged  39,  married.    No.  313. 

Metallurgist,  4  years'  experience  in  electric  furnace  operation  on 
steel,  ferro-alloys  and  smelting  of  ores,  both  practical  and  research, 
desires  position  as  metallurgist  or  superintendent.    No.  314. 

Member,  aged  44  years,  superintendent  of  coal  mines  for  13  years  and 
of  coke  ovens  for  4  years,  desires  to  locate  in  altitude  of  less  than  3,000 
ft.    No.  315. 

Member,  technical  mining  graduate.  5  years'  experience  in  coal  and 
metal  mines  and  construction  work.  Married.  Aged  27.  Employed  at 
present.    Interview  in  Salt  Lake  City  or  Denver.     No.  316. 

Member,  technical  graduate,  15  years'  experience  in  engineering  and 
mining  in  Western  States,  desires  position  as  manager  or  superintendent. 
Age,  38.     Married.     Excellent  references.  No.  317. 

Member,  American,  aged  39,  married,  desires  position  as  superin- 
tendent or  mine  superintendent.  14  years'  experience  in  opencut  and 
underground  work.  12  years'  Spanish,  Portugese,  Cuban  and  Mexican 
labor.  Fluent  Spanish.  Good  training  in  first  aid  and  safety  first. 
Specialty  of  high  explosives  and  steam-shovel  work.  Good  costs.  Go 
anywhere,  but  tropics  preferred.  References.  Interview — New  York 
or  Philadelphia.     No.  318. 
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LOCAL  SECTION  NEWS 

MONTANA  SECTION 

J.  L.  Bruce,  Chairman 

W.  C.  SiDERPiN,  Vice-Chairman 

Walter  E.  Gaby,  Secretary-Treasurtr,  834  W.  Granite  St.,  Butte,  Mont. 
N.  B.  Bbaly  W.  T.  Burns 

A  special  meeting  of  the  Directors  of  the  Montana  Section  was  held  on 
July  24, 1916,  with  W.  C.  Siderfin,  Vice-Chairman,  presiding. 

The  meeting  was  called  for  the  purpose  of  electing  a  Secretary- 
Treasurer  to  fill  the  vacancy  created  by  the  resignation  of  M.  H.  Gidel. 

Upon  proper  motions,  the  resignation  of  M.  H.  Gidel  was  accepted, 
and  Walter  E.  Gaby  was  elected  to  fill  the  office  for  the  balance  of  the 
fiscal  year. 

No  further  business  was  transacted,  and  upon  motion  the  meeting 
adjourned.  Walter  E.  Gaby,  Secretary. 


SOUTHERN  CALIFORNIA  SECTION 

C.  CoLcocK  Jones,  Chairman 

Alvin  B.  Carpenter,  Vice-Chairman 

F,  J,  H.  Merrill,  Secretary-Treasurer ,  216  Union  League  Building, 

Los  Angeles,  Cal. 

A.  B.  W.  Hodges  E.  A.  Montgomery 

R.  A.  Perez  W.  F.  Staunton 

The  Annual  Meeting  of  1916  was  held  on  June  28,  at  7 :  30  p.  m.  There 
were  present  the  Messrs.  A.  B.  Carpenter,  A.  B.  W.  Hodges,  F.  J.  H. 
Merrill,  Seeley  W.  Mudd,  R.  A.  Perez,  and  A.  J.  Underwood.  The 
Chairman,  Mr.  Mudd,  presided. 

The  Secretary  read  the  minutes  of  the  annual  meeting  of  1915,  and  of 
the  meeting  of  September  28,  1915,  as  well  as  of  the  last  meeting  of  the 
Executive  Committee  of  May  25,  1916.  On  motion  these  minutes  were 
ordered  approved  as  read. 

The  Secretary-Treasurer  then  read  his  reports  for  the  past  year,  and  it 
was  voted  that  these  reports  be  approved  and  entered  in  the  minute  book. 

A  vote  of  thanks  was  given  to  the  Chairman  and  the  Secretary-Treas- 
urer for  their  work  during  the  year  just  past. 

The  amendment  to  Article  III  of  the  By-Laws,  announced  in  the 
notice  of  the  Annual  Meeting,  was  put  to  vote  and  unanimously  carried. 

The  Secretary  read  the  minutes  of  the  meeting  of  the  Nominating 
Committee  on  May  31,  and  announced  the  result  of  the  annual  election 
as  indicated  above. 

After  discussion  of  plans  for  attending  the  Arizona  meeting,  the  meet- 
ing adjourned. 

F.  J.  H.  Merrill,  Secretary. 
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LIBRARY 

American  Institute  op  Electrical  Engineers 
American  Society  op  Mechanical  Enginbers 
American  Institute  op  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  P.M.  on  all  week-days,  except  holidays,  from  Sept.  1  to  June  30,  and 
from  9  A.M.  to  6  p.m.  during  July  and  August.  The  Library  contains 
about  55,000  volumes,  including  sets  of  technical  periodicals  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a 
portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The  Library 
is  prepared  to  furnish  references  and  copies  of  articles  on  mining  and 
metallurgical  subjects;  to  determine  the  existence  of  mining  maps,  and  to 
furnish  general  information  as  to  the  geology  and  mineral  resources  of  all 
countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent  more 
promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining  reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase  or 
personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that  mem- 
bers while  in  the  city  will  use  the  Library  freely,  and  assurance  is  given 
that  most  careful  service  will  be  rendered  to  them. 

Library  Accessions 
Partial  List  Classified  by  Subjects 

Mining  and  Metallurgy 

Coal,  Its  Economical  and  Smokeless  Combustion.  By  J.  F.  Cosgrove.  PhUa- 
delphia,  1916. 

Coke  Oven  Accidents  in  the  United  States  during  the  Calendar  Year  1915. 
Technical  Paper  151,  U.  S.  Bureau  of  MineSi  Washington,  1916. 

Mine  Sampung  and  Valuing.     By  C.  S.  Herzig.     San  Francisco,  1914. 

Technology  of  Marble  Quarrying.  Bulletin  106,  U.  S.  Bureau  of  Mines,  Wash- 
ington, 1916. 

Chemistry  and  Microscopy 

HANDBtJCH    DER  PhYSIKALISCH  ChEMISCHEN  TeCHNIK  FtjR  FORSCHER  UND  TeCHNI- 

KER.     By  Kurt  Amdt.     Stuttgart,  1915. 
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MxcRoecopiCAL  Determination  of  the  Opaque  Minerals.    By  Joseph  Murdoch. 
New  York,  J.  WUey  &  Sons,  1916.     (Gift  of  publisher.)     Price  $2.00. 
[Note. — Treats  of  the  technique  of  mineral  examination  by  treatment  with 
various  reagents  under  the  microscope.    Ingeniously  arranged  tables  are  provided. 
W.  P.C.I 

Mineralogy  and  Mineral  Resources 

Chilk.     1915.     (Gift  of  Eduardo  Carrasco.) 

LiMESTONBB  AND  Marub  OF  THE  CoASTAL  PLAiN  OF  Georqia.  A  report.  Bulletin 
21,  Georgia  Geological  Survey.    Atlanta,  1916. 

ZiJKCON,  Monazite  and  Other  Minerals  Used  in  the  Production  of  Chemical 
Compounds  Employed  in  the  Manufacture  of  Lighting  Apparatus.  Bulle- 
tin 25,  North  Carolina  Geological  and  Economic  Survey.     Raleigh,  1916. 

Power 

Balancing  of  Engines,  Steam,  Gas  and  Petrol.    By  Archibald  Sharp.     New 

York.  1907. 
Power  Transmission  by  Leather  Belting.     By  R.  T.  Kent.     New  York,  J. 

Wiley  k.  Sons,  1916.     (Gift  of  Publisher.)     Price,  $1.25  net. 
[Note.; — Belting  practice  has  changed  greatly  in  the  past  fifteen  years.     The 
literature  is  buried  in  the  transactions  of  en^eering  societies  and  in  technical  jour- 
nals.    This  book  seeks  to  gather  this  into  a  compilation  of  the  greatest  service  to  the 
user  of  belting,     W.  P.  C.J 

General 

Aircraft  in  Warfare.     By  F.  W.  Lanchester.     New  York,  1916. 

The  Authentic  History  of  the  United  States  Steel  Corporation.     By  Arundel 

Cotter.     New  York,  Moody  Magazine  &  Book  Co.,  1916.     (Gift  of  publisher.) 
I  Note. — The  author  admits  a  prejudice  in  favor  of  the  corporation.     It  is  an 
interesting  contribution  to  industrial  history.     W.  P.  C] 
Biooraphy  of  Auouste  Daubrj^e.     June  25,  I6l4-May  29,  1896.     (Gift  of  Miss  F. 

Daubrte.) 
BcBiNBSS  after  THE  War.     By  G.  E.  Roberts.     New  York,  1916.     (Gift  of  National 

City  Bank.) 
Engineer's  Year  Book,  1916.     By  H.  R.  Kempe.    London,  1916. 
The  Legacy  of  the  Exposition.     Interpretation  of  the   Intellectual   and 

Moral  Heritage  Left  to  Mankind  by  the  World  Celebration  at  San 

Francisco,  1915.    San  Francisco,  1916.     (Gift  of  Panama  Pacific  International 

Exposition  Co.) 

Company  Report 

TCMISKAMINO  AND  NORTHERN  ONTARIO  RAILWAY,  MiNING  INDUSTRY  IN  THAT  PART 

OF  Northern  Ontario  served  by.     1915.     Toronto,  1916.     (Gift  of  Temis- 
kaming  and  Northern  Ontario  Railway.) 

Trade  Catalogs 

The  Allen  Cone  Co.,  El  Paso,  Texas.     Description  of  Allen  Cone  for  classifying, 

tube  milling,  etc. 
CmcAOO  Pneumatic  Tool  Co.,  Chicago,  111.     Bulletin  E-41.     Duntley  electric  tools 

for  street  and  interurban  railways.     1916.     . 
Chicago  Steel  Tape  Co.,  Chicago,  111.     Price  list.     1916. 
Ixgbrsoll  Rand  Co.,  New  York,  N.  Y.    Form  9024.    Steam  condensing  plants. 

June,  1916. 
National  Transit  Pump  and  Machine  Co.,  Oil  City,  Pa.     Bulletin  502.    Horizontal 

oil  engines. 
WiBDBKF,  GusTAV  &  Co.,  Dayton,  O.     Catalog  No.  48.     Ideal  tube  expander  and 

catter.    1915. 
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MEMBERSHIP 

New  MEBiBERs 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  July  10,  1916,  to  July  31,  1916: 

Boyd,  Robert  Russell Supt.,  'Arizona  Commercial  Min.  Co.,  Globe,  Ariz. 

Bbadlet,  Henbt  Franklin,  Chem.,  American  Smelt.  &  Ref.  Co.,  Murray,  Utah. 

Brown,  Thomas  Elus,  Jr 55  Hill  St.,  Morristown,  N.  J 

Cart,  Webster  P.,  Expert  Operator,  General  Engineering  Co., 

Salt  Lake  City,  Utah. 

Clark,  Alonzo  Webster ^2222  Scottwood    Ave^  Toledo,  Ohio. 

Corp,  Cuppord Old  Dominion  Copper  Min.  &  Smelt.  Co.,  Globe,  Ariz. 

Crombie,  W.  Ransom,  Min.  Engr Detroit  Copper  Min.  Co.,  Morenci,  Ariz. 

Delanet^Eugene  a..  Chief  Engr.,  Berwind-White  Coal  Mining  Co^,  Windber,  Pa. 
Elbelt,  William  Henry,  Depjt.  Foreman.,  Chino  Copper  Co.,  Hurley,  N.  Mex. 
Foster,  L.  Julio,  Mgr.,  Minas  i  Fundicion  "La  Junta,"  San  Bernardo,  Chile, 

South  America. 
Gaskill,  James  Phiixips,  Genl.  Mgr.,  Ajo  Cons.  Copper  Co.,  Ajo,  Ariz., 

via  Gila,  Ariz. 
Hats,  Fred  N.,  Asst.  Steam  Engr.,  Carnegie  Steel  Co.,  Farrell  &  Sharon  Works, 

Sharon.  Pa. 

Hood,  Karl  Kedzie,  Min.  Engr American  Zinc  Co.,  Mascot,  Tenn. 

Johnson,  Ernest  C,  Prest.  &  Treas.,  Johnson  Engineering  Works, 

First  National  Bank  Bldg.,  Chicago,  111. 
Kniffin,  Llotd  Malcolm,  Aast.  Supt.,  United  States  Metals  Ref.  Co., 

East  Chicago,  Ind. 
Knowles,  Benjabqn  Walus,  Min.  Engr.,  Hedley  Gold  Mining  Co., 

Hedley,  B.  C,  Canada. 

Labbe,  Armand  Loms Chem.,  American  Smelt.  &  Ref.  Co.,  Murray,  Utah. 

Lang,  Sidney  A.,  Min.  Engr.,  Braden  Copper  Co.,  Rancagua,  Chile,  South  America. 

Lees,  John  W Genl.  Supt.,  Inland  Steel  Co.,  Indiana  Harbor,  Ind. 

Leopold,  F.  N 40  North  Dearborn  St.,  Chicago,  111. 

McAfee,  Dan  Shields,  The  Dorr  Company.  17  Battery  Pl^  New  York,  N.  Y. 
McClain,  Henry  G.,  Genl.  Supt.,  Liberty  Bell  Gold  Min.  Co.,  Telluride,  Colo. 

Marshall,  Albert  E.,  Chemical  Engr Box  75,  Sparkill,  New  York,  N.  Y. 

MiLLiGAN,  William  Edgar,  Chem.,  Braden  Copper  Co.,  Rancagua,  Chile, 

South  America. 
Moses,  Frederick  Gallaway,  Flotation  Engr.,  General  Engineering  Co.. 

159  Pierpont  St.,  Salt  lAe  City,  Utah. 

Newby,  Jerry  B.,  Oil  Geol Gypsy  Oil  Co.,  Box  B,  Tulsa,  Okla. 

Palmer,  Edgar,  Pres.,  New  Jersey  Zinc  Co.,  55  Wall  St.,  New  York,  N.  Y. 
Pattinson,  Reginald  Lancaster,  Producer  of  Natural  Gas  and  Petroleum, 

29  5th  St.,  Chatham,  Ont.,  Canada. 
Rathbun,  R.  B.,  Aast.  Research  Engr.,  American  Smelt.  &  Ref.  Co.,  Murray,  Utah. 
Rigby,  Wiluam  Arthur,  Chief  Engr.,  Witherbee,  Sherman  &  Co.,  Mineville, 

Essex  Co.,  N.  Y. 

Sargent,  Arthur  E.,  Met.  Engr '^^"y*  ^-  ^-^^• 

ScHiMERKA,  Francis  S.,  Met.  Chemist Shannon  Copper  Co.,  Clifton,  Ariz 

Stowell,  George  Elwin,  Instructor  in  Mining,  Oregon  Agricultural  College^ 

Mimng  Dept^  Corvallis,  Ore. 

Street,  Lloyd  G.,  Met.  Engr Mineral  Point  Zinc  Co.,  Depue,  111. 

Thayer,  Warren  N.,  Prof,  of  Geology,  Ohio  Mechanics  Institute,  Cincinnati,  Ohio. 
Thompson,  David  P.,  Asst.  Genl.  supt.,  Inland  Steel  Co.,  Indiana  Harbor,  Ind. 

TiTZELL,  George  Graham,  Jr 110  So.  First  St.,  Duquesne,  Pa, 

Velasco,  Loms  Ibanez,  Engr Lehigh  Coal  and  Navigation  Co.,  Lansford,  Pa. 

Ward,  Howard  Ridgely,  Min.  Engr.,  American  International  Corpn., 

120  Broadway,  New  York,  N.  Y. 
Wardell,  John  Wilfrid,  Mech.  and  Const.  Engr.,  Spassky  Copper  Mine.  Ltd.. 

Spassky  Zavod.  Karaganoy,  Akmolinsk  Dist.,  Siberia. 
Williams,  Michael  Thomas,  Genl.  Mgr.,  Eona  May  Gold  Min..  Co., 

N.  L.,  Westonia,  Western  Australia. 
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Junior  Members 

Ambler,  Harry  A.,  Student 4050  Russell  Ave.,  St.  Louis,  Mo. 

AxDERSON,  Barclay  Gladstone,  Asst.  in  Geol.  Dept.,  Burro  Mountain  Copper  Co., 

lyrone,  N.  Mex. 
BicoiELL,  Harold  Lewis,  Furnace  Operator,  Snyder  Electric  Furnace  Co^ 

324  N.  Grove  Ave.,  Oak  Park,  HI. 

DiEFENDERFER,  A.  J 34  North  Oakland  Ave.,  Sharon,  Pa. 

FiNKELDEY,  WiLUAM  H.,  Min.  Engr.,  Compania  Minera  y  de  Fomento  Watlcins, 

Fomento,  Prov.  Santa  Clara,  Cuba. 

Levy,  Milton  Mortimer 1  Vernon  Apts.,  Salt  Lake  City,  Utah. 

Miller,  Roy  Harrison,  Milling Anaconda  Copper  Min.  Co.,  Anaconda,  Mont. 

MiLTKo,   Alexander,   Asst.    Geol.,   Producers  Oil  Co.,  Box  75,   Houston,   Tex. 

Petzel,  Charles  L.,  Student. Columbia  University,  New  York,  N.  Y. 

Walter,  Alphons  R.,  Learner  of  concentrating  plant,  Bethlehem  Steel  Co., 

So.  Bethlehem,  Pa. 

WoRMSER,  Felix  E P.  O.  Box  156,  Snake  River  Mines  Co.,  Huntington,  Ore. 

Total  Membership,  July  31, 1916 5,664 

Candidates  for  Mebibership 

Application  for  Membership. — The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  that 
persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified. 
Members  of  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of  glancing 
through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Membership, 
or  the  Secretary  of  the  Institute^  of  any  persons  whom  they  think  should  not  be 
classified  in  accordance  with  the  list  given. 

Members 

The  following  persons  have  been  proposed  during  the  period  July  10, 
1916  to  July  31,  1916,  for  election  as  members  of  the  Institute.  Their 
names  are  published  for  the  information  of  Members  and  Associates,  from 
whom  the  Committee  on  Membership  earnestly  invites  confidential  com- 
munications, favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Members 

Hans  Claudius  Anchor,  So.  Porcupine,  Ont.,  Canada. 

Proposed  by  H.  P.  De  Pencier,  J.  Ralph  Scott,  C.  E.  Rodgers. 

Bom  1857,  Hasle,  Bomholm,  Denmark.  Attended  Pubhc  School  in  Denmark  up 
tiU  1871.  Studied  under  mv  Father  at  Coal  Mine  (Lignite),  Island  of  Bomholm,  till 
1874.  1875-76,  Mining  and.  railroad  construction.  Comstock,  Nev.  Learned  assay- 
ing for  the  common  metals,  1877.  1877-85,  Worked  in  different  mines  through  the 
State  of  Nevada.  1885-86,  Black  Jack,  Silver  City,  Ida.  1887-97,  De  Lamar,  Ida. 
1897-98,  Twin  Devils,  Ida.  (copper).  1898-1902,  Boise  Basin,  Ida.  (gold).  1902-05, 
Bully  Hill,  Cal.  (copper).  1906-07,  Hermoza  Copper  Co.,  N.  Mex.  1908-10, 
Traveling,  mostly  examining  prospects.  1910,  Sampled  and  outlined  orebody  Dome 
Mines,  So.  Porcupine. 

Present  position:  Charge  of  Developments,  Dome  Extension  Mines  Co.,  Ltd. 

Edward  Otto  Forster  Brown,  London^  E.  C,  England. 

Proposed  by  M.  C.  Scheble,  Edgar  Rickard,  H.  Foster  Bain. 

Bom  1881,  Cardiff,  Great  Britain.  1895-1900,  Winchester  College.  1900-05, 
Training  mainly  at  colheries.  1905,  Obtained  first  class  Mine  Managers'  Certificate. 
1905^)7,  Inspecting  collieries  and  mines,  S.  Africa,  China,  Japan,  United  States, 
Canada.  1908-12,  Cons.  Engr.,  7  Cohring  Cos.  in  Coahuila,  Mex.,  and  reporting  in 
coal  fields  in  British  Columbia  and  Pennsylvania. 

Present  position:  Managing  and  Cons.  En^.,  for  a  number  of  coal  mines  in  Kent, 
S.  Wales,  N.  Wales  and  Wolpam  Mines  in  Spain. 
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Gilbert  Haven  Cady,  Urbana,  HI. 

Proposed  by  J.  N.  Ede,  Thomas  T.  Read,  William  H.  Shearman. 

Bom  1882,  Chicago,  HI.  1906,  Northwestern  Univ.,  A.  B.  1907-08,  Graduate 
student  in  Geology,  Northwestern  Univ.  1909-10,  Graduate  student  in  Geology, 
Yale  Univ.  1911-12,  Graduate  student  in  Geology,  DlinoisUniv.  1912-13,  Gradu- 
ate student  in  Geology,  Chicago  Univ.  1907-16,  Member  of  the  staff  of  the  Illi- 
nois Geol.  Survey  with  rank  of  Geologist  since  1914.  Have  been  in  continuous 
employment  on  the  survey  since  1914.  Have  especial  charge  of  the  coal  investigations 
ana  have  prepared  two  published  reports  on  Illinois  Coal  Districts — Longwell  Dis- 
trict and  Jefferson,  Franklin  and  Williamson  Counties  District — and  have  other 
reports  in  preparation.  Have  also  presented  for  publication  manuscripts  for  two 
U.  S.  Geol.  Survey  folios  concerning  West  Frankfort-Galatia  quadrangles  and  Henne- 
pen  La  Salle  quadrangles.  1913-14,  Instructor  in  Geology,  Northwestern  Univ. 
Am  a  member  of  the  U.  S.  Geol.  Survey  with  rank  as  Asst.  Geol.. 

Present  position:  Geologist,  Illinois  Geol.  Survey. 

H.  T.  Chen,  Yunnan  Prov.,  Yunnan,  China. 

Proposed  by  Geo.  O.  Scarfe,  Robert  H.  Bedford,  A.  D.  Foote. 

Bom  1878,  Hunnan  Prov^  China.  Attended  Schools  in  China,  and  Japan. 
Berkeley  High  School.  1911,  Univ.  of  Cal.,  College  of  Mining,  B.  S.  1911,  winter, 
1912,  spring,  was  the  director  of  Industrial  Dept.  of  Hunnan  Prov.  1912,  summer, 
engaged  to  oe  Asst.  Engr.,  Yunnan  Tin  Trading  Co.  1913,  springy  was  promoted  to 
be  Engr.  in  Chief  of  Yunnan  Tin  Trading  Co.  The  works  are  entirely  modem,  con- 
taining 62  washing  tables  and  6  reverberatory  fumaces. 

Present  position:  Engr.  in  Chief,  Yunnan  Tin  Co. 

Charles  L.  Constant,  New  York,  N.  Y. 

Proposed  by  H.  W.  Hardinge,  Ronald  Clark,  R.  B.  T.  Kiliani. 
Bom  1856,  Cincinnati,  O.     1877,  Grad.  from  School  of  Mines,  Columbia,  as  Civ. 
and  Min.  Engr. 

James  Belcher  Ethermgton^  Winthrop,  Mass. 

Proposed  by  D.  A.  lo^on^  Oliver  C.  Redston,  C.  A.  Wright. 

Bom  1851,  Nova  Scotia.  1865,  Mixed  Schools  in  Nova  Scotia.  1872,  Miss 
Boynton's  Private  School,  Lynn,  Mass.  1873,  Bryant  and  Stratton  Commercial 
School,  Boston.  1874-79,  Bookkeeper  for  Oscar  F.  Howe,  Woodenware,  Boston, 
Mass.  1881-92,  Dealer,  Mfgr.  &  Exporter,  Manufactures  of  Wood,  firm  of  J.  B. 
Etherington  &  Co.,  Boston.  1892-98,  Mfgr.  of  hardwood  lumber,  Bradford,  Pa., 
firm  of  Bradford  Hardwood  Lumber  Co.  Since  1901,  have  been  active  principalbjr  in 
■magnetic  separation  of  fermginous  ores.  Knowledge  of  the  subject  gained  chiefly 
through  study  of  Encyclopedia  Brittanica  and  through  association  with  Dr.  Campbell. 
Dr.  S.  P.  Sharpies.  Boston,  and  various  others  in  the  zinc  business  in  the  Unitea 
States,  Canada  and  Belgium. 

Present  position:  Zinc  Concentrating  Co.,  Boston,  Mass. 

Julio  F.  Fernandez,  Manzanillo,  Cuba. 

Proposed  by  Louis  F.  Chibas,  E.  Chibas,  Thomas  T.  Read. 

Bom  1882,  Havana.  1906-10,  Asst.  Engr.,  Public  Works  Dept.  1910-12,  Chief 
Engr.  of  Manzanillo  Water  and  Light  Co.  I  made  the  project  of  Manzanillo  Water 
Work.  Have  been  the  Concessionary.  Studied  in  Spam,  Zaragozo  University. 
Afterward  in  Cuba  by  correspondence  with  American  School  of  Correspondence  of 
Chicago,  111.  1912-14,  I  made  the  Manzanillo  project  of  city  pavement,  20  miles  of 
concrete,  and  at  the  same  time  the  studies  of  Manzanillo  and  Wignero  R.  K.,  52  miles. 
I  am  the  Promoter  and  the  Director.  1914-16,  Promoter  and  studies  of  Manzanillo 
Electrical  Traction  Co.  In  this  moment  I  am  exploiting  two  copper  mines  in  Man- 
zanillo and  am  Promoter  of  the  Manzanillo  Mines  Copper  Co. 

Present  position :  Director  and  Promoter  of  all  foregoing  work. 

Rollins  Sanders  Foster,  Butte.  Mont. 

Proposed  by  C.  W.  Goodale,  F.  A.  Unforth,  B.  B.  Thayer. 

Bom  1885,  Montana.  1900-03,  Montana  State  School  of  Mines.  1904.  Univ.  of 
Cal.  1905-07,  Miner,  sampler  and  timekeeper,  Gagnon  Mine  for  C.  G.  Adami. 
1907-11,  Asst.  Surveyor  and  Shift  boss.  North  Butte  Min.  Co.  1911-13,  Prospector, 
Belgian  Congo,  Soci6t^  Foresti^e  et  Mini^e  du  Congo.  1914-15,  Miner  and  Shift 
boss.  Anaconda  Copper  Min.  Co.  1915-16,  Asst.  Safety  Engr.  and  Safety  Engr., 
Anaconda  Copper  Mm.  Co, 

Present  position:  Safety  Engr.,  Anaconda  Copper  Min.  Co. 
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G.  V.  Pontz,  Mimis  de  Ponupo,  La  Maya,  Oriente,  Cuba. 

Proposed  by  Charles  F.  Rand,  E.  Aguilera,  Pedro  Aguilera. 

Bom  1893,  Mason-Dixon,  Pa.  1911,  Waynesboro,  Pa.,  High  School.  1915, 
Pennsylvania  State  College,  B.  S.,  Industrial  Chemistry.  1915,  Aetna  Explosives  Co., 
Emporium,  Pa.^  Cam^e  Steel  Co.,  Duquesne,  Pa.,  Aguilera  &  Co.,  Santiago  de  Cuba. 

Present  position:  Chemist. 

Walter  Irving  Garms,  Hay  den,  Arix. 

Proposed  by  Louis  S.  Cates,  D.  D.  Moffat,  William  T.  MacDonald. 

Bom  1886,  San  Franciso,  Cal.  1900-05,  Technical  course  in  Cal.  School  of  Mech. 
ArtS;  San  Francisco.  1905-10,  Univ.  of  Cal.,  B.  S.  in  College  of  Mining.  1907. 
Minmg,  South  Eureka  Min.  ic  Mill.  Co.,  Sutter  Creek,  Cal.  1910,  Sampling  and 
Geology,  Ray  Cons.  Copper  Co..  Ray,  Ariz.  1911-16,  Milling  and  constraction, 
Ray  Cons.  Copper  Co.,  Hayden,  Aria. 

Present  position:  GenenJ  Mill  Foreman,  Ray  Cons.  Copper  Co. 

George  William  "ELusk^  Lansford^  Pa. 

Proposed  by  Edwin  Ludlow,  W.  G.  Whildin,  J.  B.  Warriner. 

Bom  1886,  Tremont,  Pa.  1909,  Lehigh  Univ.,  E.  M.  1909-12,  Min.  Engr., 
Juragua  Iron  Co.,  Santiago  de  Cuba.  1912-15,  Mgr.,  West  Virginia  Engrg.  Co., 
Fairmont,  W.  Va. 

Present  position:  1915  to  date,  Asst.  to  Dist.  Supt.,  Lehigh  Coal  and  Navigation 
Co. 

Daniel  R.  Hull,  Kenosha,  Wis. 

Proposed  by  Milo  W.  Krejci,  John  H.  Klepinger,  E.  S.  BardweU. 
Bom  1888,  Southington,  Conn.     1908-11,  Sheffield  Scientific  School,  Yale  Univ. 
1911-16,  Met.  Chemist,  Kenosha  Branch,  American  Brass  Co. 
Present  position:  American  Brass  Co. 

Arthur  D.  Knowlton,  Salt  Lake  City,  Utah. 

Proposed  by  David  Lemmon,  L.  O.  Howard.  J.  H.  Winwood. 

Bom  1881,  Tooele  Co..  Utah.  1903,  Univ.  of  Utah,  B.  8.  in  Min.  Engrg.  1903-05, 
with  State  Engineer,  Utah.  1905-07,  with  City  Engineer,  Salt  Lake  City.  1907-16, 
Min.  Engrg.,  U.  S.  Mineral  Surveyor,  Utah  and  Nevada.  1916,  Cons.  Engr.,  Boston 
Development  Co. 

Present  position:  Engr.,  Boston  Development  Co. 

Ray  P.  McGrath,  San  Francisco.  Cal. 

Proposed  by  Frederick  ]^.  Copeland,  Stillman  Batchellor,  Edward  jQssen. 

Bom  1883,  Stratford,  N.  H.  1906.  Dartmouth  College.  1906,  worked  for 
Sullivan  Machinery  Co.  Have  been  witn  this  company  since  that  time  acting  as  a 
sales  engineer,  testmg,  installing  and  selling  mining  machinery. 

Present  i>08ition:  Dist.  Mgr.,  Sullivan  Mach.  Co. 

Wm  E.  McKee,  Warren,  Ariz. 

Proposed  by  John  C.  Greenway,  Ira  B.  Joralemon,  W.  B.  Gohring. 

Bom  Teppreanor  Co.,  Ind.,  1866.  1890,  Univ.  of  111.,  B.  S.  in  Mech.  Engrg. 
1890-91,  Draughtsman,  Link  Belt  Mach.  Co.  1891-92,  A.  L.  Ide  &  Son,  Springfield, 
111.  1892-93,  Construction,  Pabst  Brewing  Co.  1894,  Engr.,  Sanger  Bros..  Dallas, 
Tex.  1895-96.  Cons.  Engr.,  E.  F.  Osbom,  Chicago.  .  1897-1905,  Master  Mechanic, 
Cleveland  Clififs  Iron  Co.,  Ishpemlng,  Mich. 

Present  position:  1905  to  date,  Supt.  Machinery,  Calumet  &  Arizona  Mining  Co. 

John  Henry  Miles,  Trinity  Center,  Cal. 

Proposed  by  Benjamin  F.  Tibby,  Harry  L.  Mead,  Frank  E.  Johnson. 

Bom  1882,  Calumet,  Mich.  Butte  Grammar  School.  Four  years,  Butte  Busi- 
ness College.  1905-07,  Supt.  construction,  Boston  Machine  Shop  Co.,  Oroville,  Cal. 
1907-11,  Master  mechanic,  Yuba  Cons.  Gold  Fields  Dredging  Co.,  Hammonton,  Cal. 
1911-13,  Supt.  of  Dredge  Folsom  Division,  Natomaa  Cons,  of  Cal.  1913-16,  Genl. 
Supt.,  Boston  and  Idaho  Gold  Dredging  Co.,  Idaho  City,  Ida. 

Present  position:  Genl.  Supt.,  Alta  Bert  Gold  Dredging  Co. 

Henmann  Wilhelm  Paul,  Yokohama,  Japan. 

Proposed  by  Walter  A.  Schmidt,  L.  D.  Ricketts,  Thomas  T.  Read. 

Bom  1878,  Weddingen,  Germany.  1904,  Engr.,  Freiberg  in  Saxony.  1905-06, 
Borhumcr  Verein  fttr  Bergben  und  Gusstahlfabrikation,  Borhum  in  Westphalia,  as 
Chemist.      1906-09,  technical  expert  for  their  Mining,  Metallurgy  and  Ore  Business, 
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Otto  Reimers  &  Co.,  Yokohama,  Japan.  1910,  Metallgesellschaft,  Frankfort  and 
Telge  and  Schroeter,  Shanghai,  China,  for  their  Mining  and  Ore  Business  in  China. 
1911-12,  Otto  Reimers  &  Co.,  Yokohama,  Jtman. 

Present  position:  Min.  and  Met.  Engr.  Representation  of  the  Metallgesellschaft 
and  the  Metallbank,  Metallurgische  geselbchaf t.  Frankfort,  for  Japan,  and  of  the  Inter- 
national Precipitation  Co.,  Los  Angeles,  Cal.,  tor  Japan. 

Francis  Stuyvesant  Peabody,  Chicago,  111. 

Proposed  by  Charles  H.  MacDowell.  Robert  W.  Hxmt,  Carl  Scholz. 
Bom  1869,  Chicago,  111.     1881,  Grad.,  Sheffield  Scientific  School,  Ph.  B.     Mining 
coal  20  years. 

Present  position:  Pres.,  Peabody  Coal  Co. 

H.  J.  D.  Penhale,  Oruro,  Bolivia,  S.  Amer. 

Proposed  by  M.  G.  F.  Sahnlein,  P.  F.  Bliek,  H.  L.  Venables. 

Bom  1893,  Ulogan,  Cornwall,  England.  Cornwall  County  Schools.  School  of 
Metaliferous  Mining,  Redmth,  Comwjdl.  1911,  Asst.  Surveyor,  South  Crofty  Mines, 
Comwall.  1912,  En^.  to  the  Devon  United  Mines,  Ltd.  1913,  Mgr.  (Mine)  Ante- 
quera  Mines,  Bolivia.  1913-14,  Surveyor,  Compania  Minera,  Nane,  Bolivia. 
1914-15,  Asst.  Mine  Mgr.  and  Surveyor,  Cia.  de  Minas  de  Cobre  de  Gratico. 

Present  position:  Engr.,  House  of  Penny  y  Duncan. 

Kiva  Pommerantz,  Santiago,  Chile,  S.  Amer. 

Proposed  by  Louis  A.  Wright,  Mark  R.  Lamb,  F.  H.  Barclay. 

Bom  1884j  Kuhurlui,  Besarabia,  Russia.  1901,  Grad.,  B.  S.,  in  Komrat,  Russia. 
190^1-05,  Minmg  Academy,  Freiberg,  Saxony,  "Diplom-Ingenieur".  1905-<)8,  Sur- 
veyor and  later  on  Superintendent  of  one  of  the  zinc  mines  belonging  to  the  ''Minen- 


Present  position:  1914  to  date,  Cons.  Engr.,  Ore  Trading  Co.,  Ltd, 


Harold  Carmichael  Robson,  Akmolinsk,  Siberia- 

Proposed  by  Walter  G.  Perkins.  C.  G.  Hall,  Herbert  C.  Woolmer. 

Bom  1890,  Penzance,  Comwall,  England.  1897-1900,  The  Abbey  School,  Pen- 
zance, Comwall,  England.  1900-05,  St.  Mary's  School,  Penzance.  1905-09, 
School  of  Mines,  Penzance,  receiving  school  diplomas.  1909-10,  Practical  work, 
Dolcoath  Mine,  Camborne,  Comwall,  England,  Min.  &  Mill.  1910-11,  Asst.  to  W. 
Roberts,  Siberian  Sjrndicate,  London  Wall,  E.  C.,  England,  who  reported  on  various 
concessions  in  the  Altai  District,  Siberia.  1911-14,  Junior  Asst.  Engr.,  Spassky 
Copper  Mine,  Ltd. 

Present  position:  1914  to  date,  Asst.  Engr.  in  Smelter,  Spassky  Copper  Mine,  Ltd. 

Leon  Fair  Russ,  Tampico,  Mexico. 

Proposed  by  C.  W.  Hamilton,  E.  DeGolyer,  Lewis  C.  Chapman. 

Bom  1886,  Coushetti,  La.  1909,  Univ.  of  Texas.  B.  A.  1909-10,  special  work 
geology  and  chemistry,  Univ.  of  Texas.  1907-10,  Geologic  field  work.  Field  Asst., 
U.  S.  Geol.  Survey.     1911,  Geol.,  Cia.  Mex.  de  Pet.  "El  Aguila."  S.  A. 

Present  position:  Geol.,  Cia.  Mex.  de  Pet.  "El  Aguila,"  S.  A. 

Jesse  D.  Smith,  Galena,  111. 

Proposed  by  Arthur  Thacher.  H.  A.  Wheeler,  J.  F.  Thompson. 

Bom  1860,  New  Madrid.  Mo.  Few  years  in  Public  Schools.  1897-1905,  Cen- 
tral Lead  Co.,  Flat  River,  Mo.  1905,  Federal  Lead  Co.,  Flat  River.  Mo.  1906,  St. 
Louis  Smelting  &  Refining  Co.,  Flat  River,  Mo.  1907-1916,  Mineral  Point  Zinc  Co., 
Mineral  Point,  Wis.  ^ 

Present  position:  Supt.,  Black  Jack  Mine. 

Thomas  B.  Sturges,  Pittsburgh,  Pa. 

Proposed  by  Richard  T.  Dana,  Clarence  B.  Sturges,  A.  H.  Camahan. 

Bom  1884,  Wilkes-Barre,  Pa.  1901,  C.  P.  Oaurse,  Wilkes-Barre,  Pa.,  High 
School.  Other  geological  and  engineering  knowledge  gained  bv  private  study  and 
field  work.  1902,  Rodman  and  inspector,  Webster  Coal  &  Coke  Co.,  Cresson,  Pa. 
1903-06,  Min.  Engr..  Cons.  &  Femwood  Collieries.  Hillside  Coal  &  Iron  Co.,  Dunmore, 
Pa.  1906-16,  GSenl.  Mgr.,  Pennsylvania  Drilling  Co.  Prospecting  coal  and 
other  mineral  land  in  United  States  &  Canada,  Cuba,  Central  America,  etc. 

Present  position:  Vice-Pres.  &  Genl.  Mgr.,  Penn.  Drilling  Co. 
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Haniyoshi  Tomita,  Akitaken,  Japan. 

Proposed  by  E.  P.  Mathewson,  H.  W.  Aldrich,  Ichiro  Kamimura. 
Bom  1887,  Eumamoto,  Japan.     1906-09,  The  5th  Higher  School,  Kiimamoto. 
1909-12,  Tokyo  Imperial  Univ. 

Present  position:  1912  to  date;  Met.  Engr.,  Osarusawa  Mine,  Mitsubishi  Co. 

Frederick  H.  Vahrenkamp,  Salt  Lake  City,  Utah. 

Proposed  by  David  Lemmon,  G.  B.  Wilson,  L.  O.  Howard. 

Bom  1870,  Concordia,  Mo.  1888,  High  School.  1892-96,  Private  studies  in 
engineering  and  geology.  1898-1904,  Business  associate  of  Prof.  Mitchell  of  Mitchell 
&  Vahrenkamp,  Los  Angeles,  Cal.  1905-06,  Prest.,  Anvil  Springs  Gold  Mining  Co. 
1906-08,  Prest.,  Bonnie  Clare  Mining  Co.,  Goldfield,  Nev.  1908-09,  E.  M.  Hum- 
boldt Exploration  Co.,  New  York,  N.  Y.  1909-12,  Genl.  Mgr.,  Coates  Motor  Car 
Co.,  New  York^  N.  Y.     1913-14,  Prest.,  Onyx  Travertine  Co.,  Salt  Lake  City,  Utah. 

Present  position:  Prest.,  Boston  Development  Co.,  Boston  Nevada  Copper  Co. 

Waiiam  Wilke,  Buffalo,  N.  Y. 

Proposed  by  C.  W.  Stimpson,  R.  F.  Barker,  W.  D.  Leonard. 

Bom  1855,  Darmstadt,  Germany.  Public  and  High  School  in  Darmstadt.  Ger- 
many. 1872-77,  Potytechnicum  Darmstadt,  M.  E.  1881-86,  Asst.  Engr.,  Midvale 
Steel  Co.,  Philadelphia,  Pa.  1886-93^  Designing  and  erecting  plant  for  the  manufac- 
ture of  mineral  acids  and  other  chemical  products,  developing  new  processes;  Chem. 
Engr.,  Harrison  Bros.  A  Co.,  Chem.  Works,  Philadelphia,  Pa.  1893-16,  Own  firm 
of  Wm.  Wilke,  Buffalo,  N.  Y.,  designing  and  erecting  chemical  works;  specialty, 
sulphuric  acid,  vitric,  hydrochloric,  acetic,  etc.  Built  plants  for  Standard  Oil  Co., 
Du  Pont  de  Nemours  Co.,  General  Chemical  Co.,  Graselli  Chemical  Co^  Penna. 
Salt.  Mfg.  Co.,  Butterworth-Judson  Co.,  Virginia-Carolina  Chemical  Co.,  The  Phos- 
phate Mining  Co.,  etc. 

Present  position:  Consulting  Engineer,  American  Smelting  &  Refining  Co. 

Associate  Members    . 

H.  H.  Allen,  Salt  Lake  City,  Utah. 

Proposed  by  J.  B.  Ambler.  George  R.  Sheldon,  C.  T.  Van  Winkle. 

Bom  1891,  Bessemer,  Mich.  1905-09,  Ishpeming  (Mich.)  High  School.  1909-11, 
Michigan  A|picultural  College.  1912-14,  Michigan  Agricultural  CoU^e.  1916, 
Sh^s  of  Sullivan  Mach.  Co..  Claremont,  N .  H.  Michigan  Agricultural  College,  B.  S. 
in  Engrg.  1915,  H.  H.  Franklin  Mfg.  Co.,  Ssrracuse,  N.  Y.  1915,  Vienna  Cons.  Mines 
k  Smelt.  Co.,  Hailey,  Ida.     1915,  Smlivan  Machinery  Co.,  Chicago,  HI. 

Present  position:  Sales  Engr.,  Sullivan  Mach.  Co. 

Waiter  J.  Riley,  East  Chicago,  Ind. 

Proposed  by  G.  P.  Hulst,  Fred  P.  Clark,  R.  Ruetschi. 

Bom  1875,  Chicago,  111.  De  La  Salle  Univ.  Pres.,  1st  State  Trust  &  Savings 
Bank;  Ist  Calumet  Trust  &  Savings  Bank.    O.  F.  Jordan  Co.,  East  Chicago,  Ind. 

Px^esent  position:  As  above. 

Ptol  Steyens,  Warren,  Aria. 

Proposed  by  James  C.  Greenway,  Ira  B.  Joralemon,  W.  B.  Gohring. 

Bom  1879.  Minneapolis,  Minn.  1898,  Central  High  School,  Minneapolis,  Minn. 
Last  eight  and  one-half  ^ears,  Private  Secy,  to  Genl.  Mgr.,  Calumet  &  Arizona  Mining 
Co.    fteviously^  in  busmess  for  self. 

Present  position:  Private  Secy,  to  Genl.  Mgr.,  Calumet  &  Arizona  Min.  Co. 

Junior  Member 

Oscar  Allen  Knighty  Cambridge,  Mass. 

Proposed  by  Albert  Sauveur,  H.  M.  Boylston,  F.  C.  Langenberg. 

Bom  1893,  Athens,  O.     1916,  Ohio  Univ.,  A.  B. 

Present  position:  Student,  Mining  School,  Harvard  Univ. 

Change  of  Status — Junior  Member  to  Member 

Fletcher  H.  Wood,  Metcalf,  Ariz. 

Bom  1888,  Mt.  Vernon,  N.  Y.  1895-1907,  Public  Schools,  Mt.  Vernon,  N.  Y. 
1907-09,  Sheffield  Scientific  School.  1912-15,  Colorado  School  of  Mines.  1909-12, 
Costilla  Estates  Dev.  Co.  1913,  summer.  Mucker,  Portland  Gold  M.  &  M.  Co. 
1914,  summer.  Mucker  and  Miner,  Portland  Gold  M.  &  M.  Co.  1915,  summer,  Tim- 
l>€r-hclper,  Portland  Gold  M.  &  M.  Co.  1915,  fall,  Engrg.  Dept.,  Arizona  Copper  Co. 
1915-16,  Engr^.  Dept.,  Ray  Cons.  Copper  Co. 

Present  position:  Dev.  Boss,  Arizona  Copper  Co. 
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Change  of  Address  of  Meb^bers 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  July  10,  1916  to  July  31,  1916. 

This  ligt  together  with  the  list  published  in  Bulletin  Nos.  110  to  115, 
February  to  August,  1916,  and  the  foregoing  list  of  new  members,  there- 
fore, supplements  the  annual  list  of  members  corrected  to  Jan.  1,  1916 
and  brings  it  up  to  the  date  of  July  31,  1916. 

Allen,  Glenn  L Met.,  Shattuck- Arizona  Copper  Co.,  Bisbee,  Ariz. 

Babb,  p.  a Ave.  Cinco  de  Mayo  No.  32,  Mexico  City,  Mexico. 

Baillie,  Frank  S Mgr.,  Baker  Mines  Co.,  Cornucopia,  Ore. 

Baker,  Hamilton  W 1043  Emerson  St.,  Denver,  Colo. 

Baker,  John  M 1043  Emerson  St.,  Denver,  Colo. 

Barker,   L.    M Hayden^   Ariz. 

Barnes,  Kennett  F 5151  Washington  Ave.,  St.  Louis,  Mo. 

Bartlett,  William  Sydney,  Managing  Director,  The  Copper  Mines  of 

Copiapo,  Ltd.,  Copiapo,  Chile,  South  America. 

Bowman,  Reginald  G Tooele,  Utah. 

Briber,  F.  E Highland  Boy  Mine,  Bingham,  Utah. 

Burg,  Kobert  S American  Smelt.  &  Ref,  Co.,  Durango,  Colo. 

Cazin,  Franz Herculaneum,  Mo. 

Charles,  L.  J 666  High  St.,  Denver,  Colo. 

Chatin,  August  H 3832  Umatilla  St.,  Denver,  Colo. 

Chedsey,  William  R 1414  Gaylord  St..  Denver,  Colo. 

Cragin,  Rodney  S Hill  City,  S.  Dak. 

Cr  AND  ALL,  S.  A.,  Draughtsman,  Bunker  Hill  and  Sullivan  Smelter,  Kdlogjg,  Ida. 

Davis,  Lloyd  J 1010  Boatmen's  Bank  Bldg.,  St.  Louis,  Mo. 

Dick-Cleland,  a.  F.,  Dick-Cleland  Harper  &  Co.,  49  Jamaica  St.,  Glasgow,  Scotland. 

DoBSON,  Christopher  G Britania  Mine,  Howe  Sound,  B.  C,  Canada. 

DowD,  James  J Box  389,  Houghton,  Mich. 

Faust,   Guy  C 19  West  Jackson  St.^  Wilkes-Barre,   Pa. 

Field,   Frederick   M Easton-Pacific   Co.,   Virginia  City,    Mont. 

FoHS,   F.  Julius,   Cons.  Oil  Geol Suite  307,  Gallais  Bldg.,  Tulsa,  Okla. 

FuLLAWAY,  Richard  Merle 817  E.  3rd  St.,  Los  Angeles,  Cal. 

GiRAULT,  E 327  Goliad  St.,  San  Antonio,  Tex. 

Graybill,  JohnH.,  Industrial  Engrg.  Dept.,  Westinghouse  Electric  and 

Manufacturing  Co.,  E.  Pittsburgh,  Pa. 

Hastings,  J.  H 820  Sheridan  St.,  Monongahela,  Pa. 

Hill,  Joseph  H Ray  Cons.  Copper  Co.,  Ray,  Ariz. 

Hlebnikoff,  Kenneth  I Groldfield,  Nev. 

HosKiN,  Arthur  J P.  O.  Box  626,  Leadville,  Colo. 

Hsu,  Shen-Chin Songlin,  Huchow,  Chekiang,  China. 

Hu,  S.  H 1004  Brush  St^  Detroit,  Mich. 

Hudson,  A.  W Copper  Queen  Cons.  Min.  (JOy^  Bisbee,  Aria. 

Hughes,  Wilson  W Monitor  Belmont  Min.  Co.,  Belmont,  Nev. 

Johnson,   C.   B Federal  Lead  Co.,   Federal,   Dl. 

Johnson,  J.  Harlan,  So.  Dakota  National  Guard,  Hospital  Corps, 

Camp  Hagman.  So.  Dak. 

Jones,   Clemens  Ap-C Hold  publications. 

JoPLiNG,  R.  F Hold  publications. 

Kemp,  James  T 51  Hyatt  St.,  New  Brighton,  N.  Y. 

Kern  AN,  Thomas  H.,  School  of  Mines,  Experiment  Station,  Univ.  of  Minn.. 

Minneapolis,  Minn. 

King,  Paul  S 807  West  Ninth  St.,  Wihnington.  Del. 

Knapp,  George  F R.  R.  1,  Box  67B,  West  Wrentham,  Mass. 

Lasky,  Bernard  H U.  S.  Smelt.  Ref.  &  Min.  Co..  Tucson,  Ariz. 

Lawshe,  Verner  T 4819  Warrington  Ave.,  Philadelphia,  Pa. 

L'Engle,    E.    Fleming Frisco   Bldg.,    Joplin,    Mo. 

Lessig,  Nicolai,  Genl.  Mgr.,  Bidder  Mining  and  Trading  Co.,  Ridder  Mine, 

Tomsk  Government,  Russia. 

Lewis,  John  M.oore Chief  Engr.,  Houston  Coal  Co..  Elkhom^  W.  Va. 

Lewis,  Robert  S Box  902,  Stanford  University,  Cal. 

LiDDELL,  Parker Reno,  Nevada. 
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LiBBiG,  J.  0 161  Sherman  Ave.,  Newark,  N.  J. 

LiHME,  C.  B Lake  Forest,  111. 

Lindsay,  J.  A.  M Broken  Hill  Prop.  Co.,  Broken  Hill,  N.  S.  W.,  Australia. 

List,  E RoUa,  Mo. 

McDonald,  John  A Cananea  Cons.  Copper  Co..  Cananea,  Som.,  Mexico. 

McHardy,  R.  H General  Delivery,  Bisbee,  Ariz. 

MacDonald,   Bernard Mills  Bldg.,  *E1  Paso, .Tex. 

MacDonald,   Jesse   J Box   421,    Clarkdale,    Ariz. 

Mackbnzik,  George  S Craig  Lee,  Broughty  Ferry,  Dundee,  Scotland. 

Malcolmson,  J.  D Thompson,  Nev. 

Masters,  J.  E 434  E.  2d  Ave.,  Tucson,  Ariz. 

Means,  A.  H Copper  Mountain,  Ajo,  Ariz. 

MiLLABD,  William  J Box  75,  Houston,  Tex. 

Miller,  W.  B Sardis,  B.  C,  Canada. 

MosoNTi,  Emil,  Salvador  Deep  Well  Boring  Co.,  P.  O.  Box  158,  San  Salvador, 

Republic  El  Salvador,  Central  America. 

Neeld,  H.  C Hold  publications. 

Pattinson,  R,  L Chatham,  Ontario,  Canada. 

Pelton,  Harold  G Union  Oil  Co.,  Avila,  San  Luis  Obispo  Co.,  Cal. 

Peschel,  William  M 61a  R.  F.  D.  2,  Lewiston,  Ida. 

Philups,   William    B Austin,    Tex. 

PiGOTT,  Curtis Met.,  Midvale  Smelter,  U.  S.  Smelt.  Co.,  Midvale,  Utah. 

Rau,  H.  L Hazel  Green,  Wis. 

Ray,  Frank  A 515  Huntington  Bank  Bldg^  Columbus,  Ohio. 

Robinson,  E.  M Psi  U  House,  S.  Bethlehem,  Pa. 

Roesler,  Max,  Geol Juragua  Iron  Co.,  Box  383,  Santiago  de  Cuba,  Cuba. 

RoRK,  Frank  C Humboldt,  Ariz. 

Ruebel,    Ernst   H.,  Custodian's    House,  State    Fair    Grounds,    SpringBeld,    111. 

Ryder,   Thomas  J Apartado    189,    Vera   Cruz,  Ver.,    Mexico. 

Schmidt,  R.  D Corrigan  McAinney  Co.,  Cleveland^  Ohio. 

ScHWARz,  Charles  E.,  Min.  and  Met.  Engr P.  O.  Box  715,  Miami,  Okla. 

Skogmark,  John Room  1509,  35  Nassau  St.,  New  York,  N.  Y. 

SsoTH,  Elwyn  L Granby,  Mo. 

SoPBR,  Ellis  C,  Cons.  Engr Mariel,  Cuba. 

Sproat,  a.  D 73  W.  5th  St.,  Chillicothe,  Ohio. 

Steel,   Donald Douglas,    Alaska. 

Strotjp,  Thomas  A.,  Engr Arthur  Mine,  Utah  Copper  Co^  Garfield,  Utah. 

Thompson,  Warren  D Kennebec  Hotel,  Long  Beach,  Cal. 

Thropp,  J.  E.,  Jr Berkshire  Iron  Works,  Sheridan,  Lebanon  Co.,  Pa. 

ToNG,  S.  K 404  W.  115th  St.,  New  York,  N.  Y. 

TscBOi,  YosHio Tsuboi  Mining  Office,  126,  Koyasu,  Yokohama,  Japan. 

Vigeon,  E.  C,  Genl.  Mgr.,  Bede  Metal  and  Chemical  Co.,  Ltd.. 

Hebbum,  near  Newcastle-on-Tyne,  England. 

Walters,  R.  E Asst.  Mgr.,  Snow  Storm  Mines  Cons.,  Troy,  Mont. 

Watson,   Hugh   C Yak    Mine,   Leadville,    Colo. 

Watt,  Arthur  P.,  Met St.  Louis  Smelt.  &  Ref .  Co.,  St.  Francois,  Mo. 

Wells,  J.  S.  C Care  R.  de  C.  Greene,  211  Broad  St^  Elizabeth,  N .  J. 

Worth,  John  G.,  Min.  Engr 836  Real  Estate  Trust  Bldg.^  Philadelphia,  Pa. 

Wright,  Louis  A Casilla  125  D.  Santiago,  Chile,  South  America. 

Young,  Fred  W Mercer  County  Light,  Heat  &  Power  Co.,  Greenville,  Pa. 

Members'  Addresses  Wanted 

Name.  Last  Address  of  Record  from  which  Mail  has  been  Returned. 

Barnes,  Blakesleb Arrow  Engineering  Co.,  Palmyra,  Mo. 

Bell,  D.  A.  8 136  McLaren  St.,  Ottawa,   Can. 

Blow,  J.  J 172  Rodney  St.,  Brooklyn,  N.  Y. 

Booth,  E.  L 349  W.   145th  St.^   New  York,   N.   Y. 

Boys,  H.  R Aurora  Cons.  Mm.  Co.,  Aurora,  Nev. 

Cairns,  John  M Henry  S.  King  &  Co.,  65  Comhill,  London,  E.  C,  England. 

Cole,  Robert  J McKay  Apartments,   7th  &  Pike  Sts.,   Seattle,   Wash. 

Crart,  Charles  N Kimberly,  Nev. 

CrsHiNO,  Daniel.*. Sandusky  Foundry  &   Machine  Co.,  Sandusky,   Ohio. 

Dalet,  Stephen  H.,  Jr Box  943,  Niagara  Falls,  N.  Y. 
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Dkapbr,  Cabl  H Apartado  77,  Guadalajara,  Jal.,  Mexico. 

FosTEB,  Georgb  C 18  Cadogan  Blk.,  Calgary,  Alta.,  Canada. 

GoBDiCKB.    Cabl Box    535,    San    Antonio,    Tex. 

GoRDON-FiREBRACE,  W.  E 812  Salisbury  House,  London,  E.  C,  Enriand. 

GuNTHBB,    C.    Godfrey Stratford,    Conn. 

Hanlon,     John    Edward Timmins,     Ont.^     Canada. 

HoBART,  Edmttnd  Norris Clifton,  Ariz. 

Jones,  Thomas  J.,  Mine  Mgr.,  Kyshtim  Min.  Wks.,  Perm  Govt.,  via  Petrograd,  Russia. 

Kelloqq,  R.  M Wellington,  Lyon  Co.,  Nev. 

KiSHMAN,  Maurice  W 101  Masonic  Ave.,  Cripple  Creek,  Colo. 

LeNoir,    Frank    H Douglas.    Alaska. 

McGee,  John United  Greenwater  Co.,  Dale  via  Amboy,  Cal. 

Mainwarino,  H.  M.  C,  Mine  Mgr.,  Chillagoe,  Ltd.,  Chillagoe,  Queensland,  Aust. 

Miller,  Frank  Barton Blair,  Esmeralda,  Nev. 

MoHRMAN,  E.  M 1293  W.  111th  St.,  Cleveland.,  Ohio. 

MooRE,    Redick    R Zortman,    Mont. 

O'Brien,  P.  C.  K.. .' Hotel  Essex,  684  Larkin  St.,  San  Francisco,  Cal. 

Parrish,    S.    F ^ Battle    Mountain,    Nev. 

Patchbll,  F.  J 4516  No.  Lincoln  St.,  Chicago,  111. 

Paterson,    a.    W 1814    11th    Ave.,    Spokane,    Wash. 

Perry,  Robert  S Kingscourt  Apts.,  36th  &  Chestnut  Sts.,  Phila.,  Pa. 

Ralph,   E.  W Boston  Ely  Mining  Co.,   Kimberly,   Nev. 

Redfearn,  a.  M Hold  pubhcations. 

Revell,  G.  E Box  132,  Nelson,  B.  C,  Canada. 

Reynolds,  L Apartado  25,  Guanajuato,  Mexico. 

Rhodes,    W.    B Golden,    Colo. 

Rodriqxtez,  J.  C Apartado  76,  Saltillo,  Coah.,  Mexico. 

Rogers,  B.  C,  Care  Standard  Mine,  Detroit  Copper  Min.  Co.,  Box  427,  Metcalf ,  Ariz. 

Sales,  A.  J, Giroux  Cons.  Mines  Co.,  Eimberly,   Nev. 

Sandiper,   H.   C Box   15,   Bis.,    Mexico   City,    Mexico. 

Smith,    A.    H Gateway,    B.    C,    Canada. 

Sparks,  J.  T 326  Erie  St..  El  Paso,  Tex. 

Stoddart,  a.  W 638  Salisbury  House,  London,  E.  C,  England. 

Sullivan,  W.  P The  Henry  Walke  Co.,  Norfolk,  Va. 

Taylor,  A.  W Korean  Exploration  Co.,  Chiksan  Mines,  Chiksan,  Korea. 

Thomas,  Edmund Weaver  Mine,  Gibson,  N.   Mexico. 

ToD,  Grant  H Care  Coast  Mfg.  &  Supply  Co.,  Livermore,  Cal. 

Tong.  S.  K 413  W.  115th  St.,  New  York,  N.  Y. 

Van  Ness,  W.  W 622  Salisbury  House,  London,  E.  C,  England. 

Wainewright,  W.  B 61  Grace  Church  St.,  London,  E.  C,  England. 

Ward,  Harry  J 948  Market  St.,  San  Francisco,  Cal. 

Wentworth,  I.  H 245  Beldon  Ave.,  Harlandale  Addition,  San  Antonio,  Tex. 

Wraiqht,  E.  C 63  Wavertree  Road,  Streatham  Hill,  London,  S.  W.,  England. 

Yeandle,  W.  H.,  Jr.,  Care  Guilermo  Brockmann,  2a  Capuchines, 

No.  55,  Mexico  City,  Mexico. 

Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  July  10,  1916  to  July  31,  1916. 

Election.  N*'"^-  ^**^  ^/  Decease. 

1900  *Deide8heimer,  P ,  1916. 

1879  **Hinchman,  Charles  S June    3,  1916. 

1875  *Kirchhoff,  Charles July  23,  1916. 

1914  *Levy,  A.  G ,  1916. 

1891  ♦♦Louis,  David  A ,  1913. 

1907  *Pocock,  Cecil  W July  19,  1916 

1899  *Louis  Rosenfeld July  20,  1916. 

♦Member.  ♦♦Life  member. 
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EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 
Nm9  York      « 

MMto  fink  W«diMid«j  altor  fink  TuMcUy  of  oaoh  month. 
DAVID  H.  BROWNE,  CAmHrm.  PERCY  E.  BARBOUR.  ViM-Ckminuin. 

▲.  D.  BEERS,  Ounlmn,  66  WaU  St.,  New  York,  N.  Y. 
C  ▲.  BOHN,  IVwmirw. 

BMon 
Moots  fint  Mondaj  of  OMh  wintor  numth. 
V.  E.  C.  EUSnS,  ClU«niMm.  R.  L.  A0A8SIZ.  Fie«-C*alriiMm. 

E  B.  BUGBSE,  flicritorylVwuiiiw,  liaoi.  Inot.  of  Toohnolofy.  Booton.  Mmo. 

ALBERT  SAUVEUR,  EL  L.  SMYTH.    * 

CUianMa 

Holdo  four  ■ewiono  during  yonr.    Annuil  mooting  in  Soptombor  or  Oetobor._ 
STANLT  A.  BASTON.  Chmkmun,  FkSDBRlC  KEFFER,  Fid»-Cfta4HM». 

LYNDON  K.  ARMSTRONG,  SMratary-fVMMirw.  P.  O.  Drawor  2164.  Spoknno.  Wooh.     ^ 

D.  C.  LIVINGSTON,  FRANK  A.  ROSS. 

Pvgd  Sound 

Moots  sooopd  Sfttnrdny  of  lonh  month. 
QLENVILLE  A.  COLLINS.  CJ-A^wkT^  o-w-^w  «  •«»         ^^  MANLEY.  ViM-CMrmtm. 
r  .  T  .r.rJi^^  SLAftR,  Sforitafr- IVooMTtr,  lOiS  Honnr  BIdg..  Sonttlo»  W^b. 
I.  f.  LAUCKS,  JOHN  N.  POTT. 

&»iifA«rii  Calif onUa 

C.  COLCOCK  JONES.  CU^OMM.  ALVIN  B.  CARPENTER.  ViM-^hairmnn, 

^  ^I2m>ERiqK  jTh.  MERRILL.  SMrvfO^v-rrMMnrtr.  210  Union  Looguo  Bldg..  Loo  Angolos.  Col. 
A  a  W.  HODOk.  R.  a.  PEREZ, 

E.  A.  MONTGOMERY.  WILLIAM  F.  STAUNTON. 

Colorado 

L.  p.  HAMMOND.  CftMnnask  F.  H.  B08TWICE,  Viet-Ckairman. 

0. 4.  KBNNEify  **•  "'^*'='  *-'-1-«^-~-.  •«  <>»^  «-•.  ^'-•£tM*«CAETHY. 

JfoRfOfia 

J.  L.  BRUCE,  Cfcatnna».  W.  C.  SIDERFIN,  Fieo-CAttinna». 

WALTER  B.  GABY.  SMratary-TVMMnw,  884  W.  Granite  St.,  Bntto,  Mont. ^, ^ 

W.  T.  BURN&  N.  B.  BRALY. 

iSofi  FraneUeo 

„  . Moots  sooond  Tnosdiy  of  oooh  month.  ..      ^   . 

T.  A.  RICKARD,  Ckairmtm,  W.  H.  BHOCKLEY,  ViM-XnkMrmmn. 

E.  A  HE^V'"''"'''  •^^  «.cr-onMV.««r^.  67  Pot  St.  Son  Frandoco^C^    ^^^^^ 

Pemifybafiia  iinfArodto 

R.  V.  NORRIS.  Ckabman. 
CHARLES  F.  HUBER,  Vie§-Ckmirman.  EDWIN  LUDLOW,  Vie^-Chairwtam, 

W.  J.  RICHARDS.  ricf-CftaJHiMm.  ARTHUR  H.  STORRS,  Vief^hmrwum. 

r.^^^   PA^^  STERLING,  Sferiterv-lVMmirw,  Lehigh  VoIIot  Conl  Co.,  WOkoo-Borre.  P».  ^.„^ 
DOUGLAS  BUNTING,  HUNK  A.  HnxT  ALBERT  B.  JESBUP. 

RUFUS  J.  FOSTER,  JOHN  M.  HUMPHREY,  ROBERT  A.  QUIN. 

8L  LowU 

C.J.  ADAML   CftathnoA.  HERMAN  GARLICH.    V%e»^Ckaitman, 

f.  W.  DnWOLF.  Vie^-Chairman,  M.  M.  V ALERI  US,  Vie^-Chairwum. 

WALTER  E.  McCOURT,  SMrfiary-3V«aMr«r. .  Woohington  Unir..  St.  LooIb,  Mo.   _ 
A.  W.DICKINSON.  CHARLES T.  ORR,  ARTHUR  THACHER. 

C.  R.  FORBES.  F.  D.  RASH. 

Chieago 

CHARLES  H.  MacDOWELL,  Ckmirwmm.  LUTHER  V.  RICE,  FiM-CAatHMm. 

.,„.         HENRY  W.  NICHOLS.  SMMtonhlViaMtrep.  1046  E.  08  St.,  Chioogo,  III. 
ALEXANDER  K.  HAMILTON,  HENRY  P.  HOWLAND. 

GEORGE  P.  HULST,  FREDERICK  T.  SNYDER. 

UUEh 
C.  W.  WHITLEY,  Oflfriwon.  WALTER  FITCH.  Fiee-CAolrOMA. 

^       ERNEST  GAYFORD,  Ssarttar^Tnatmmr,  169  Piorpont  Ato.,  Snlt  Lake  City,  Utah. 
E.  R.  ZALINSKI,  WILUAM    WRAITH. 

iirtfOfMI 

GERALD  SHERMAN,  Chairmam, 
NORMAN  CARMICHAE^1«I  Viet^hair.  B.  BRITTON  GOTTSBERGER,  2nd  Viet-Chair, 

.  T  ^  .  ..•  ARTHUR  NOTMAN,  SMrdory-rreoeiifwr,  Bieboo.  Aria. 

S-  h  S-AS^w  ^^  J-  C.  GREENWA  Y. 

W.  0.  UoBRIDB.  FOREST  RUTHERFORD. 

Nevada 

J  W.  HUTCHINSON,  Chairman.  FRANCIS  CHURCH  LINCOLN.  Vice-Chairman, 

„  „  ^,    ^ HENRY  M.  RIVES,  aecrtiary-TrwuuTBr,  Reno,  Nevada. 

?«I;5HP55SM'  E  A-  JULIAN. 

IMJSET  p.  BOYLE.  JOHN  G.  KIRCHEN. 

FREDERICK  BRADSHAW,  C.  B.  LAKENAN. 

TASXERL.ODDIE. 
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STANDING  CX)MMITTEES 


Execuiw$ 

L.  D.  RICKETTS,  Chairman, 
OEORQE  D.  BARRON.  W.  L.  SAUNDERS, 

SIDNEY  J.  JENNINGS,  BENJAMIN  B.  THAYER. 


ARTHUR  S.  DWIGHT, 
LEWIS  W.  FRANCIS, 


Membenhip 

KARL  EILER8,  Chairman. 

Finanee 


LOUIS  D.  HUNTOON, 
ARTHUR  L.  WALKER. 


GEORGE  D.  BARRON,  Chairman, 
ALBERT  R.  LEDOUX,  CHARLES  F.  RAND. 

lAbrary 

E.  GYBBON  SPILSBURY.  Chairman.* 
KARL  EILERS,!  E.  F.  ROEBER,< 

ALEX  C.  HUMPHREYS.*  BRADLEY  STOUGHTON. 

Papen  and  PubUcationt 

BRADLEY   STOUGHTON,   Chairman. 


■xicuTEva  ooMMirraa 


KARL  EILERS, 
JOSEPH  W.  RICHARDS, 
E.  F.  ROEBER. 


GEORGE  C.  STONE. 
SAMUEL  A.  TAYLOR. 


J.  L.  W.  BIRKINBINE, 
WHXIAM  H.  BLAUVELT. 
H.  A.  BRA8SERT, 
DAVID  H.  BROWNE. 
WILLIAM  CAMPBELL, 
R.  M.  CATLIN. 
ALLAN  J.  CLARK, 


HEINRICH  O.  HOFMAN. 
WALTER  E.  HOPPER. 
HENRY  M.  HOWE, 
LOUIS  D.  HUNTOON. 
J.  E.  JOHNSON,  JR.. 
WILLIAM  KELLY. 
JAMES  F.  KEMP. 


FREDERICK  G.  COTTRELL,  CHARLES  K.  LEITH, 
NATHANIEL  H.  EMMONS.  ANTHONY  F.  LUCAS. 
JOHN  W.  FINCH. 
CHARLES  H.  FULTON, 
F.  LYNWOOD  GARRISON, 
ROBERT  C.  GEMMELL. 


CHARLES  W.  GOODALE, 
HARRY  A.  GUESS. 
R.  DAWSON  HALL, 
PHILIP  W.  HENRY, 


EDWARD  P.  MATHEWSON. 
HERBERT  A.  MEGRAW. 
RICHARD  MOLDENKE. 
SEELEY  W.  MUDD. 
R.  V.  NORRIS. 
EDWARD  W.  PARKER. 
EDWARD  D.  PETERS. 
R.  M.  RAYMOND. 


ROSSITER  W.  RAYMOND, 
THOMAS  T.  READ. 
ROBERT  H.  RICHARDS. 
L.  D.  RICKETT8, 
HEINRICH  RIE8. 
RENO  H.  SALES. 
ALBERT  SAUVEUR. 
HENRY  L.  SMYTH, 
A.  A.  STEVENSON, 
RALPH  H.  SWEET8ER, 
GEORGE  D.  VAN  ARSDALE. 
FELIX  A.  VOQEL. 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON, 
HORACE  V.  WINCHELL. 
FREDERICK  W.  WOOD, 
DWIGHT  E.  WOODBRIDGE. 


COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED 
STUDENT  SOCIETIES 

HARRY  H.  STOEK.  Chairman. 

Vice-Chairinen 

CHARLES  H.  FULTON,  FREDERICK  W.  SPERR, 

EDWIN  C.  HOLDEN.  GEORGE  J.  YOUNG, 

WALTER  R.  CRANE,  Seeretarw*  PenosylTftni*  State  College,  State  College,  Pa. 


LUTHER  W.  BAHNEY, 
DARSIE  C.  BARD, 
ROBERT  H.  BRADFORD. 
SAMUEL  W.  BEYER. 
GUY  H.  COX. 
JOSEPH  DANIELS. 
NOAH  F.  DRAKE. 
FRANK  W.  DURKEE. 


HOWARD  ECKFELDT. 
DAVID  M.  FOLSOM. 
R.  R.  GOODRICH. 
CHARLES  E.  LOCKE. 

JAMES  F.  McClelland. 

HARRY  B.  MELLER. 
WALTER  S.  MORLEY, 
HENRY  S.  MUNROE. 


CHARLES  J.  NORWOOD. 
GEORGE  S.  RAYMER. 
HEINRICH  RIES. 
HENRY  L.  SMYTH. 
FRANCIS  A.  THOMSON, 
F.  W.  TRAPHAGEN, 
CLINTON  M.  YOUNG. 


1  Until  Feb.,  1917.        *  Until  Feb.,  1918.        *  Until  Feb.,  1919.        «  UntU  Feb.,  1930. 
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CX)MMITTEE  ON  INCREASE  OF  MEMBERSHIP 

THOMAS  T.  READ.  CftMrmask 
PHILIP  W.  HENRT,  Fim  FtM-CftotHiMm. 


Viee-Chairmen 
LTNDON  K.  ARBfSTRONQ. 
F.  a.  COTTRELU 
CHARLES  A.  BUCK, 
EDWARD  L.  DUFOUROQ. 
E  W.  HARDINGE. 
E  L.  HOLU8, 
DUNCAN  BfACVICHIE, 
WILUAM  H.  SHEARMAN,  Steriterv.  M  WaU  SC.,New  York,  N.  Y. 


HENRY  W.  NICHOLS, 
ERSKINB  RAMSAY. 
CHARLES  F.  RAND. 
GILBERT  RIGG. 
WALTER  Q.  SWART, 
RICHARD  P.  TINSLBY. 


HUNTINOTON  ADAMS, 

r.LANTISBLL, 

EDWIN  0.  BANKS. 

LOUIS  y.  BENDER, 

C.E  BENEDICT. 

JAMES  0.  BERRYHILL, 

ALBEBTC.  BOYLE.  JR.. 

D.EBR4DLEY.JR.. 

VICTOBM.  BRASCHI, 

FRBDEBIC  K.  BRUNTON, 

IE8TEBR.BUDROW. 

MILTON  A.  CAINE. 

EDWIN  B.  CARPENTER, 

CHARLES  CATLBTT. 

VELUM  B.  CRAMER, 

NOAH  F.  DRAKE. 

J.A.EDE. 

LOUIS  V.  EMANUEL. 

AUGUSTUS  H.  BUSTI8. 

SALTER  FITCH. 

WELUM  E.  FOHL, 

B.  GAYFORD, 

U.  E  QIDEL. 

BTEPHEN  L.  GOODALE, 

CARLE  GRUNSKY,  JR.. 


GEORGE  A.  GUESS. 
BENJAMIN  M.  HALL. 
RICHARD  S.  HASELTINE, 
FRANK  R.  HEWITT, 
EDWIN  HIGGIN8. 
JOSEPH  T.  HILLES, 
JOHN  H0AT80N. 
ROY  J.  HOLDEN. 
TADASHIRO  INOUYB. 
YING-CHIEH  KUANG, 
K.  C.  LI, 
L  P.  UHME, 
JOHN  J.  UNCOLN. 
DOUGLAS  C.  LIVINGSTON. 
SPENCER  R.  LOGAN. 
F.  E.  LUCAS. 
WALTER  E.  McCOURT. 
P.  M.  McHUGH. 
FREDERICK  J.  H.  MERRILL. 
ARTHUR  NOTMAN. 
HENRY  M.  PARKS. 
IRVING  PERRINE 
OLUF  Q.  PETERSEN. 
F.  E.  PIERCE. 
FRANK  Da  G.  RATHBUN. 


AMBROSE  E.  RING. 
WILLIAM  W.  ROSE. 
HAZEL  L.  SCAIFE, 
WILLIAM  J.  SHARWOOD. 
i.  F.  SHAW. 
JO  E.  SHERIDAN. 
ARTHUR  P.  SILUMAN. 
AMOS  SLATER. 
SUMNER  S.  SMITH. 
JOHN  G.  SMYTH. 
RICHARD  B.  STANFORD. 
PAUL  STERLING, 
LEWIS  STOCKBTT. 
ARTHUR  F.  TAGGART. 
CHARLES  H.  TAYLOR, 
BENJAMIN  F.  TILLSON. 
ARTHUR  L.  TUTTLB. 
R.  C.  WARRINER, 
WALTER  HARVEY  WEED, 
HENRY  A.  WENTWORTH. 
WILUAM  Y.  WESTfiRVELT, 
HERBERT  A.  WHEELER, 
EDWIN  E.  WHITE, 
C.  W.  WHITLEY. 
R.  B.  WOODWORTH. 


COMMITTEE  ADVISORY  TO  THE  U.  8.  BUREAU  OF  MINES 

ARTHUR  F.  L.  BELL.  HENNEN  JENNINGS. 
ALBERT.  R.  LEDOUZ.             E.  W*  PARKER.  L.  D.  RICKETTS. 

SledrieUy  m  Mining  Mine  Explonans  Mine  SvJtmdenee 

5ILLIAM  KELLY.  H.  M.  CHANCE.  JAMES  F.  KEMP, 

THOMAS  H.  LEGGETT.  FRANK  HAAS.  R.  V.  NORRIS. 

SAMUEL  A  TAYLOR.  CARL  SCHOLZ.  CHARLES  K.  LEITH. 

COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  STANDARDS 

C»ntr:  F.  L.  ANTISELL.  Aluminum:  JOSEPH  W.  RICHARDS. 

Uad:  ARTHUR  S.  DWIGHT.  Zine:  GEORGE  C.  STONE. 

NidtaU  JOHN  F.  THOMPSON. 

COMMITTEE  ON  NATIONAL  RESERVE  CORPS  OF  ENGINEERS 

HENRY  S.  DRINKER,    ARTHUR  &  DWIGHT,     D.  M.  RIORDAN.     WARREN  A.  WILBUR 

COMMITTEE  ON  ARRANGEMENTS,  ARIZONA  (113TH)  MEETING,  1916 

QERALD  F.  G.  SHERMAN,  Chavrman,  ARTHUR  NOTMAN.  Stcrttary. 

NORMAN  CARMICHAEL,       W.  G.  McBRIDE.  J.  C.  QREENWAY, 

^.  L.  CLARK.  B.  BRITTON  G0TT8BERGER.  FOREST  RUTHERFORD. 

COMMITTEE  ON  TRANSPORTATION,  ARIZONA  (113TH)  MEETING,  1916 

SALTER  DOUGLAS.  Chairman,  CLEVELAND  E.  DODGE.  Seeretani, 

AKTHUR  8.  DWIGHT.  JOHN  C.  GREENWAY.  JULIUS  KRUTTSCHNITT.  JR. 

NOMINATING  COMMITTEE 

SEELEY  W.  MUDD.  Chairman. 
DAVID  H.  BROWNE.  H.  O.  HOFMAN. 

JAMBS  OAYLEY^__  FREDERICK  LAIST. 

JOHN  C.  GREENWAY  R.  V.  NORRIS. 
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INSTITUTE  REPRESENTATIVES 
UniUd  Engineering  Society  Tnuleee 

CHARLES  F.  RAND.i  W.  L.  SAUNDERS.!  BENJAMIN  B.  THAYER.> 

Engineering  FaundaUon 

R.  M.  RAYMOND,  BENJAMIN  B.  THAYER. 

Library  Board,  UnOed  Engineering  Society 

KARL  EILERS,«  E.  F.  r6EBER,4 

ALEX  C.  HUMPHREYS,!  E.  GYBBON  SPILSBURY.i 

BRADLEY  8TOUGHTON. 

John  Fritz  Medal  Board  of  Award 

C.  R.  CX)RNINQ,«  ALBERT  8AUVEUR.1 
CHARLES  F.  RAND,*  E.  GYBBON  SPILSBURY.* 

Qeneral  Conference  Committee  of  Engineering  Societiee 

J.  PARKE  CHANNING,       BENJAMIN  B.  LAWRENCE,       BRADLEY  8T0UQHT0N. 

American  Auodation  for  the  Advancement  of  Science 

WALDEMAR  LINDQREN,  JOSEPH  B.  TYRRELL. 

Advisory  Board  of  the  National  Coneervation  Congreee 

HENRY  8.  DRINKER. 

Committee  on  Standardization  of  Oraphicdl  Methode 

JUDD  STEWART. 

Committee  on  National  Reserve  Corps  of  Engineers 

ARTHUR  S.  DWIGHT. 

Committee  on  Mining  Law  Revision 

JAMES  R.  FINLAY,  HENNEN  JENNINGS. 

D.  C.  JACKLING,  C.  F.  KELLEY, 

EDMUND  B.  KIRBY. 

Naval  Consulting  Board 

Membera 
WILLIAM  L.  SAUNDERS,  BENJAMIN  B.  THAYER. 

AmocSoU  Metnber» 
STEPHEN  O.  ANDROS,  J.  C.  GREENWAY,  CHARLES  P.  RAND, 

E.  J  BABCOCK.  LAFAYETTE  HANCHETT,        FRANK  D.  RASH, 
H.  R.  BATCHELLEH,  H.  G.  HIXON,  R.  H.  RICHARDS, 

A .  A  BLOW.  C.  B.  HOLLIS.  C.  S.  ROBINSON. 
PHILIP  Ft   BRADLEY,                 GEORGE  P.  HULST,                     WALTER  M.  SAUNDERS, 
J.  L.  BRUCE,                                   FRANK  U.  HUMBERT.               E.  A.  SAY^. 

D.  W.  BRUNTON.  HENNEN  JENNINGS.  H.  L.  SCAIFE. 

ALLAN  J.  CLARK.  8.  W.  McCALLIE.  A.  M.  8WARTLEY. 

F.  K  COPEL AN  D.  A.  J.  McQUATTERS.  PRIESTLEY  TOULMIN. 

B.  F.CRESrfON^JR.  C.W.MERRILL,  W.E.TRENT. 
ROBERT  N.  DICKMAN,  P.  N.  MOORE.  M.  M.  VALERIUS, 
M.  M.  DUNCAN,  F.  W.  O'NEIL,  W.  D.  WALTMAN, 
T.  C  DU  PONT.  WALTER  T.  PAGE,  I.  C.  WHITE, 
9TA  NLY  A.  E  ASTON,  W.  H.  PEIRCE.  ELI  WHITNEY. 
W.  E.  C  EUfiTL^,  JOSEPH  H.  PRATT.  H.  V.  WINCHELL. 
J.  H.  FORDYCE.  J.  C.  RALSTON, 

Committee  on  Engineering  Education 

JOHN  HAYS  HAMMOND,  HENRY  MARION  HOWE. 

Committee  on  Adoption  of  Metric  System 

GEORGE  F.  KUNZ,  JOSEPH  W.  RICHARDa 

Committee  on  Classification  of  Technical  Literature 

WILLIAM  P.  CUTTER. 

/.  A.  Holmes  Safety  First  Association 

HENNEN  JENNINGS. 

Pan-American  Engineering  Committee 

WALTER  H.  ALDRIDGE.  W.  H.  LEONARD, 

FREDERICK  K.  COPELAND.  P.  N.  MOORE. 

JOSEPH  W.  RICHARDS. 

Committee  on  Military  Engineering  Lectures 

J.  PARKE  CHANNING.  CHARI.ES  F.  RAND.  BRADLEY  STOUGHTON, 

ALEX  C.  HUMPHREYS.         WILLIAM  L.  SAUNDERS.       WILLIAM  H.  WILEY. 


1  Until  Feb.,  1917.        >  Until  Feb.,  1918.        •  Until  Feb.,  1919.        « Until  Feb.,  1920. 
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TECHNICAL  COMMITTEES 
Iran  and  l^mi 

JOSEPH  W.  RICHARDS.  Ckmirwmn, 

J.  E.  JOHNSON.  Jb.,  Vie^-Ckmlrmtm. 

ARTHURS  CALLEN,  Bttntmrw,  458  OiMtDiii  Bt^  So.  B«tU«liam.  Pa. 


SuB-CoificrnnEB 

IRON  ORR 
DWIGHT  B.  WOODBRIDQB,  CAmHma. 
ERNEST  F.  BURCHARD.  WnXIAM  KELLY,  CHARLES  F.  RAND. 

FEUZ  A.  VOQEL. 

BLAST  FURNACaS 
H.  A.  BRA88BRT,  Ckaimmmm, 
AMBROSE  N.  DIEHL. 
RICHARD  V.  MoKAY. 


FUZIAM  H.  BLAUVELT. 


JAMES  QAYLEY. 


QUILLIAEM  AERTSEN. 
FRANK  D.  CARNEY. 


ROBERT  W.  HUNT. 


JOHN  H.  HALL, 


STBBL  WORKS 
HENRY  D.  HIBBARD.  Chabrmw, 
a  F.  W.  RYS.  J.  S.  UNOER, 

A.  A.  STEVENSON,  WILUAM  R.  WALKER. 

MRCHANIOAL  TRBATMBNT 
CHARLES  A.  BUCK.  CAolmMm. 


GEORGE  MESTA. 


FREDERICK  W.  WOOD. 


WILUAM  CAMPBELL, 
HENRY  M.  HOWE, 


FOUNDRT 
RICHARD  MOLDENKE.  CUtitman, 

ENRIQUE  TOUCEDA. 
CHSIOSTRT,   PHTBICB,  AND  IfBTALLOORAFHT 
HERBERT  M.  BOYLSTON,  CftaJriMit. 


JOHN  A.  MATHEWS, 

E.  GYBBON  SPILSBURY. 


ALBERT  SAUVEUR, 
LEONARD  WALDO. 
WILLIAM  R.  WEBSTER. 


Petnieum  and  Oa* 

ARTHUR  F.  li.  BELL^  dolniMm. 

WILLIAM  N.  BEST,  Yic^-Chmrman.  DAVID  T.  DAY,  ViM-Chairmnn, 

WILLIAM  B.  PHILUP8,  Fie»-CA4i<nium.  MARK  L.  REQUA.  FiM-CAotrman. 

LEONARD  WALDO,  Steriterv.  49  WaU  St.,  New  York.  N.  Y. 


RALPH  ARNOLD. 
FREDERICK  G.  CLAPP, 
EUQENE  C08TE. 
EDWIN  T.  DUMBLE, 
JOHN  B.  EDWARDS, 


PHILIP  W.  HENRY, 
HANS  VON  HOEFER, 
ISAAC  N.  KNAPP, 
ANTHONY  F.  LUCAS. 
EZEQUIEL  ORDONEZ, 


FRANCIS  C.  PHILUPS, 
WALTER  O.  SNELLING. 
CHESTER  W.  WASHBURNE. 
WILLIAM  L.  WATTS, 
HERBERT  A.  WHEBLER, 
WILLIAM  A.  WILLIAMS. 


Cod  and  Cok» 

SAMUEL  A.  TAYLOR,  Chairman. 

EDWIN  LUDLOW.  ViM^Chairmm,  W.  J.  RICHARDS.  Viet-Ckairman. 

FREDERICK  W.  C.  WHYTE.  FiM-doinnm. 

WHXIAM  E.  FOHL,  Storttery,  Fumen*  Bank  Bide.,  Pittoburgh,  Pa. 


8.  B.  BELDEN, 
WILLIAM  H.  BLAUVELT, 
H.  M.  CHANCE, 
THOBIAS  H.  CLAGETT, 
ELI  T.  CONNER, 
JAMES  &  CUNNINGHAM. 
niANK  W.  DaWOLF. 
E.  V.  lyiNVILLIERS. 
W.  W.  DUFFIELD. 
HOWARD  N.  EAVBNSON. 
CHARLES  ENZIAN, 
WUUM  A.  FORBES, 
WIUIAM  H.  GRADY, 
FRANK  HAAS. 


R.  DAWSON  HALL, 
FRANK  A.  HILL, 
FRANK  ALBERT  HILL, 
CHARLES  F.  HUBER, 
JAMES  ELLWOOD  JONES, 
CHARLES  E.  KREBS, 
GEORGE  J.  KREBS, 
A.  C.  LEISENRING, 
SPENCER  R.  LOGAN. 
EUGENE  McAULIFFE, 
CHARLES  T.  MALCOLMSON. 
FRANK  A.  MANLEY. 
JOHN  P.  K.  MILLER, 


R,  V.  N0RRI8, 
CHARLES  J.  NORWOOD. 
THOMAS  H.  O'BRIEN. 
FRANK  A.  RAY, 
GEORGE  S.  RICE. 
JOHN  J.  RUTLEDGE, 
CARL  8CH0LZ, 
JOHN  ROY  SHARP, 
T.  W.  8PRAGUE, 
ARTHUR  H.  8TORR8. 
ISRAEL  C.  WHITE,  ^ 
WILLIAM  G.  WILKINS. 
LEWIS  L.  WILLARD. 
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PtwUau  and  Bomb  Meiah 

CHARLES  W.  GOODALE,  Chairman. 
ARTHUR  L.  WALKER,  Vie^-Ckairman.  ROBERT  C.  OEMMELL. 

DARSIE  C.  BARD,  S^eUtrv,  MontanA  SUta  Sehool  of  Mines,  Butte,  Mont. 

Sub-Committees 

COPPER 
EDWARD  p.  MATHEW80N,  CAmHnm. 


LAWRENCE  ADDICKS. 
W.  LAWRENCE  AUSTIN, 
JOHN  C.  GREENWAY, 
LAFAYETTE  HANCHETT, 
L.  OGILVIB  HOWARD. 


F.  L.  BOSQUI. 
PHILIP  R.  BRADLEY. 
CHARLES  BUTTERS, 
ROBERT  C.  CANBY. 
ALLAN  J.  CLARK, 


FREDERICK  LAIST. 
C.  B.  LAKENAN, 
GEORGE  W.  METCALFE, 
L.  D.  RICKETTS, 
FOREST  RUTHERFORD, 

GOLD  AND  SILVER 
LYNWOOD  GARRISON,  Chairman. 
GEORGE  H.  CLEVENGER,        WILLET  G.  MILLER, 
HARRY  8.  DENNY. 
JOHN  V.  N.  DORR, 
JAMES  W.  MALCOLMSON. 
CHARLES  W.  MERRILL. 

LEAD 


GEORGE  D.  VAN  ARSDALE. 
ARTHUR  L.  WALKER, 
ARCHER  E.  WHEELER, 
ALBERT  E.  WIGGIN. 


CHARLES  H.  MUNRO, 
R.  M.  RAYMOND, 
WHITMAN  SYMMES, 


C.  J.  ADAML 
LEONARD  S.  AUSTIN, 
WILLIAM  BRADEN, 
ARTHUR  8.  DWIGHT, 
KARL  EILERS, 


S.  E.  BRETHERTON, 
QELASIO  CAETANl. 


DAVID  H.  BROWNE. 
SIEGFRIED  FISCHER. 
FRANK  L.  HESS. 


MARK  N.  ALLING. 
SIDNEY  H.  BALL. 
PIERRE  BOUERY. 
C.  C.  BRAYTON, 
NEWTON  CLBAVELAND. 
ROBERT  E.  CRANSTON. 


HEINRICH  O.  HOFMAN,  Chairman. 

HERMAN  GARLICHS,  WILLIAM  A.  SMITH. 

ERNEST  A.  HERSAM.  FREDERIC  R.  WEEKE8, 

G.  P.  HUL8T.  RUSH  J.  WHITE, 

SIDNEY  J.  jfeNNINGS,  C.  W.  WHITLEY. 

FRANK  M.  SMITH.  WILLIAM  WRAITH. 

ZINC 
GEORGE  C.  STONE.  Chairman. 
C.  A.  H.  DbSAULLES. 
W.  McA.  JOHNSON, 
FREDERICK  LAIST, 


DORSEY  A.  LYON. 
OTTO  RISSMAN. 
C.  E.  8IEBENTHAL. 


lOSCBLLANEOUS  MBTALB 
CHARLES  H.  FULTON,  Chairman. 

WALTER  M.  STEIN, 
JOSEPH  8TRUTHER8, 
WILLIS  R.  WHITNEY. 


ZAY  JEFFRIES. 
ROBERT  M.  KEENEY. 
GEORGE  A.  PACKARD, 


PLACER  DEPOSITS 
CHARLES  JANIN.  Chairman. 
F.  LYNWOOD  GARRISON, 
J.  J.  HAMLYN, 
W.  P.  HAMMON. 
ROSS  B.  HOFFMANN, 
HENNEN  JENNINGS, 
E.  B.  KIMBALL. 


CHESTER  F.  LEE^ 
H.  L.  MEAD. 
F.  L.  MORRIS, 
C.  H.  MUNRO. 
WILLIAM  a  NO^ 
HENRY  C.  PERKINI 
O.  B.  PERRY. 


Ncn-MdaOic  MineraU 

HEINRICH  RIES,  Chairman. 
CHARLES  P.  BERKEY.  YiM-Cfta^mon.  GEORGE  F.  KUNZ,  Viee^nutlrman. 

EDWARD  W.  PARKER,  Vie^-Chairman. 
WILLIAM  C.  PHALEN,  Secretary,  U.  8.  Bureau  of  Mines,  Washinfton,  D.  C. 
SAMUEL  W.  BEYER,  F.  R.  HEWITT,  WILLET  G.  MILLER. 

H.  A.  BUEHLER,  F.  C.  HOOPER,  WILLIAM  B.  PHILLIPS, 

JOHN  A.  DRESSER,  C.  COLCOCK  JONES,  JOSEPH  HYDE  PRATT, 

R.  D.  GEORGE.  C.  G.  MEMMINGER.  KENNETH  8EAVER, 

FRANK  L.  HESS.  BENJAMIN  L.  MHXER,  THOMAS  L.  WATSON. 

Mining  Otology 

Chairman. 
JOHN  W.  FINCH.  Vice-chairman. 
Staniary,  Harrard  Geologioal  Museum,  Cambridge,  Maak 


L.  C.  GRATON, 
RALPH  ARNOLD. 
JOHN  M.  BOUTWKLL, 
H.  A.  BUEHLER, 
MARIU8  R.  CAMPBEIX, 
C.  R.  CORNING. 
M.  J.  ELSING. 
WILLIAM  H.  EMMONS. 
F.  LYNWOOD  GARRISON, 


IRA  B.  JORALEMON. 
JAMES  F.   KEMP. 
HENRY  LANDE8, 
ALFRED  C.  LANE. 
CHARLES  K.  LEITH, 
R,  V.  NORRIS. 
ARTHUR  NOTMAN, 
EZEQUIEL  ORDONEZ, 


R.  A.  F.PENROSE.  JBm 
WILLIAM  B.  PHHXIPS, 
JOSEPH  HYDE  PRATT, 
HEINRICH  RIES, 
RENO  H.  SALES. 
WILLIAM  G.  SHARP. 
HENRY  L.  SMYTH, 
JOSIAH  B.  SPUBJt, 
M.  E.  WADSWORTH,* 
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BENJAMIN 
TRUMAN  H.  ALDRICH.  Jb.. 
HANS  C.  BEER, 
R.  B.  BRINSMADB. 
DOUQLAB  BTJNTINQ, 
LOUIS  &  CATE8, 
CHARLES  CATLETT. 
FRED  W.  DENTON. 
BTANLT  EASTON, 
JAMES  R.  FINLAY. 
R.  C.  QSMMELU 


Mndng  MMod9 

ROBERT  M.  CATUN.  Ckalrmon. 

F.  TILL80N.  5ioriterv.  FMnkUii  FoniM^  N.  J. 


JOHN  GILLIE. 
WILLIAM  L.  HONNOLD. 
JAMES  E.  JOFLINQ. 
ROBERT  A.  KINZIB, 
HENRY  KRUMB. 
WILLIAM  H.  LEONARD, 
HENRY  LOUIS. 
JAMES  F.  MoCLELLAND. 
SEELEY  W.  MUDD. 
JAMES  B.  RISQUE. 


MILNOR  ROBERTS, 
OSCAR  ROHN. 
GERALD  SHERMAN. 
HENRY  L.  SMYTH. 
BENJAMIN  W.  VALLAT. 
RUEL  C.  WARRINER, 
SAMUEL  D.  WARRINER. 
GEORGE  WEIR, 
DWIGHT  E.  WOODBRIDGE. 


MUHng  MelhodB 

ROBERT  H.  RICHARDS,  Ckmirmam,  M.  K. 

CHARLES  E.  LOCKE,  SMPttery,  Mam,  Inrtltato  of 


EARL8.BARDWELL, 
H.  K.  BURCH, 
CHARLES  BUTTERS, 
QELASIO  CAETANI. 
WILLIAM  A.  CALDECOTT, 
JOHN  M.  CALLOW. 
CHARLES  A  CHASE, 
DAVID  COLE. 
JOHN  V.  N.  DORR, 
ARTHUR  8.  DWIGHT, 


RUDOLPH  GAHL, 

H.  A.  GUESS, 

H.  C.  HOOVER, 

FREDERICK  LAIST, 

C.  B.  LAKENAN. 

W.  P.  LASS. 

CHARLES  W.  MERRILL. 

HENRY  S.  MUNROE. 

E.  H.  NUTTER, 

C.  Q.  PAYNE. 


RODGERS,  Viet-Ckainmam, 
Teehndlofy,  Boaton,  Mms. 
JOHN  B.  PORTER, 
LEWIS  G.  ROWAND, 
E.  A.  C.  SMITH, 
T.  B.  STEARNS, 
WALTER  G.  SWART. 
ARTHUR  THACHER, 
BULKELEY  WELLS, 
ALBERT  E.  WIGGIN. 
GEORGE  H.  WYMAN,  Jb. 


Mining  Law 


CORNEUUS  F.  KELLEY,  Chairman. 
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I.  INTRODUCTION 

Thb  main  object  of  this  article  is  to  present  the  results  of  observations 
by  the  Copper  Queen  Consolidated  Mining  Co.'s  geological  department 
as  an  addition  to  the  already  published  reports  on  the  Warren  district. 
Since  these  observations  relate  mostly  to  the  ore  deposits,  little  will  be 
found  here  on  the  general  geology  that  has  not  been  covered  by  F.  L. 
Ransome's  admirable  work  on  the  Bisbee  Quadrangle.^  A  sununary 
of  this  very  important  part  of  the  study  of  the  camp  will  be  given,  how- 
ever, mainly  to  bring  out  the  new  facts  discovered  during  the  advance  in 
undergroimd  development  and  the  latest  detailed  study  of  structures 
and  petrography  of  the  mining  area. 

II.  PHYSIOGRAPHY 

The  Mule  Mountains,  in  which  the  Bisbee  ore  deposits  occur,  consti- 
tute a  chain  with  a  northwest-southeast  axis  rising  abruptly  on  the  sides 
from  the  Sulphur  Springs  Valley  on  the  northeast,  as  shown  in  Plate  1, 
and  the  San  Pedro  Valley  on  the  southwest.  The  range  starts  at 
about  the  International  Boundary  near  Christianson's  ranch,  with  low 
hills  covering  a  width  of  1  or  2  miles,  and  extending  for  about  3  miles 
to  the  northwest.  Here  the  Gold  Hill  overthrust  fault  has  caused  an 
abrupt  rise  in  elevation  and  from  this  point  on  the  range  widens  out  and 
the  hills  become  very  much  more  rugged.  The  highest  point  is  about 
6  miles  farther.  The  total  length  of  the  range  from  the  International 
Boundary  is  about  23  miles  and  its  maximum  width,  about  opposite  the 
town  of  Bisbee,  is  10  miles.  The  range  finally  ends  at  Government 
Draw,  which  is  a  pass  about  2  miles  wide,  connecting  the  San  Pedro  and 
Sulphur  Springs  Valleys.    Beyond  this  the  Tombstone  hills  commence. 

The  range  is  divided  into  two  parts  by  Tombstone  Canyon,  a  deep 
canyon  running  through  the  southwest  side  of  the  range.  It  is  along 
this  canyon  that  the  Borderland  Route  road  takes  its  course,  and  in  which 
the  town  of  Bisbee  is  situated. 

Geologically,  also,  as  seen  in  Plate  1,  the  Mule  Movmtains  are  roughly 
divided  by  Tombstone  Canyon  into  two  parts.  To  the  southwest  is  the 
pre^retaceous  tract  and  to  the  northeast  the  Cretaceous.  The  differ- 
ence in  the  two  tracts  is  very  marked  physiographically.  The  pre-Cre- 
taceous  is  very  much  cut  up  and  is  formed  of  rocks  of  diverse  compositions, 
consisting  of  schists,  granites,  shales,  and  limestones.  These  rocks,  when 
subjected  to  erosion,  form  a  rugged  topography  with  deep  canyons  and 
steep  cli£fs.  The  Cretaceous  tract,  on  the  contrary,  is  uniform  in  com- 
position, constituted,  for  the  most  part,  by  soft  sandstones,  conglomerates, 

>  Geology  and  Ore  Deposits  of  the  Bisbee  Quadrangle,  Professional  Paper  of  the 
U.  S.  Geohgical  Survey,  No.  21  (1904). 
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and  shales,  which  are  but  little  faulted.  The  topography  carved  from 
them  is  characterized  by  gently  sloping  hills  and  draws  with  almost  no 
cKfis  or  deep  valleys  in  evidence. 

III.  INTRODUCTORY  GEOLOGY 

The  oldest  rocks  of  the  range  are  pre-Cambrian  schists  and  an  intruded 
granite,  which  are  separated  from^the  overlying  Paleozoic  beds  by  a  pro- 
found unconformity. 


Plate  1. — Geological  Map  op  the  Mule  Mountains. 

The  Paleozoic  beds  represent  an  era  of  apparently  uninterrupted 
deposition  of  sediments,  starting  with  440  ft.  of  quartzites  having  a 
basal  conglomerate,  followed  by  Cambrian  limestones,  Ordovician- 
Silurian  quartzite,  Devonian  and  Carboniferous  limestones.  .  The  total 
thickness  of  the  Paleozoic  beds  is  approximately  5,000  ft. 
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At  the  end  of  the  Carboniferous  era  a  violent  uplift  took  place  accom- 
panied by  extensive  faulting  and  intrusion  of  granite  porphyry.  During 
this  uplift,  and  intimately  associated  with  the  intrusion,  mineralizing 
solutions  arose  from  which  originated  the  orebodies  of  the  camp. 

Following  this  came  a  long  period  of  erosion,  which  ended  with  a  rapid 
subsidence,  during  which  time  4,500  to  5,000  ft.  of  Cretaceous  sandstones, 
shales,  and  limestones  were  deposited. 

At  the  end  of  Cretaceous  time  a  gentle  uplift  took  place,  lifting  the 
range  again  above  sea  level.  This  was  accompanied  by  some  intrusion 
of  rhyolite  and  monzonite. 

During  Tertiary  and  Quaternary  ages,  this  land  area  was  subjected 
to  erosion,  resulting  in  the  present  topography,  the  detritus  filling  in  both 
the  valley  of  the  San  Pedro  and  of  the  White  River,  one  on  each  side  of 
the  range. 

IV.  ROCKS  OF  THE  DISTRICT 

A.  Sedimentabt  Rocks 

Reference  to  Plate  2,  showing  a  generalized  geologic  section,  will  help 
make  clear  the  following  description. 

Pinal  Schist 

Name, — ^The  oldest  rock  of  the  district  is  the  Pinal  Schist.  It  is 
composed  of  a  uniform  series  of  thinly  laminated  siliceous  mica  schists 
of  unknown  thickness.  From  the  similarity  in  texture  and  stratig^raphic 
rdation  to  the  later  sediments,  it  has  been  correlated  by  Ransome'  with 
the  underlying  schistose  complex  of  the  Pinal  Range,  which  he  called  the 
Pinal  Schist. 

DtstrihiUion  and  General  Structure. — The  Pinal  Schist,  being  the  basal 
crystalline  rock  upon  which  rest  all  the  younger  formations  of  the  district, 
is  exposed  everywhere  that  erosion  has  stripped  them  off,  and  is  encoun- 
tered underground  on  sinking  through  them. 

The  best  surface  exposures  are  northeast  of  Mule  Gulch  and  to  the 
southwest  of  Tombstone  Canyon.  Smaller  exposures  are  also  fovmd 
about  1  mile  to  the  northwest  of  the  town  of  Don  Luis.  Underground 
it  is  exposed  where  the  Dividend  Fault  is  cut,  both  in  Copper  Queen  and 
in  Denn  ground.  It  also  is  found  as  dragged-in  fragments  in  the  contact- 
breccia  mass  arovmd  Sacramento  Hill. 

Lithclogy. — The  color  varies  from  light  to  dark  gray,  with  tinges  of 
green  on  fresh  surfaces,  and  rusty  in  weathered  specimens.  The  cleav- 
age is  rather  imperfect,  having  a  shiny  satin-like  surface. 

The  microscope  shows  the  rock  to  be  composed  mainly  of  quartz  and 
sericite.    Sometimes  the  sericite  is  replaced  in  part  by  penninite,  chlorite, 

^Loc.  cit.f  p.  24. 
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or  serpentine.     Folded  into  the  schist,  and  forming  an  integral  part  of 
it,  are  occasional  masses  of  diabase. 

Origin  and  Age. — ^The  age  of  the  Pinal  Schist  is  assumed  to  be  the 
same  as  for  the  Pinal  Schist  of  the  Globe  district  which  Ransome'  has 
shown  to  be  derived  from  arenaceous  sediments,  probably  of  Algonkian 
age.  Both  at  Globe  and  at  Bisbee  a  profound  unconformity  exists 
between  it  and  the  overlying  Paleozoic  beds. 


COLUMNAR    SECTION 


Plate  2. — Generalized  Geologic  Section  Showing  Rock  Strata  or  the 
Wabren  District. 

Bolsa  Quarizite 

Name, — The  name  of  this  formation,  as  well  as  those  for  all  other 
formations  in  the  district,  were  given  by  Ransome*  and  have  been  gener- 
ally adopted. 

Disiribvlion  and  General  Stratigraphy, — This  Bolsa  Quartzite  lies  on 
an  evenly  eroded  plain  of  Pinal  Schist.  The  main  exposures  of  this  for- 
mation are  southwest  of  Escabrosa  Ridge,  especially  in  Bolsa,  Abrigo, 
and  Quarry  Canyons.     In  the  last-named  canyon  a  complete  unfaulted 

«  U.  S,  Geological  Survey,  Globe  Folio,  No.  Ill,  p.  2. 
*  Loc,  cU.t  p.  28. 
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section  occurs.  Underground,  the  formation  has  been  cut  by  diamond- 
drill  holes  from  the  bottom  of  the  Irish  Mag  shaft,  and  also  by  the  work- 
ings from  the  Wade  Hampton  shaft. 

LUhclogy. — ^At  the  base  of  the  formation  is  a  well-marked  basal  con- 
glomerate, much  iron-stained,  containing  pebbles  consisting  mostly  of 
white,  well-rounded  quartz  of  up  to  a  4-in.  diameter,  and  averaging  about 
1  in.,  the  cementing  material  consisting  of  subangular  sand.  In  the 
northwestern  part  of  Tombstone  Canyon  some  pebbles  of  porphyritic 
rock  are  found,  together  with  some  rounded  crystals  of  feldspar.  These 
feldspar  crjrstals  consist  of  pink  microchne  and  microperthite,  such  as 
are  found  in  the  Juniper  Flat  granite  less  than  a  mile  away.  These 
feldspars,  notwithstanding  their  being  subject  to  such  long  exposure, 
are  still  relatively  fresh. 

The  next  100  ft.  of  the  Bolsa  shows  alternating  beds  of  fine  conglomer- 
ates and  quartzites,  with  some  arkose  beds.  Then  follows  a  finer  whitish 
quartzite  with  frequent  cross-bedding,  succeeded  by  some  massive,  dense 
beds  of  a  maroon-colored  quartzite.  The  total  thickness  of  the  Bolsa 
Quartzite  as  measured  in  Quarry  Canyon  is  440  ft. 

Age. — No  fossils  have  been  found  in  the  Bolsa  except  sparse  worm 
tracks  near  the  top,  but  as  the  next  formation  lies  conformably  on  top  of 
it  and  shows  middle  Cambrian  fauna,  the  Bolsa  has  been  assumed  as 
lower  or  middle  Cambrian. 

Abrigo  Limestone 

Disirtbulian  and  General  Stratigraphy. — The  Abrigo  formation  follows 
the  Bolsa  Quartzite  conformably,  and  is  the  first  fossil-bearing  formation 
in  the  district. 

The  best  exposure  of  Abrigo  Umestone  is  found  on  the  northern  slope 
of  Mount  Martin,  where  a  complete  unfaulted  section  is  obtainable. 
Large  areas  of  Abrigo  are  also  fovmd  on  the  southwestern  slope  of  Esca- 
brosa  ridge  in  Abrigo,  Moon,  and  Bolsa  Canyons,  but  the  formation  is  here 
badly  faulted.  Small  areas  are  also  found  in  Quarry  Canyon,  north 
of  Don  Luis,  and  on  the  southern  slope  of  the  range  from  Mount  Reilly 
to  Gold  Hill.  As  the  beds  are,  for  the  most  part,  soft  shales  and  shaly 
limestones,  good  exposures  are  rare,  the  formation  being  usually  covered 
by  talus. 

Underground,  the  Abrigo  formation  is  cut  by  the  lower  levels  of  all 
the  mines  from  the  Higgins  to  the  Briggs,  but  in  most  of  them  only  the 
top  100  ft.  of  rock  has  been  cut.  At  the  Spray,  OUver,  and  Irish  Mag 
shafts,  however,  the  formation  has  been  cut  by  their  lower  workings  to 
a  depth  of  400  ft.  below  its  top,  and  diamond-drill  holes  from  the  Irish 
Mag  shaft  have  penetrated  into  the  Bolsa.  At  the  White  Tail  Deer  and 
Wade  Hampton  shafts  the  lower  beds  have  also  been  cut.  No  complete 
section,  however,  has  been  exposed  underground.  Measured  at  Quarry 
Canyon  the  thickness  of  the  Abrigo  was  found  to  be  798  ft. 
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Geological  section  of  Abrigo  at  Quarry  Canyon: 

Thin  shales,  greenish-gray  to  pink4)rown,  highly  epidotised  . .  0-72 

Gray  broken  calcareous  limestone,  epidotised 72-83 

Shaly  calcareous  sandstones 83-112 

Medium-grained  greenish-gray  limestone  with  epidotised  beds  112-132 

Pure  fine-grained  pinkish-gray  limestone 133-134 

Arenaceous  pinkish-gray  shales 134-136 

Purer  fine-grained  dark-gray  limestone 13&-139 

light-green  shales 13^141 

Fine-grained  limestone,  thin  wavy  bands  of  epidote 141-146 

Green  shales 146-151 

Succession  of  impure  lime  and  shales 151-183 

Fine-grained  gray  limestone,  beds  of  epidote  3^  to  1  in.  thick.  183-229 

Purer  light-gray  limestone 229-245 

Coarse  sandy  limestone  with  epidotised  beds 232-245 

Thin  greenish  shales 245-253 

Coarse  limestone,  very  fossiliferous  (worm  tracks) 253-261 

Arenaceous  green  limestone 261-278 

Coarse  limestone,  thin  epidotised  bands,  some  purer,  2-ft.  beds 

forming  steps  on  surface 278-412 

Impure  limestone  green  to  brown,  thin  wavy  bands  of  epidote 
very  characteristic  on  surface  by  the  weathering  out  of  the 

epidote 413-497 

Shaly  arenaceous  limestones 497-521 

Coarse  gray  arenaceous  limestone 521-629 

Coarse  light-fp^y  crystaKne  sandy  limestone 629-684 

Coarse  cherty-banded  crystalline  white  bed-forming  cliff 684-700 

Sandy  even-grained  limestone  and  quartzite 700-798 

The  Abrigo  formation  consists  of  a  series  of  shales  and  argillaceous 
and  sandy  limestones,  with  bands  of  epidote.  These  epidote  bands 
weather  out  on  exposure  to  the  atmosphere,  giving  the  formation  a  char- 
acteristic cherty  banded  appearance.  In  the  top  beds  there  are  a  few 
bands  of  true  chert.  Undergroimd,  this  epidote  appears  as  greenish 
bands  giving  a  wavy  banding  which  readily  distinguishes  it  from  all  other 
formations,  when  the  beds  are  fresh.  About  100  ft.  from  the  top  there 
exists  a  16-ft.  bed  of  pure  white  limestone  which  forms  a  rather  prominent 
cliff  when  encountered  on  the  surface. 

Capping  Quartzite 

Lying  on  top  of  the  Abrigo,  and  with  no  apparent  angular  uncon- 
formity, is  a  persistent  bed  of  pure  quartzite  var3ring  in  color  from  white 
to  dark  red,  and  varying  from  6  in.  to  12  ft.  in  thickness,  and  locally  called 
the  Capping  Quartzite. 

Distribviion, — This  quartzite  being  more  resistant  than  the  underlying 
and  overlying  beds,  is  exposed  wherever  the  Abrigo  outcrops,  as  a  small  cliff 
or  shelf.  One  well-marked  exposure  is  found  to  the  east  of  Black  Gap,  where 
it  runs  up  the  side  of  the  hill  apparently  as  a  siliceous  dike.  Other  good 
exposures  are  found  on  Mt.  Martin,  and  southwest  of  Escabrosa  Bidge. 
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Underground,  this  bed  is  important  as  a  marker.  Due  to  its  character, 
it  is  resistant  to  metamorphism,  and  may  be  recognized  easily  even  when 
the  rest  of  the  sediments  have  been  completely  changed.  Its  thinness, 
however,  tends  to  make  it  elusive,  as  a  small  fault  frequently  will  throw 
it  out  of  an  otherwise  perfect  section. 

Age. — As  one  travels  north  through  the  State,  this  formation  becomes 
thicker,  and  in  the  Globe  district  it  attains  a  thickness  of  500  to  700  ft., 
while  that  of  the  underlying  limestone  has  decreased  to  200  ft.  Here 
there  is  a  well-marked  evidence  of  an  unconformity  between  the  lime- 
stone, which  is  capped  by  a  flow  of  basalt  of  varying  thickness,  and  the 
overlying  Troy  Quartzite,  which  is  conglomeratic  at  its  base.  While 
no  fossil  evidence  is  available,  its  relation  to  the  overlying  and  underlying 
formations  seems  to  indicate  that  it  is  probably  of  Silurian  age,  and  that 
the  Ordovician  is  represented  by  a  period  of  erosion,  when  the  area 
studied  was  very  little  above  sea  level,  since  there  is  no  apparent  angular 
unconformity  below  or  above  this  formation. 

Martin  Limestone 

Lying  conformably  above  the  Capping  Quartzite  is  300  ft.  of  limestone 
known  as  the  Martin  limestone. 

DistribtjUian, — The  exposures  of  the  Martin  limestone  are  widespread, 
especially  along  Escabrosa  Ridge,  north  of  Moore  Canyon,  in  Abrigo 
Canyon,  Escacado  Canyon,  and  on  the  southern  slopes  of  the  hills  east 
of  Mt.  Reilly.  Owing  to  the  fact  that  the  overlying  Escabrosa  limestone 
is  a  prominent  cliff-forming  bed,  the  exposures  are  apt  to  be  talus- 
covered.  The  best  complete  sections  are  obtained  on  the  northern  slope 
of  Mt.  Martin,  and  to  the  east  of  Black  Gap.  Underground,  it  is  the 
formation  most  frequently  cut  of  any  in  the  ore  zone.  For  this  reason 
it  is  usually  difficult  to  recognize  from  its  lithological  characteristics. 
The  formation  is  so  rich  in  fossils,  however,  that  even  when  much  altered, 
a  diligent  search  will  yield  some  trace  of  them.  The  formation  is 
encountered  imderground  in  every  mine  in  the  district  except  the  Wade 
Hampton,  which  is  entirely  in  Cambrian,  and  the  Denn  which  did  not 
sink  deep  enough  to  strike  it.  The  outcrop  of  this  formation  was  first 
found  in  the  Queen  opencut  near  its  top,  and  it  has  been  encountered 
at  progressively  lower  levels  from  here  down  to  the  1,600-ft.  level  of  the 
Lowell,  and  the  1,600-ft.  level  of  the  Briggs. 

Lithology. — The  Martin  limestone  is  the  most  constant  formation,  both 
in  respect  to  thickness,  and  character,  of  any  in  the  district.  Plate  3 
shows  a  comparison  of  sections  obtained  over  widely  scattered  parts  of 
the  district.  As  is  seen,  the  formation  as  a  whole  is  made  up  of  fairly 
dense  dark-gray  limestone  with  occasional  shaly  and  sandy  members, 
but  all  with  enough  lime  present  to  be  called  limestone.  It  is  all  more 
or  less  fossiliferous,  and  some  beds  are  extremely  so.  The  charac- 
teristic fossils  are  three  brachiopods,  one  a  spirifer,  one  an  atrypa,  and 
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one  a  schiaophoria,  which  all  attain  a  length  of  about  }i  to  }4  ^^*') 
they  tend  to  weather  out  on  both  surface  and  underground  exposures. 
When  the  rock  is  altered,  these  fossils  tend  to  resist  metamorphism  to  a 
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remarkable  degree,  and  it  is  not  at  all  rare  to  find  almost  perfect  fossils 
left  in  a  soft  mass  of  completely  altered  limestone.  These  fossils,  how- 
ever, are  frequently  found  completely  pyritized  when  the  surrounding 
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limestone  is  untouched.  In  one  case,  within  a  completely  oxidized  ore- 
body  of  ihe  Martin,  fossils  were  found  almost  perfect  in  form  but  com- 
pletely replaced  by  azurite.  Fortunately,  the  fossiliferous  beds  them- 
selves seem  to  be  more  easily  replaced  by  ore  solutions,  so  that  where 
metamorphism  is  most  complete,  some  fossil  evidence  may  usually  be 
found. 

The  upper  beds  of  the  formation  have  few  brachiopods,  but  are  almost 
made  up  of  corals.  On  altering,  these  beds  tend  to  take  a  pseudo  wavy 
banding,  which  makes  it  difficult  to  distinguish  from  the  Abrigo.  The 
succession  of  beds  in  these  cases  is  the  only  determining  factor. 

The  Martin  limestone  is  not  a  pure  limestone  by  any  means.  Almost 
the  whole  series  is  more  or  less  dolomitic,  more  so  than  any  other  forma- 
tion in  the  range.  It  is  also  much  more  aluminous  than  a  superficial 
examination  would  lead  one  to  suppose.  The  silica  content  is  also  high. 
Characteristic  partial  analyses  of  unaltered  specimens  of  Abrigo  and 
Martin  limestones  from  both  surface  and  underground  exposures  are 
given  in  Table  1.  These  determinations  were  made  at  the  Copper  Queen 
assay  office. 


Table  1.— 

Ancdi 

/«C8  of  Unaltered  Abrigo  and  Martin  Limestones 

Abrigo 

Martin 

Mi.  Martin  Section  Underground 

79-232 

Iffl«l«'j^ve 
base 

232- 
521  H. 
above 

base 

621- 
700  ft. 
above 

baae 

Cherty  1 
Lime- 
stone 
1.357 
Drift 

Black 
Gap« 

500  Level  Uncle 
Sam  Minei 

265* 
Drift 

1.300» 
Dallas 

1.200* 
Dallas 

j^r 

SiOt.. 

.    68.6     30.8 

35.3 

16.1 

40.4 

10.3 

39.4 

46.0 

21.7 

15.5 

45.5 

35.5 

25.2 

AW).- 

.!     9.1        4.0 

3.0 

2.1 

4.6 

2.0 

9.1 

10.8 

6.5 

3.5 

12.9 

5.0 

5.9 

MgO. 

.      4.6 

3.6 

2.3 

1.7 

2.4 

14.2 

8.8 

4.4 

13.8 

22.9 

3.8 

5.4 

8.5 

cwo.. 

.      9.8 

33.5 

31.5 

38.9 

17.8 

28.5 

6.0 

10.5 

17.8 

10.7 

13.1 

26.7 

24.7 

F*.... 

.      5.1 

2.7 

2.8 

1.5 

2.2 

I.J? 

3.7 

3.2 

2.0 

1.8 

3.0 

2.1 

1.8 

8 

.'     ..."    .... 

.... 

0.2 

0.6 

0.2 

1.5 

0.4 

0.7 

1.3 

1.9 

0.8 

0.8 

Ma... 



.... 

.... 

..... 

.... 

0.6 

0.4 

0.4 

0.3 

1  Bottom  beds.    *  100  ft.  above  Capping  Quartsite.    *  Somewhat  metamorphosed.    «  Composite 
ef  seetion.    •  200  to  300  ft.  above  Capping  Quartsite. 

As  is  seen,  the  two  formations  are  of  about  the  same  purity,  but  the 
Abrigo  contains  more  silica  than  the  Martin.  The  Martin,  however, 
is  much  more  dolomitic,  and  the  lower  beds  are  very  shaly.  The  com- 
posite from  Black  Gap  shows  that  on  the  whole  it  is  a  fairly  pure  dolo- 
mite, with  only  13  per  cent,  of  silica,  alumina,  and  iron.  The  impure 
beds  are  chiefly  at  the  bottom  100  ft.  and  the  top  50  ft.  of  the  formation. 

Age. — ^The  age  of  the  Martin  has  been  well  established  by  good  fossil 
evidence  as  Devonian.  The  best  exposition  on  the  correlation  of  these 
beds  is  found  in  the  previously  mentioned  Ransome's  report  on  the 
Bisbee  Quadrangle. 
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Escabrosa  Limestone 

IHsinhUion. — ^The  best  surface  exposures  of  this  formation  are  on 
Escabrosa  Ridge  from  Mt.  Martin  to  Mt.  Reilly,  and  on  the  southern 
slopes  of  the  hiUs  from  Mt.  Reilly  to  Gold  Hill.  The  formation  again 
appears  to  the  northward  on  Escabrosa  Ridge  southwest  of  the  Modem 
mine,  and  an  excellent  section  is  obtained  from  where  the  Borderland 
Route  turns  out  of  Tombstone  Canyon  into  the  San  Pedro  Valley. 
Underground,  the  formation  is  cut  by  all  the  shafts  from  the  Czar  to  the 
Briggs.  It  is  usually  in  the  oxidized  portions  of  the  mines,  and  as  a  con- 
sequence exposures  are  not  very  good. 

The  best  exposures  found  are  at  the  Junction  and  Sacramento  mines. 
At  the  Junction,  workings  cut  the  formation  from  the  top  to  the  bottom. 
Here,  except  for  marbleization,  the  exposures  are  good,  as  oxidation  has 
not  penetrated  nearly  as  deep  as  in  the  other  mines  of  the  camp.  At 
the  Sacramento,  exposures  are  obtained  of  the  bottom  300  ft.,  but 
marbleization  has  so  altered  the  formation  that  they  are  not  good. 

Lfithology, — ^The  Escabrosa  and  Naco  formations  represent  really  one 
period  of  deposition  during  Carboniferous  time.  The  division  of  the 
formation  as  a  whole  into  Escabrosa  and  Naco  is  largely  an  arbitrary 
matter.  Roughly  it  is  divided,  from  the  fossil  evidence,  into  Mississip- 
pian  and  Pennsylvanian,  the  former  locally  called  Escabrosa,  and  the 
latter  Naco.  This  line  of  subdivision  lies  at  approximately  800  ft.  above 
the  top  of  the  Martin  formation.  In  this  paper  the  thickness  of  the 
Escabrosa  has  arbitrarily  been  taken  as  768  ft.  irrespective  of  fossil 
evidence.  Following  is  a  detailed  section  of  Escabrosa  taken  at  Mt. 
Martin  and  northeast  of  the  White  Tail  Deer  shaft. 

Feet 

Coarse  crystalline  pink  non-fossiliferous  limestone 0-6 

Pinkish-white  to  gray  medium-grained  6-in.  to  12-in.  beds 6-60 

Massive  grayish-white  coarse  fossiliferous  cliff  beds 60-140 

Thin  gray  beds  medium  fine-grained  fossiliferous 140-145 

Coarse  massive  grayish  fossiliferous  cliff  bed 145-185 

Thin  fine-grained  fossiliferous  gray  beds 185-312 

Fine-grained  grayish-white  cherty  banded  (H  iJi.  to  3  in.) 312-479 

Coarse  massive  white  cliff  beds  fossiliferous 479-556 

Fine-grained  thin-bedded  fossiliferous 556-608 

Brown  cherty  fossiliferous  limes 608-616 

Grayish  fine-grained  thin-bedded  fossiliferous 616-648 

Pinkish  beds  medium-grained  with  some  chert 648-686 

Fine-grained  thin-bedded  soft  grayish 686-758 

Massive  dark-gray  medium-grained 758-768 

The  Escabrosa  hmestone  rests  conformably  on  the  Martin  limestone 
wherever  exposed.  The  6-ft.  pink  non-fossiliferous  bed  forming  the 
bottom  member  serves  in  unaltered  ground  as  an  excellent  marker.  The 
pure  coarse  crystalline  bed  following  is  the  most  commonly  exposed 
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member  of  all,  forming  as  it  does  the  steep  and  rugged  cliffs  of  Escabrosa 
and  Higgins  Ridges.  At  the  Mt.  Martin  and  the  White  Tail  Deer  sec- 
tions, it  contains  very  little  chert  and  abundant  crinoid  stems.  Under- 
ground exposures  appear  to  contain  considerably  more  chert  in  this 
horizon.  In  fact,  the  presence  or  absence  of  chert  beds  seems  to  be  very 
local,  and  untrustworthy  in  identifying  any  particular  horizon.  Above 
this  first  180-ft.  cliff-forming  horizon  is  a  soft  series  of  more  dense  fine- 
grained beds  with  some  chert,  followed  by  127  ft.  of  extremely  cherty 
banded  medium-grained  limestone,  which  seems  to  be  very  persistent. 
Above  this  is  a  second  thinner  cliff-forming  horizon  77  ft.  thick,  followed 
by  dense,  relatively  impure  limestone,  varying  in  color  from  brown  to 
gray  with  quite  abimdant  chert  nodules.  There  is  no  definite  marker 
between  the  Escabrosa  and  Naco.  As  previously  stated,  the  Escabrosa 
is  given  arbitrarily  a  thickness  of  768  ft. 

Naco  Limestone 

Distribution. — ^This  limestone  is  generally  exposed  on  the  top  of  the 
hills  from  Queen  Hill  to  the  east,  and  extends  over  the  productive  area 
from  the  Irish  Mag  shaft  continuously  east  until  covered  by  the  later 
conglomerate.  Good  exposures  of  Naco  are  also  found  at  the  norther- 
most  range  of  hiUs  just  south  of  Government  Draw,  and  on  Escabrosa 
Ridge  from  the  Modem  mine,  to  the  northwest,  where  it  is  finally 
covered  by  Quaternary  wash.  The  best  and  least  faulted  section  of  the 
foFHiation  is  found  in  the  Naco  Hills  about  3  miles  west  of  the  town  of 
Doii  Luis.  Underground  it  is  cut  by  all  the  shafts  from  the  Irish  Mag 
eastwards.  Practically  no  drifts,  however,  have  been  driven  in  this 
horizon,  except  possibly  at  the  upper  levels  of  the  Junction  mine,  and  the 
200-ft.  level  of  the  Lowell. 

Lithology, — A  thickness  of  1,500  ft.  has  been  measured  in  the  Naco 
Hills.  Assuming  that  the  formation  has  been  half  stripped  off  we  get 
a  probable  former  thickness  of  at  least  3,000  ft.  Compared  with  the 
Escabrosa  limestone,  it  is  generally  thinner  bedded,  and  very  much  finer 
grained,  and  contains  sonie  distinctly  shaly  members,  especially  in  the 
upper  portions.  Some  coarse-grained  beds  do  exist,  however,  which 
without  fossil  evidence  would  be  impossible  to  distinguish  from  the 
Escabrosa.  Abundant  crinoids  exist  as  in  the  Escabrosa,  but  large 
brachiopods  and  cephalopods  are  much  more  in  evidence.  The  most 
common  and  characteristic  Naco  fossil  is  a  large-sized  member  of  the 
productus  family. 

CretaceoiLS  Deposits 

Glance  Conglomerate. — Resting  on  an  extremely  uneven  erosion  sur- 
face of  Paleozoic  beds,  schist  and  granite,  is  deposited  the  Glance 
Conglomerate.  This  formation  is  exposed  over  almost  the  whole  of  the 
southern  end  of  the  range. 

Liihology. — ^This  conglomerate  is  made  up  of  partially  rounded  frag- 
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ments  of  schist,  porphyry,  both  fresh  and  sericitized,  quartzite,  and 
limestone.  These  fragments  vary  in  size  from  )^  in.  to  3  ft.  diameter 
and  are  loosely  compacted.  Almost  no  cementing  material  exists.  The 
conglomerate  as  a  whole  is  stained  a  deep  brown.  The  thickness  varies 
from  nothing  up  to  1,000  ft.,  depending  on  the  old  erosion  surface.  Where 
this  old  surface  was  fairly  well  worn  down,  as  north  of  the  Dividend  Fault 
and  on  top  of  the  Juniper  Flat  granite  mass,  the  formation  is  a  typical 
basal  conglomerate  with  rounded  pebbles  cemented  with  sand. 

Age. — The  age  of  the  formation  is  either  late  Jurassic  or  early 
Cretaceous. 

MarUa,  Mural  and  Cintura  Formations. — For  a  more  detailed  descrip- 
tion of  the  Cretaceous  beds  above  the  Glance  Conglomerate,  Ransome's 
report  may  be  referred  to.  As  these  beds  occur  outside  the  productive 
area,  no  additional  study  was  made  of  them.  The  Morita  consists  of  a 
series  of  buff  and  tawny  sandstones,  shales  and  calcareous  sandstones,  con- 
taining sparse  fossil  remains,  and  measuring  1,800  ft.  in  thickness.  This 
is  oVerlain  conformably  by  650  ft.  of  limestone  with  a  50  to  200-ft.  mem- 
ber of  pure  limestone  containing  abundant  Cretaceous  fossils. 

The  Mural  is  followed  by  the  Cintura  formation,  consisting  of  beds 
almost  identical  with  those  of  the  Morita,  with  a  thickness  of  1,800  ft., 
plus  an  unknown  amount  eroded  off.  These  Cretaceous  beds  cover 
about  two-thirds  of  the  range,  nearly  the  whole  area  northeast  of  Tomb- 
stone Canyon  and  Mule  Gulch,  and  are  finally  buried  beneath  the 
Quaternary  wash  of  Sulphur  Springs  Valley. 

B.  Igneous  Rocks  op  the  District 

The  most  important  igneous  rocks  of  the  district,  those  of  granitic 
composition,  have  been  grouped  together  in  the  United  States  Geological 
Survey  publications  on  this  region,  and  have  all  been  ascribed  to  the  same 
magma  and  general  period  of  eruption,  although  differences  in  composition, 
texture  and  field  relations  were  noted.  Notman"^  has  already  separated 
the  granite  and  the  porphyritic  rocks  by  placing  the  first  in  the  pre-Cam- 
brian,  and  Boutwell  has  found  a  basic  variety  of  porphyry  underground 
and  on  surface,  which  corresponds  probably  to  the  post-Cretaceous  dike 
described  by  Ransome  from  the  Glance  mine,'  this  latter  being  a  rock 
easily  distinguished  from  the  other  porphyry. 

Careful  search  for  field  and  petrographic  evidence  has  yielded  results 
which  allow  the  following  classification  of  the  igneous  rocks  of  the  War- 
ren district. 

Pre-Cambrian  Chranite 

On  Juniper  Flats  and  along  the  north  side  of  Tombstone  Canyon,  a 
mass  of  granite  is  exposed  which  forms  the  center  of  the  Mule  Moun- 


■: 


*  TransacHans  of  the  Institute  of  Mining  and  Metallurgy,  vol.  22,  pp.  550-562  (1913). 

•  U.  S.  Qeological  Survey,  Professional  Paper  No.  21,  p.  84  (1904). 
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tains.  The  rock  is  a  pink  or  purplish-gray  coarse-grained  granite  whose 
component  minerals  are  quartz,  orthoclase,  microcline,  a  little  biotite  and 
plagioclase  feldspar.  Accessory  minerals  can  be  seen  only  under  a  micro- 
scope in  thin  section,  such  as  apatite,  magnetite,  zircon  and  tourmahne. 
The  orthoclase  contains  microperthitic  intergrowths  of  albite,  and  dusty 
inclusions  of  iron  oxides. 

This  rock  corresponds  exactly  to  that  described  by  Ransome  as  the 
Jumper  Flats  Granite,  an  analysis  of  which  is  given  in  Professional  Paper 
No.  21  of  the  United  States  Geologiad  Survey,  as  follows: 

P«r  Cent.  Per  Cent. 

SiO, 75.86  Na,0 3.60 

AljOi 12.17  K,0 5.04 

Fe,0, 0.85  H,0- 0.27 

FeO 0.36  Hrf)+ 0.72 

MgO None  TiO, 0.21 


CaO 0.62 


99.70 

There  are  on  Juniper  Flats  some  porphyritic  alasldte  dikes  that  seem 
to  be  directly  related  to  the  granite,  but  aside  from  these,  all  other 
porphyritic  rocks  here  have  not  been  ascribed  pre-Cambrian  age. 

Fidd  Rdations. — The  Juniper  Flats  granite  has  been  found  cutting 
only  Pinal  Schist,  and  while  it  has  not  been  found  directly  overlain  by 
Paleozoic  sediments  but  covered  directly  by  Cretaceous,  pebbles  of 
microcline  and  of  microperthite  granite  have  been  found  at  the  base  of  the 
Cambrian  quartzite.  This  granite  nowhere  cuts  the  Paleozoic  sediments, 
but  it  is  itself  extensively  intruded  by  dikes  and  irregular  masses  of  the 
later  porphyries  that  do  penetrate  the  sedimentaries.  These  observa- 
tions, as  well  as  the  similarity  of  this  granite  to  other  pre-Cambrian 
granites  in  Arizona  has  led  to  the  belief  that  the  intrusion  took  place 
before  the  beginning  of  the  Paleozoic. 

In  the  area  economically  exploited  in  the  district  for  copper,  the 
Juniper  Flats  granite  has  not  been  found,  and  the  only  ore  associated 
with  the  rock  comes  in  fissure  veins  filled  with  quartz  and  some  fluorite 
with  pockets  rich  in  gold. 

Pre-CretaceoiLS  Granite  Porphyry 

The  most  important  igneous  rock  in  the  district  is  the  granite  por- 
phyry that  is  associated  with  most  of  the  orebodies,  and  whose  largest 
outcrop  is  the  mass  of  Sacramento  and  Copper  King  Hills  in  Bisbee. 

Distribution. — On  surface  this  rock  is  found  abundantly  in  the 
southwest,  or  older  portion,  of  the  Mule  Mountains,  but  the  distribution 
is  by  no  means  even.  In  the  schist,  granite,  and  Cambrian  formations 
there  are  abundant  masses  of  porphyry  in  the  form  of  dikes  and  sills, 
while  in  the  Carboniferous  only  a  few  well-marked  dikes  are  found  be- 
sides the  main  stock  of  Sacramento  Hill. 

In  Juniper  Flats  and  on  Escabrosa  Ridge  there  is  abundim^  granite 

Digitized  by  VjOOQ IC 


1412  GEOLOGY  OF  THE  WARREN  MINING  DISTRICT 

porphyry,  some  of  the  dikes  cutting  granite,  schist  and  Paleozoics  in 
their  course  from  the  north  to  the  south  side  of  Tombstone  Canyon. 
On  one  of  the  ridges  close  to  the  mouth  of  Tombstone  Canyon,  about 
opposite  the  old  Modern  mine  there  is  a  continuous  sill  of  granite  porphry 
several  hundred  feet  thick  in  Carboniferous  limestones.  This  siU  is 
remarkable  because  it  is  cut  by  dikes  of  rhyolite,  and  because  on  an  old 
erosion  surface  of  the  granite  porphyry  and  Carboniferous  limestones 
a  considerable  thickness  of  rhyolitic  lavas  has  accumulated. 

The  character  of  these  later  dikes  and  flows  is  exactly  the  same  as 
that  of  the  volcanic  plug  with  flow  structure  which  is  found  in  the  Naco 
hills  and  is  mentioned  by  Ransome  in  his  report  on  the  district.  The 
relations  in  the  locality  at  the  mouth  of  Tombstone  Canyon  leave  little 
doubt  as  to  the  great  difference  in  age  between  the  granite  porphyry 
and  the  rhyoUte,  as  the  erosion  surface  on  which  the  rhyolite  flowed  is 
probably  post-Cretaceous. 

In  the  mining  area  of  the  district  the  Sacramento  Hill  stock  has 
penetrated  between  the  Paleozoic  sediments  on  the  south  side  of  the  Divi- 
dend fault  and  the  schist  on  the  north.  The  outline  of  the  stock  is 
irregular,  and  extends  about  a  mile  from  north  to  south  and  an  equal  dis- 
tance along  the  fault.  The  only  other  porphyry  outcrop  of  any  size  in 
the  mining  area  is  the  Shattuck  dike,  which  runs  from  above  the  Spray 
mine  for  more  than  a  mile  westward.  Another  important  dike,  the  Sacra- 
mento, outcrops  a  few  isolated  places  in  the  Naco  limestone,  southward 
from  Sacramento  Hill  almost  to  the  Briggs  mine. 

In  the  underground  mine  workings,  the  relative  abundance  of  por- 
phyry intrusions  in  the  formations  lower  than  the  Carboniferous  holds 
about  the  same  as  on  surface.  Besides  the  main  mass  of  the  Sacra- 
mento Hill  intrusion  there  is  another  smaller,  laccolithic  mass  of  porphyry 
around  the  Lowell  mine.  This  body  is  connected  with  Sacramento  Hill 
and  Sacramento  dike  by  masses  of  porphyry,  none  of  which  reach  the 
present  surface,  but  which  spread  out  mostly  at  the  Carboniferous- 
Devonian  horizon.  This  mass,  with  its  accompanying  contact  breccia 
is  shown  in  Plate  6. 

The  mode  of  intrusion  of  the  granite  porphyry  and  its  relation  to  the 
structure  of  the  older  rocks  will  be  touched  upon  later.  It  will  be  enough 
to  state  here,  however,  that  the  intrusions  took  place  in  one  general 
period,  but  not  all  at  once,  nor  were  the  conditions  the  same  at  the  begin- 
ning and  end  of  the  eruptions,  or  the  composition  of  the  rock  exactly 
the  same.  Considerable  alteration  was  also  started  in  the  rocks  before 
the  last  porphyry  was  injected. 

Lithology, — Although  there  is  abundant  fresh  granite  porphyry  in  the 
district  most  of  the  rocks  around  the  ore  zones  have  been  so  altered  by 
mineralizing  solutions  that  it  is  difficult  to  find  material  which  represents 
the  original  granite  porphyry  of  the  main  masses  associated  directly  with 
the  ores.     Fortunately,  the  alteration  processes  have  been  so  varied 
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that  they  have  sometimes  left  untouched  some  of  the  phenocrysts,  at 
other  times  the  base,  so  that  from  various  sources  a  reconstruction  can 
be  made  of  what  was  for  a  short  time  the  rock  of  Sacramento  Hill  and  the 
Lowell  mass.     Of  the  dikes  fresh  rock  is  available. 

The  pre-Cretaceous  granite  porphyry  is,  when  fresh,  a  light-gray 
rock  weathering  to  a  light-red  color  on  surface.  It  has  abundant  pheno- 
cfysts,  up  to  3^  in.  in  diameter  of  feldspar,  quartz  and  biotite,  the  relative 
amounts  of  these  being  variable.  The  base  is  a  fine-grained  mass, 
almost  glassy  at  times  and  composing  from  one-half  to  about  eight-tenths 
of  the  rock.  The  microscope  shows  that  the  rock  varies  from  a  typical 
granite  porphyry  to  a  rather  basic  monzonite  porphyry,  sometimes  in 
the  same  sill  or  dike.  The  main  masses  were  probably  of  the  more  acid 
variety,  with  well-developed  quartz  phenocrysts  that  have  embayments 
due  to  reabsorption.  There  are  no  noticeable  inclusions  in  the  quartz. 
In  the  more  basic  varieties  of  the  porphyry,  quartz  phenocrysts  become 
extremely  scarce. 

The  feldspar  phenocr3rsts  are  mostly  orthoclase  with  albite  and 
oligoclase  increasing  as  the  rock  becomes  more  basic.  The  orthoclase  is 
in  large  crystals  when  it  predominates  and  in  small  ones  when  plagio- 
clases  are  abundant.  The  only  intergrowth  of  the  orthoclase  seen  is  in  the 
form  of  a  micropegmatite  with  quartz,  and  at  the  rim  of  some  large 
crystals  in  the  dikes  where  an  aureole  of  quartz  and  orthoclase  usually 
forms  around  a  pure  orthoclase  of  quartz  center.  The  plagioclases 
are  all  between  albite  and  oligoclase  and  sometimes  are  in  greater 
abundance  and  size  than  the  orthoclase. 

Biotite  is  the  only  ferromagnesian  mineral  of  any  importance  and 
comes  in  large  well-formed  crystals  as  well  as  fine  shreds.  In  most  of  the 
porphyry  it  has  been  altered  before  any  other  min^erals,  and  its  traces 
cannot  be  distinguished  megascopically,  but  in  some  of  the  more  basic 
varieties,  which  are  also  chloritized,  biotite  is  the  most  conspicuous 
phenocryst  mineral  and  gives  a  decidedly  dark  color  to  the  rock. 

The  base  of  the  porphyry  is  usually  a  cryptocrystalline  mass  of  quartz 
and  feldspar,  found  sometimes  with  a  micropegmatitic  intergrowth,  at 
other  times  with  incipient  spherulitic  growth  and  a  few  times  with  a 
holocrystalline  but  extremely  fine  crystallization. 

As  accessories,  there  are:  apatite  in  well-formed  needles  sometimes 
noticeably  abimdant,  and  generally  in  the  biotites;  very  few  grains  of 
pjTite,  and  dusty  undeterminable  inclusions  in  the  feldspars. 

The  foregoing  description  of  the  unaltered  porphyry  is  rarely  appli- 
cable to  the  rock  encountered  in  the  mining  area,  as  the  porphyry  may  be 
found  in  the  form  of  a  white  mass  of  sericite  and  quartz,  or  a  dense  dark- 
green  rock  composed  mostly  of  serpentine  and  penninite,  with  all  varia- 
tions between.  These  characteristics  will  be  considered  later  under 
metamorphism  and  mineralization. 

Age, — ^The  granite  porphyry  distinctly  cuts  the  Pinal  Schisi^  granite 
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and  all  the  Paleozoic  sediments,  while  pebbles  of  the  altered  sericitized 
and  oxidized  porphyry  are  found  at  the  base  of  the  Cretaceous  Glance 
Conglomerate.  It  is,  therefore,  certain  that  the  age  of  intrusion  is  post- 
Carboniferous  and  pre-Cretaceous.  That  the  porphyry  intrusion  did 
not  take  place  all  at  once,  is  shown  by  dikes  of  the  slightly  more  basic 
varieties  cutting  the  contact  breccias  of  the  more  acid  ones.  This  dif- 
ference in  age  is  further  emphasized  by  diflferences  in  alteration,  but,  as 
will  be  shown  later,  there  is  no  reason  to  believe  that  there  was  any  great 
interval  of  time  between  the  porphyry  injections,  but  that  they  all  belong 
to  the  same  general  period. 

RhyoKte 

This  rock  has  not  been  distinctly  recognized  in  the  mining  area  of 
the  Warren  district,  but  due  to  its  great  similarity  to  the  granite  porphyry 
it  may  have  been  confused  with  the  older  rock,  especially  where  both  are 
found  in  dikes.  The  rhyolite  from  the  mouth  of  Tombstone  Canyon, 
whose  field  relations  have  already  been  given,  is  a  gray  to  pink  rock  with 
decided  flow  structure  in  its  surface  forms.  Phenocrysts  are  not  abun- 
dant and  are  seen  under  the  microscope  to  be  entirely  quartz  and  ortho- 
clase,  in  an  aphanitic  or  cryptocrystalline  groundmass.  Some  of  the 
dikes  on  Escabrosa  ridge,  and  others  northeastward  from  the  mouth  of 
Tombstone  Canyon,  have  such  a  glassy  groundmass,  and  so  few  pheno- 
crysts of  quartz  and  orthoclase,  that  they  may  very  well  be  of  the  late 
rhyolite,  especially  as  they  are  seen  to  cut  other  porphyritic  dikes  in 
places.  The  rhyolite  of  the  Naco  Hills  described  by  Ransome  is  probably 
of  the  same  age  as  that  at  the  mouth  of  Tombstone  Canyon. 

Age, — Unfortunately  no  information  is  available  at  present  for  placing 
the  age  of  the  rhyolite  any  closer  than  post-granite  porphyry.  An 
erosion  period  separates  the  two,  but  whether  it  is  the  pre-Cretaceous  or 
post-Cretaceous  one  cannot  be  definitely  stated. 

Other  Dike  Rocks 

Hornblende  Andesite, — At  a  few  scattered  places  on  the  surface,  and 
in  the  Shattuck,  Cole,  Wade  Hampton  and  Wolverine  mines,  there  are 
dikes  of  a  dark-green,  fine-grained  rock,  which  is  seen  under  the  micro- 
scope to  be  composed  of  abundant  small  phenocrysts  of  andesineandlabra- 
dorite  and  a  few  of  hornblende,  in  a  microcrystalline  base  of  feldspar 
and  fine  magnetite  grains.  This  andesite  cuts  all  the  pre-Cretaceous 
formations,  including  the  granite  porphyry,  but  its  relation  to  the  ores  is 
not  clear.  The  rock  is  considerably  altered,  and  chloritic  minerals  espe- 
cially penninite,  as  well  as  some  pyrite,  have  been  developed.  In  a 
specimen  from  the  Wolverine  shaft  there  is  also  some  sericitization,  so 
it  is  possible  that  the  andesite  may  antedate  the  last  of  the  mineraliza- 
tion period. 

Diabase. — Olivine  and  augite  diabase  in  small  masses  and  dikes  have 
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been  found  to  .belong  to  two  distinct  periods.  The  earlier  is  folded  in 
with  the  Pinal  Schist  and  is  pre-Cambrian,  while  the  latest  cuts  the  Car- 
boniferous Umestones  and  is  entirely  unaltered.  There  is  no  known  ex- 
posure of  them  underground. 

Monzontte  Porphyry. — The  dikes  of  this  rock  mentioned  by  Ransome 
as  occurring  around  the  Glance  mine  have  not  been  studied  during  the 
preparation  of  this  report,  and  no  similar  rock  has  been  found  in  the  min- 
ing area,  imless  it  is  the  one  classified  as  andesite  porphyry,  or  the  basic 
porphyry  found  by  BoutweU. 

V.  STRUCTURAL  GEOLOGY 

General  StnucTUBB  of  Mule  Mountains 

Fault  Blocks  and  Other  Divisions 

In  this  report  the  structural  geology  will  be  confined  almost  entirely 
to  the  southwestern  part  of  the  range  covered  by  pre-Cretaceous  sedi- 
ments, as  these  play  the  most  important  part  in  the  relation  to  the  ore- 
bodies  of  the  district.  Reference  to  the  areal  geology  map,  Plate  4,  and 
sections  made  along  its  lines  A-A,  B-B,  and  C-C  shown  in  Plates  5,  6, 
and  7,  will  help  make  clear  the  following  description: 

As  previously  stated,  the  range  is  roughly  divided  by  Tombstone 
Canyon  and  Mule  Gulch  into  two  parts.  To  the  northeast,  and  forming . 
about  two-thirds  of  the  range.  Cretaceous  sediments  cover  the  whole 
area,  dipping  gently  to  the  northeast  and  north,  and  being  very  little 
faulted.  Where  cut  by  the  above-mentioned  canyons,  they  overUe  a 
nearly  level  plain  of  schist  and  granite.  This  area  wiU  be  alluded  to  as 
the  Cretaceous  Tract. 

The  area  southwest  of  the  two  canyons  is  almost  entirely  made  up  of 
much  faulted  and  intruded  schists  and  Paleozoic  sediments,  covered  at  the 
southeastern  end  by  Cretaceous  sediments  overlying  a  rough  topography 
of  Paleozoic  beds.     It  is  this  area  which  is  studied  in  detail  in  this  report. 

Referring  to  the  accompanying  sketch  map  (Plate  1)  of  the  range, 
it  is  seen  that  in  a  general  way  the  dips  of  the  Paleozoic  beds  radiate 
around  the  Juniper  Flat  granite  mass.  At  the  northwestern  end  they 
dip  to  the  north  and  northwest.  At  Mt.  Martin  and  Mt.  Ballard,  the 
dip  swings  to  the  west  and  southwest.  From  Mt.  Martin  to  the  south- 
east, the  dips  change  from  south  to  due  east.  Each  change  in  dip  and 
strike,  however,  is  generally  marked  by  a  fault,  the  beds  seeming  to  with- 
stand folding  to  a  remarkable  degree. 

In  our  division  of  this  area  into  fault  blocks,  the  divisions  given  by 
Ransome'  have  been  generally  followed,  with  a  few  minor  exceptions 
and  additions. 

Starting  at  the  north  is  the  Bisbee  Extension  Block  with  beds  dipping 
to  the  northwest,  and  disappearing  finally  to  the  north  under  Quarter- 

»Loc.  cfi.,  p.  93. 
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Dary  wash.  This  block  is  bounded  on  the  south  by  the  Modern  stock- 
work  of  granite  porphyry,  cutting  through  the  schist  and  Paleozoic 
beds  and  striking  northeast  and  southwest. 

To  the  south  of  the  Bisbee  Extension  Block  are  two  blocks,  the  Esca- 
brosa,  extending  from  the  Juniper  Flat  granite  mass  to  the  Escabrosa 
Ridge  line  of  faults  and  porphyry  intrusions,  and  the  Bisbee  West  Block 
extending  from  Escabrosa  Ridge  to  the  southwest.  The  Escabrosa 
Block  is  up-thrown  with  respect  to  the  Bisbee  West  Block,  and  consists 
ahnoet  entirely  of  schist  and  porphyry,  until  Mt.  Martin  is  reached. 
Here  we  have  the  whole  Paleozoic  section  exposed  up  to  the  middle  of 
the  Escabrosa  limestone.  The  dips  at  Mt.  Martin  are  southwest.  The 
Bisbee  West  Block  is  covered  at  the  northwest  by  Carboniferous  beds 
dipping  to  the  northwest  and  west.  These  are  followed  to  the  south  by 
Cambrian  beds,  dipping  to  the  west  and  southwest.  The  Escabrosa 
Block  is  bounded  on  the  southeast  by  the  Quarry  Fault,  beyond  which 
are  the  Copper  Queen  and  Don  Luis  Blocks.  The  Bisbee  West  Block  is 
bounded  on  the  south  by  the  Abrigo  Fault,  to  the  south  of  which  is  the 
Naoo  Block;  relatively  very  much  down-thrown.  To  the  northeast  it 
is  bounded  by  the  Bisbee  West  Fault,  to  the  north  of  which  is  the 
relatively  up-thrown  Don  Luis  Block. 

The  Copper  Queen  Block  is  down-thrown  with  respect  to  all  the 
surrounding  blocks.  It  is  bounded  on  the  north  by  the  east  and  west 
Dividend  Fault,  which  has  a  throw  of  at  least  1,500  ft.,  throwing  the 
Pinal  Schist  to  the  north  against  Paleozoic  beds  to  the  south.  It  forms 
a  block  with  the  Quarry  Fault,  a  northeast  to  southwest  fault  which  is  the 
western  boundary  of  the  block.  The  Quarry  Fault  in  turn,  forms  a  block 
with  the  White-Tail  Deer  Fault  which  is  nearly  parallel  to  the  Dividend 
Fault  and  throws  Cambrian  beds  and  Pinal  Schist  to  the  south  against 
Devonian  and  Carboniferous  beds  to  the  north.  The  block  is  finally 
covered  to  the  east  by  Cretaceous  beds  which  are  in  turn  covered  by  Qua- 
ternary wash.  To  the  southeast,  the  block  ends  abruptly  against  the 
Gold  Hill  Overthrust  Fault.  The  dips  in  the  Copper  Queen  Block  are 
generally  to  the  east  and  northeast. 

The  Don  Luis  Block  is  a  small  up-thrown  block  between  the  Copper 
Queen  and  Bisbee  West  Blocks.  The  larger  part  of  this  block  is  covered 
by  Quaternary  wash,  with  numerous  outcrops  of  schist  and  Cambrian 
beds.  The  dips  in  this  block  are  variable  but  generally  to  the  east- 
ward. 

In  addition  to  these  are  foiu*  other  blocks,  three  of  which  are  evidently 
post-Cretaoeous,  and  one  probably  so.  These  are  the  Tombstone 
Ovoihrust  Block  at  the  northwestern  end  of  the  range  thrusting  Naco 
limestone  over  Morita  sandstone;  the  Naco  Block  bounded  on  the  north 
by  the  Abrigo  Fault;  the  Gold  HiU  Overthrust  Block;  and  the  Glance 
Ovoihrust  Blocks  at  the  southeastern  end  of  the  range. 

The  Cretaceous  Tract,  except  where  the  sediments  overlie  the  pre- 
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Cambrian  granite  mass,  and  the  Sacramento  Hill  porphyry,  is  devoid  of 
igneous  rocks.  No  intrusion  has  been  observed  cutting  the  Cretaceous 
o^er  this  area. 

Igneous  Rocks 

The  pre-Cambrian  Juniper  Flat  granite  mass  has  the  form  of  a 
batholith.  The  contacts  with  the  schist  are  clean  cut.  It  probably 
forced  its  way  up  very  slowly  along  some  ancient  line  of  weakness. 
There  is  no  evidence  of  its  having  engulfed  the  schist,  as  no  horses  of 
schist  are  found  inside  the  area  exposed.  From  the  nature  of  the  schist, 
however,  it  is  difficult  to  tell  how  it  came  in. 

In  all  the  pre-Cretaceous  blocks  mentioned  above,  extensive  intru- 
sion has  taken  place  of  granite  porphyry,  followed  in  some  instances  by 
extrusive  rhyolites.  These  intrusions  and  extrusions  came  in  for  the 
most  part  along  faults  already  in  existence,  but  spread  out  in  the  less 
resistant  sediments  as  sills  and  irregular  masses.  Although  coming 
in  at  more  or  less  the  same  time,  some  dikes  clearly  cut  the  others.  The 
general  habit  of  the  porphyry  was  to  follow  some  fault  for  a  certain  dis- 
tance, and  then  cut  across  to  another  fault.  The  whole  process  suggests 
a  very  rapid  intrusion. 

In  the  Bisbee  Extension  Block,  at  the  northwestern  end  of  Esca- 
brosa  Ridge,  there  is  an  occurrence  of  extrusive  rhyolite  overlying  an 
erosion  surface  of  Naco  limestone  and  an  intrusive  porphry  aill. 

Cutting  through  the  Sacramento  Hill  porphyry,  north  of  Naco  Road, 
are  several  small  dikes  of  andesite.  This  same  andesite  occurs  cutting 
Escabrosa  limestones  near  the  Cole  shaft,  and  has  been  observed  under- 
ground near  the  Shattuck,  Wolverine  and  Wade-Hampton  mines.  At 
the  Shattuck  mine,  it  is  undoubtedly  later  than  the  porphyry.  This 
andesite  in  all  observed  cases  has  come  in  as  very  small  dikes  in  already 
opened  fissures.  In  only  one  case  has  an  outcrop  been  observed  in  higher 
beds  than  the  Martin. 

In  the  post-Cretaceous  blocks,  no  intrusions  have  been  seen  except 
in  the  Naco  Block.  Here,  at  the  north -end  of  the  block,  entering  along 
the  big  Abrigo  Fault,  an  extrusive  rhyolite  mass  has  come  in.  This 
mass  is  similar  in  all  respects  to  the  mass  mentioned  above  in  the  Bisbee 
Extension  Block.  Except  for  this  one  case,  the  large  faults  of  post- 
Oetaceous  age  have  not  been  accompanied  by  igneous,  intrusion. 

The  most  important,  economically,  of  all  these  igneous  rocks  is  the 
granite  porphyry,  as  it  alone  seems  to  play  an  important  rdle  in  the 
processes  of  ore  deposition.  By  far  the  greater  amoxmt  of  porphyry 
in  the  district  cuts  through  with  clean  contacts.  The  one  exception  to 
this  rule  is  the  mass  of  Sacramento  Hill.  The  mode  of  intrusion  of  this 
particular  mass  is  somewhat  different  from  all  the  others,  due  to  the 
accompaniment  of  mineralizing  emanations.  This  will  be  more  fully 
treated  later. 
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Copper  Queen  Block 

FauU  Blocks 

From  an  economic  viewpoint,  the  Copper  Queen  and  Don  Luis  Blocks 
are  at  the  present  time  the  only  important  ones  in  the  range,  and  these 
two  blocks,  together  with  the  mode  of  intrusion  of  the  Sacramento  Hill 
porphyry  mass,  will  be  more  fully  explained  below. 

The  Copper  Queen  Block,  whose  details  are  best  shown  by  Plate  8, 
lies  in  the  heart  of  the  range.  It  is  a  relatively  down-thrown  block,  being 
bounded  on  the  north  by  the  Dividend  Fault,  a  N.  75®  W.  fault  dipping 
to  the  south  from  60®  to  vertical.  This  fault  has  an  estimated  throw  at 
the  town  of  Bisbee  of  at  least  1,500  ft.  throwing  Pinal  Schist  with  a  few 
outUers  of  Bolsa  Quartzite  on  the  north  against  Paleozoic  pediments  to 
the  south.  This  fault  apparently  forms  a  block  to  the  west  with  the 
Quarry  Fault,  a  N.E.-S.W.  fault  which  forms  the  western  boundary  of 
the  area.  To  the  south,  the  block  is  bounded  by  the  White-Tail  Deer 
Fault  system  parallel  to  the  Dividend,  throwing  Bolsa  quartzite  and 
schist  to  the  south  against  Abrigo  and  Martin  limestones,  to  the  north. 
To  the  east,  the  block  is  covered  by  Glance  conglomerate  and  Moritii 
sandstone,  which  are  in  tiu'n  covered  by  the  Quaternary  gravels  of  Sulphur 
Springs  Valley.  In  the  southeast,  the  block  ends  abruptly  at  the  Gold 
Hill  Overthrust  Fault. 

Starting  somewhere  near  the  Spray  shaft,  the  block  is  cut  by  a  N.W.- 
S.E.  fault  of  considerable  throw,  the  Oliver  Fault,  which  dips  about  60^* 
S.W.  This  fault  increases  in  magnitude  toward  the  southeast  and  where 
it  is  finally  covered  by  Quarternary  wash,  about  halfway  between  Don 
Luis  and  the  Country  Club,  it  throws  Abrigo  limestone  to  the  northeast 
against  Naco  limestone  to  the  southwest,  a  throw  of  at  least  1,500  ft. 
This  fault  is  encoimtered  in  the  Spray,  Oliver  and  Cole  workings.  At 
the  Spray  the  throw  is  about  200  ft.;  at  the  Oliver  it  throws  Abrigo  lime- 
stone against  Escabrosa  with  a  throw  of  at  least  500  ft.  It  finds  topo- 
graphic expression  in  the  big  draw  between  the  Dallas  and  Cole  shafts. 

The  Copper  Queen  Block,  as  seen  by  Plate  8,  may  be  roughly  divided 
into  eight  structural  blocks.  Starting  from  the  west,  we  have  first  the 
Hedberg  Block,  relatively  down-thrown,  and  with  dips  generally  to  the 
south.  This  is  followed  by  the  Higgins  Block,  up-thrown  with  dips  to 
the  east  and  southeast.  Following  this  is  the  Southwest  block,  bounded 
on  the  east  by  the  Czar  fault  system,  and  on  the  west  by  the  Escacado 
fault  system.  This  block  is  down-thrown  relative  to  the  Higgins  Block 
but  up-thrown  in  relation  to  the  Queen  Hill  Block  to  the  east.  The 
dips  here  are  nearly  due  east.  The  Queen  Hill  Block  is  a  funnel-shai>ed 
block  of  Naco  and  Escabrosa  limestone.  It  is  well  shown  in  section 
A-A,  Plate  5.  It  is  bounded  on  the  west  by  the  Czar  fault  system,  and 
on  the  east  by  the  Silver  Bear  Fault.    The  dips  on  the  surface  are  irregular 
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but,  in  general,  to  the  east.  Underground,  below  where  the  two  faults 
wedge  out,  the  dips  are  consistently  east.  Surrounding  Sacramento 
Hill,  to  the  south  and  southwest  is  a  dropped  block,  which  we  may  call 
the  Contact  Block.  It  is  bounded  on  the  north  and  northeast  by  the 
Dividend  Fault  and  Sacramento  Hill,  and  on  the  south  and  southwest 
by  the  Dixie-Howell-Senator  Faults.  To  the  southwest  of  this  Contact 
Block  and  up  to  the  Oliver  Fault  is  the  Oliver  Block  of  relatively  up- 
thrown  beds.  Southwest  of  the  Oliver  Fault  is  the  Cole  Block  and 
northeast  of  the  same  fault  is  the  Briggs  Block  which  extends  east  to  the 
poet-Cretaceous  Mexican  Canyon  Fault.  The  dips  of  all  these  blocks 
more  or  less  surrounding  Sacramento  Hill  are  nearly  due  east.  The 
Oliver  Fault  has  tended,  however,  to  swing  the  up-thrown  side,  especially 
where  the  throw  becomes  greatest,  around  to  the  northeast  as  is  shown  in 
the  detailed  geological  map  of  the  district,  Plate  4. 

To  the  east  of  all  these  blocks  is  an  eighth  block,  the  Bakerville  Block, 
almost  entirely  covered  by  Glance  Conglomerate.  This  block  is  bounded 
on  the  west  by  the  Mexican  Canyon  Fault,  striking  about.  N.  15°  to  30° 
east  and  dipping  to  the  northwest.  This  fault  is  a  late  one  and  extends 
beyond  the  Dividend  Fault,  causing  the  prominent  dislocations  of  the 
Mural  Limestone  seen  noi-th  of  Lowell  and  Warren. 

As  is  shown  in  section  B-B,  Plate  6,  the  apparent  dip  of  the  beds  in 
the  whole  block  is  very  much  less  than  the  actual.  This  is  due  to  minor 
faulting  or  sUpping  which  has  had  the  eflFect  of  dropping  the  beds  very 
consistently  to  the  west  and  raising  them  to  the  east.  This  is  one  of  the 
typical  structural  features  of  the  camp  and  seems  to  be  caused  by  the 
extreme  resistance  of  the  beds  to  folding. 

There  are  two  ages  of  faulting,  one  pre-Cretaceous  and  the  other  post- 
Cretaceous.  As  has  previously  been  shown,  the  porphyry  in  the  district 
is  pre-Cretaceous.  The  age  of  the  faulting  has  therefore  been  determined 
in  large  part  relative  to  the  age  of  intrusion.  The  only  large  fault  which 
is  definitely  post-Cretaceous  is  the  Mexican  Canyon  Fault.  As  the  fault 
apparently  blocks  with  the  Oliver  Fault  as  shown  in  Plate  8,  the  Oliver 
is  probably  also  post-Cretaceous.  This  is  borne  out  by  the  character  of 
the  exposures  underground.  There,  practically  no  mineralization  accom- 
panies it,  and  in  Oliver  ground  it  apparently  cuts  off  an  orebody,  which  as 
will  be  seen  later,  would  make  it  post-Cretaceous.  Both  of  these  faults 
have  the  same  effect,  that  is  to  raise  the  sediments  to  the  east,  and  to 
drop  them  to  the  west.  The  probability  is  that  the  Junction  Fault, 
shown  in  section  B-B,  Plate  6,  is  also  post-Cretaceous,  as  it  is  reported 
to  cut  off  certain  parts  of  the  Junction  orebodies,  and  it  is  also  possible 
that  a  large  part  of  the  north  to  south  slipping  in  Lowell  and  Gardner 
ground  is  also  post-Cretaceous.  Here  the  throw  of  each  individual  fault 
is  so  slight,  and  the  ground  so  highly  metamorphosed,  that  it  is  not 
susceptible  of  proof  one  way  or  another. 


Digitized  by 


Google 


1428  GBOLOGT  OP  THE  WABRBN  MINING  DISTKICT 

All  other  faults^  so  far  as  observed,  have  had  their  major  movements 
in  pre-Cretaceous  time  and  before  the  introduction  of  the  porphyry. 
Some  faults  have  had  movements  in  both  ages.  The  Dividend  shows 
some  movement  at  the  present  time,  and  enough  movement  occurred 
in  post-Cretaceous  time  to  throw  out  the  Glance  Conglomerate.  Some 
post-intrusion  slipping  has  also  undoubtedly  taken  place  along  the 
Czar  Fault. 

Intrtbsions 

As  has  previously  been  shown,  the  block  has  been  extensively  intruded 
by  granite  porphyry.  The  largest  and  most  important  mass  is  that  of 
Sacramento  Hill,  the  other  occurrences  being  more  or  less  radial  offshoots 
of  dikes  and  sills  from  this  central  mass.  It  has  also  been  shown  that 
underground  exposures  below  the  Escabrosa  horizon  are  much  greater 
than  surface  exposures. 

The  path  of  the  Sacramento  Hill  porphjrry  was  the  previously  opened- 
up  Dividend  Fault.  Underground  development  has  shown  that  the 
porphyry  acted  as  a  plug,  and  that  none  of  the  later  movements  on  the 
fault  have  taken  place  along  the  original  line  through  the  mass.  The 
offshoots  of  the  mass  have  generally  followed  major  lines  of  weakness 
such  as  the  Czar,  and  Silver  Bear  Faults.  Some,  however,  such  as  the 
Shattuck  dike,  have  cut  across  the  country  irrespective  of  fault  lines. 

The  SacramentaHill,  and  the  connecting  Lowell,  mass  differ  from  all 
the  other  porphyry  occurrences  in  the  range,  in  that  they  were  accom- 
panied by  mineralizing  emanations,  which  have  completely  altered  them. 
These  emanations,  besides  altering  the  porphyry  itself,  changed  and  broke 
up  the  surrounding  sediments.  In  consequence  of  this,  as  the  mass 
worked  its  way  up,  it  dragged  in  pieces  of  schist,  quartzite  and  limestone 
along  its  ed^es.  The  final  result  was  a  central  core  of  metamorphosed 
porphyry,  with  a  periphery  of  contabt  breccia,  made  up  of  highly  silicified 
and  altered  fragments,  sometimes  rounded  and  sometimes  angular,  of 
schist,  porphyry,  quartzite  and  metamorphic  limestones.  This  contact- 
breccia  zone  has  a  variable  width,  with  a  maximum  of  about  1,000  ft. 
It  has  fairly  sharp  contacts  with  the  surrounding  limestone,  but  tends  to 
grade  off  into  brecciated  porphyry,  and  finally  blocky  unbroken  porphyry, 
toward  the  center  of  the  intrusive  mass. 

Don  Luis  Block 

The  Don  Luis  Block  is  an  elliptical-shaped  block  up-thrown  relative 
to  the  Copper  Queen.  It  is  bounded  on  the  north  and  east  by  the  White- 
Tail  Deer  fault  system,  throwing  Abrigo  and  Martin  limestone  against 
schist,  Bolsa,  quartzite,  and  some  Abrigo  limestone.  To  the  south  it 
is  bounded  by  the  Bisbee  West  Fault,  which  is  covered  by  the  Quaternary 
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wash  toward  the  east  and  toward  the  west  it  is  bounded  by  the  Quarry 
Fault.  The  dips  are  variable,  but  for  the  most  part  are  to  the  northeast 
and  east. 

Intrusions  and  Orebodies 

The  block  is  intruded  both  by  granite  porphjrry  and  by  andesite,  the 
latter,  however,  not  outcropping.  There  are  two  ore  occurrences  in  the 
block,  one  at  the  northern  boundary,  and  rightfully  in  the  Copper  Queen 
Block,  and  one  at  the  southeastern  end.  The  first  of  these,  the  White- 
Tail  Deer  orebody,  occurs  as  a  replacement  of  Abrigo  limestone,  about 
50  ft.  from  the  base  of  the  Martin.  It  is  not  associated  with  any  known 
intrusion,  but  is  close  to  the  White-Tail  Deer  fault  system.  The  second 
occurrence  is  that  of  the  Wade-Hampton.  Here  the  ore  occurs  as  lead 
and  copper  ore  In  a  fault  separating  Abrigo  limestone  from  Bolsa  quart- 
zite.  The  ore  here  is  apparently  associated  with  a  dike  of  andesite  and 
•  occurs  in  the  crushed  Abrigo  limestone  on  the  fault. 

VI.  GEOLOGIC  HISTORY 

The  earliest  geologic  age  is  recorded  in  the  district  by  the  pre- 
Cambrian  Pinal  Schist.  As  has  been  previously  stated,  this  was  probably 
derived  from  arenaceous  sediments. 

Due  to  the  extreme  metamorphism,  the  geologic  history  subsequent 
to  the  deposition  of  these  early  sediments,  and  up  to  the  deposition  of 
the  Cambrian  sediments,  is  obscure.  The  sediments  were  probably 
subjected  to  extreme  folding,  intruded  by  diabase,  and  deeply  buried. 
After  the  metamorphism  was  complete,  the  schist  was  intruded  by  a 
large  mass  of  granite.  From  then  on  to  Cambrian  time,  erosion  worked 
on  the  whole  complex,  wearing  it  down  to  an  even  peneplain. 

At  the  beginning  of  Cambrian  time,  a  gentle  subsidence  took  place, 
resulting  in  shore-line  deposits  of  quartzites,  the  subsidence  becoming 
more  rapid  toward  the  end  of  the  period,  in  which  time  were  deposited 
finer  sands  and  some  shales.  The  land  surface  toward  the  end  of  the 
Cambrian  period  became  more  distant,  as  evidenced  by  the  deposition 
of  the  Abrigo  shales,  and  shaly  limestones. 

At  the  end  of  Cambrian  time,  a  gentle  rise  took  place  over  an  extensive 
area,  bringing  the  flat  sea  bottom  close  to  the  surface,  with  land  actually 
emerging  probably  toward  the  south.  During  the  Ordovician  and 
Silurian  ages,  this  lowland  surface  of  Cambrian  beds  was  subjected  to 
slow  erosion  simultaneously  with  the  deposition  in  the  district  of  an  8-ft. 
bed  of  quartzite.  A  slow  subsidence  then  took  place  to  the  north  of  the 
district,  allowing  the  thicker  deposits  of  quartzite  in  the  Yellowstone 
Range  of  40  ft.,  and  at  Globe  of  500  to  700  ft. 

At  the  end  of  the  Silurian,  a  sudden  subsidence  took  place,  resulting 
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in  deeper-sea  conditions  and  thus  the  Devonian  age  is  represented  by 
fairly  pure  dolomitic  limestones. 

The  sea  evidently,  continued  to  deepen  all  through  Mississippian 
time  with  the  deposition  of  the  pure  Escabrosa^  limestone.  During 
Pennsylvanian  time,  subsidence  did  not  keep  pace  with  deposition  and  the 
sediments  became  increasingly  more  shaly,  and  cherty  showing  a  nearer 
approach  of  land  surface  and  shallower  seas.  At  the  end  of  the  Pennsyl- 
vanian, and  probably  during  the  Permian  age,  a  violent  uplift  took  place, 
resulting  in  the  doming  of  the  sediments  around  the  pre-Cambrian  granite 
mass.  The  sediments  were  shattered  by  extensive  faults,  the  major  lines 
of  weakness  being  northwest  and  southeast.  The  granite  mass  itself 
resisted  this  shattering  to  a  great  degree  except  around  its  edges.  Imme- 
diately following  the  faulting,  or  partly  accompanying  it,  granite  porphyry 
was  intruded,  following  generally  the  major  lines  of  weakness,  but  also 
shooting  sills  and  dikes  into  the  less  resistant  sediments.  Accompanying 
one  of  these  porphjrry  intrusions,  that  of  Sacramento  Hill,  were  mineral-  . 
izing  emanations,  which  metamorphosed  the  surrounding  sediments  and 
the  porphyry  itself,  and  were  the  source  of  our  present  orebodies. 

During  Jurassic  and  Triassic  time,  the  whole  area  was  subjected  to 
erosion,  during  which  time  most  of  the  upper  Carboniferous  beds  were 
stripped  off,  and  at  the  crest  of  the  dome,  around  the  granite  and  schist 
of  Juniper  Flat,  the  old  pre-Cambrian  complex  was  laid  bare.  During 
this  erosional  period,  the  orebodies  were  subjected  to  oxidation,  which 
would  place  the  age  of  primary  ore  formation  definitely  at  or  near  the 
age  of  the  uplift. 

At  the  end  of  this  period,  a  remarkably  sudden  subsidence  took  place, 
before  any  of  the  land  except  the  top  of  the  dome  had  been  leveled  off, 
and  the  rough  topography  surrounding  was  filled  up  with  the  extremely 
coarse  Glance  Conglomerate.  The  subsidence  was  so  sudden  that  the 
fragments  making  up  this  conglomerate  were  hardly  worked  over  at  all, 
it  being  made  up  of  angular  boulders,  some  as  large  as  a  yard  in  diameter, 
of  schist,  quartzite  and  limestone.  The  roughness  of  this  old  topography 
is  well  shown  in  the  basin  covered  by  conglomerate,  in  which  the  town  of 
Warren  is  situated. 

After  the  whole  country  was  leveled  off  by  the  Glance  Conglomerate, 
the  subsidence  became  less  rapid,  and  shore-line  deposits  of  sandstones 
and  sandy  shales  were  laid  down,  followed  by  deeper-sea  conditions,  dur- 
ing which  the  pure  Mural  Limestone  was  deposited,  showing  abundant 
Cretaceous  (Comanche)  fossils.  Shore-line  deposits  followed  this  again 
to  the  end  of  Cretaceous  time. 

During  Tertiary  time,  a  second  uplift  took  place,  along  almost  the 
same  axi^  as  the  previous  one.  This  also  took  the  form  of  a  dome  around 
the  old  granite  mass,  and  the  Escabrosa  Ridge  porphyry  intrusion.  ,  This 
uplift,  however,  was  not  as  violent.     It  was  accompanied  by  extensive 
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block  faulting,  with  little  disturbances  of  the  beds  within  the  blocks.  The 
major  faults  took  the  form  of  overthrusts,  the  largest  being  the  Tombstone 
and  Gold  Hill  faults.  Either  accompanying  the  uplift  or  subsequent  to 
it,  some  intrusion  of  monzonite  porphjrry  took  place,  at  the  southern  end 
of  the  range.  Probably  some  of  the  extrusive  rhyolite  also  belongs  to 
this  age  of  intrusion.  ^  Finally  the  whole  range  was  subjected  to  a  tilt 
to  the  northeast  of  about  15*^. 

From  then  on  to  the  present  time,  erosion  has  been  steadily  at  work, 
and  has  again  laid  bare  the  old  pre-Cretaceous  sediments  along  the  crest 
of  the  dome,  with  Cretaceous  beds  exposed  to  the  northeast.  To  the 
southwest,  the  Cretaceous  has  been  all  eroded,  due  to  the  final  tilting. 
The  only  evidence  left  of  the  second  doming  is  found  at  the  southern  end 
of  the  range,  as  shown  by  Plate  1.  During  this  last  erosion  period  the 
orebodies  have  been  further  subjected  to  oxidizing  and  enriching  processes, 
so  that  we  owe  their  condition  as  we  find  them  today,  to  two  widely 
separated  periods,  in  each  of  which  the  original  (primary  ores  were 
worked  over  by  surface  waters. 

VII.  METAMORPHISM  AND  MINERALIZATION  ' 

General  Metamorphism 

In  a  region  that  has  been  subjected  to  as  many  geological  changes  as 
the  Warren  district,  it  was  to  be  expected  that  the  rocks  would  show 
many  variations  in  texture  and  mineralogy  from  the  unaltered  types. 
The  effects  of  regional  metamorphism  as  well  as  dynamic  are  represented 
in  the  Pinal  Schist  as  has  been  shown  in  describing  the  lithological 
characters  of  this  formation. 

The  Cambrian  formations  have  also  been  changed  throughout  their 
occurrence  in  the  district  by  a  process  related  to  regional  metamorphism 
in  the  wide  scope  of  its  action.  The  induration  of  the  pure  Bolsa  quartz- 
ite  has  gone  on  until  it  is  of  glassy  texture,  but  in  the  clayey,  magnesian 
Abrigo  limestone,  besides  the  segregation  of  chert,  the  impurities  have 
everywhere  combined  into  such  minerals  as  epidote,  zoisite,  chlorite, 
serpentine,  and  possibly  albite.  No  such  action  is  at  all  observed  in  the 
conformably  overlying  Martin  limestone,  which  strongly  suggests  that 
the  changes  took  place  in  the  long  period  separating  the  middle  Cambrian 
from  the  Devonian.  But  since  field  evidence  excludes  any  great  disturb- 
ance during  the  unrepresented  period,  it  is  probable  that  the  general 
metamorphism  in  the  Abrigo  was  caused  by  the  deep  burial  under  more 
than  4,000  ft.  of  overlying  limestones  after  the  impurities  in  the  beds  had 
had  a  chance  to  segregate  and  rearrange  themselves  due  to  the  slow  action 
of  cold  surface  solutions  during  Ordovician-Silurian  times.  The  neces- 
sary temperature  conditions  were  probably  obtained  by  the  rise  in  iso- 
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therms  due  to  deep  burial  and  to  the  post-Carboniferous  intrusive  period 
when  a  general  rise  in  temperature  could  effect  changes  in  the  more 
susceptible  impure  sediments. 

Whether  this  tentative  explanation  is  correct  or  not,  the  importance 
of  recognizing  the  general  distribution  in  the  Abrigo  of  minerals  which 
may  be  mistaken  for  indications  of  contact  metamorphism  cannot  be 
overemphasized.  This  formation  is  of  considerable  economic  importance 
and  the  imdergroimd  Search  for  ores  cannot  be  aided  by  the  same  indi- 
cations as  in  the  higher  limestones. 

Contact  and  Htdrothbrmal  Metamorphism 

That  the  granite-porphyry  intrusion  was  the  supreme  factor  in  the 
ore  deposition  of  the  district  cannot  be  doubted  in  view  of  the  intimate 
association  of  the  ores  with  the  porphyry  and  the  intense  changes  that 
have  taken  place  in  the  rocks  around  the  main  intrusions. 

It  has  been  customary  to  separate  the  metamorphism  of  the  rocks 
around  a  contact  into  contact  metamorphism,  caused  by  the  igneous  rock 
itself,  and  hydrothermal  metamorphism,  caused  by  the  heated  solutions 
emanating  from  the  cooling  magma.  This  distinction  will  not  be  made 
in  the  present  article,  because  there  has  been  nothing  found  by  the  authors 
to  indicate  that  there  is  any  genetic  difference  in  the  causes  for  changes 
in  the  rocks,  outside  of  differences  in  intensity  or  quantity.  The  differ- 
ences in  effeda  are  not  to  be  confused  with  the  causes,  as  the  first  are 
subject  to  the  many  variations  of  the  rocks  encountered,  their  physical 
and  chemical  differences,  and  their  previous  alteration.  The  metamor- 
phosing agencies  vary  also  with  the  distance  from  their  source  in  the 
effect  they  may  have  on  the  same  rock,  but  all  changes  observed  so  far 
have  usually  been  graded  and  not  susceptible  to  sharp  definition. 

In  general,  it  may  be  stated  that  the  two  main  centers  of  porphyritic 
intrusion  are  also  the  centers  of  metamorphism.  Around  Sacramento 
Hill  the  effects  of  metamorphism  can  be  seen  on  the  surface,  but  around 
the  Lowell  center  the  alteration  did  not  extend  through  the  covering  of 
upper  Carboniferous  limestone.  The  effects  around  Sacramento  Hill 
are  more  pronounced  on  the  side  of  the  calcareous  sediments,  which  have 
been  so  much  more  altered  than  the  schist  of  the  north  side.  The  por- 
phyry on  the  south,  as  well  as  the  covering  remnants  of  contact  breccia, 
are  highly  silicified  and  stand  out  as  the  crest  of  Sacramento  Hill.  The 
topographical  depression  around  this  hill  is  due  to  less  silicified  porphyry 
breaking  through  the  contact  breccia  where  this  last  turns  from  a  more 
or  less  vertical  to  a  horizontal  body.  Outside  of  this  moat-like  depression 
is  a  ring  formed  by  the  highly  silicified  contact  breccia  which  grades  into 
silicified  metamorphic  limestone,  and  this  into  limestone  with  a  decreas- 
ing amoimt  of  metamorphic  minerals  until  a  belt  of  mturbleized  rock  is 
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reached,  from  200  to  1,000  ft.  away  from  the  porphyry.  The  zone 
of  recrystallization  also  fades  outward  irregularly  to  the  imaltered 
sediments. 

On  the  north,  or  schist  side  of  the  contact,  there  is  some  silicification 
of  the  older  rock,  accompanied  by  considerable  pyritization,  but  this 
very  soon  fades  out  into  the  unaltered  schist. 

Underground,  in  tracing  out  the  zones  of  rock  alteration  due  to  the 
intrusion  and  its  accompanying  solutions,  it  has  been  foimd  that  they 
roughly  correspond  to  the  ones  just  mentioned  as  ap{>earing  on  surface, 
with  the  following  general  modifications:  The  zones  extend  farther  than 
the  general  surface  contours  along  extensions  of  the  porphyry  mass, 
especially  the  zone  in  Lowell  ground,  and  along  lines  of  fracturing  which 
may  or  may  not  also  be  lines  of  faulting.  The  extent  of  the  zones  is 
remarkably  influenced  by  the  formation  they  are  traced  in,  the  changes 
going  farthest  at  the  top  of  the  Devonian  and  the  top  of  the  Cambrian. 
Local  variations  sure  found  to  break  the  arrangement  of  the  zones  of 
alteration  where  there  are  minor  centers  of  strong  action,  such  as 
close  to  the  Shattuck  dike  in  the  Uncle  Sam  and  Shattuck  ground,  in 
the  Southwest  mine,  and  in  several  other  places. 

The  Effect  of  Contact  and  Hydrothermal  Metamorphism  on  the  Formations 

Before  taking  up  the  effects  of  contact  and  hydrothermal  alteration 
on  the  rocks  of  the  district  it  is  well  to  state  that  hydrous  metamorphism 
or  oxidation  has  obscured  or  complicated  in  a  great  measure  the  results 
of  contact  metamorphism,  and  in  many  cases  made  the  exact  separation 
of  the  process  involved  too  difficult  and  useless  to  be  undertaken  in  the 
course  of  economic  work. 

The  changes  due  to  circulation  of  meteoric  waters  will  be  taken  up 
later.  The  mine  workings  have  now  gone  down  far  enough  in  all  zones 
to  disclose  the  fact  that  there  is  a  depth  below  which  the  rocks  as  well  as 
the  ores  are  different  from  those  closer  to  the  surface.  Here  there  are 
none  of  the  minerals  evidently  due  to  the  process  of  oxidation,  and  miner- 
alogical  associations  continue  the  same  indefinitely  downward,  without 
the  vertical  variations  of  the  upper  portions.  This  is  the  criterion  that 
has  been  used  in  separating  the  effects  of  primary  and  secondary  processes 
in  the  rocks  and  in  the  ores.  Though  not  found  in  this  order  in  the  mines^ 
primary  effects  will  be  considered  first. 

As  a  whole  the  impression  given  by  the  rock  alterations  in  the  Warren 
district  is  one  of  abundance  and  persistence  rather  than  great  intensity. 
There  are  no  high  temperature  minerals  developed  in  any  great  amount, 
or  if  they  were  developed  at  some  stage,  they  have  now  been  replaced. 
Garnet,  diopside,  woUastonite,  scapolite,  and  vesuvianite  have  been  ob- 
served, but  in  very  small  amount,  and  never  forming  an  important  part 
of  a  formation.     Tremolite,  actinolite,  and  edenite  are  far  more  common. 
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The  distinguishing  minerals  of  alteration  zones  are  quartz^  sericite, 
chlorites,  especially  penninite,  and  the  oxides  of  iron,  magnetite  and 
spccularite,  as  well  as  the  metallic  sulphides  of  iron,  copper,  zinc  and  lead. 

Metamorphism  in  Contaci  Breccia 

Around  any  of  the  granite  porphyry  that  has  been  accompanied  by 
mineralizing  emanations, .  such  as  that  of  Sacramento  Hill,  the  contact 
breccia  is  marked  generally  by  an  extreme  amount  of  silica  which  re- 
places all  other  gangue  and  rock-forming  minerals.  Pyrite  and  sericite 
are  next  in  abundance,  with  chloritic  minerals  in  variable  amounts  and 
calcite  practically  unknown.  Schist  and  quartzite  fragments  have 
naturally  remained  the  least  altered  in  this  mass  and  are  consequently 
recognized  most  easily.  In  this  contact  breccia,  or  at  the  edges,  there  are 
bodies  of  intergrown  magnetite,  hematite  and  pyrite,  with  associations 
of  the  best-formed  garnet,  woUastonite,  and  other  contact  minerals. 
Silicification  usually  decreases  toward  the  outer  edge  of  the  breccia, 
sericite  and  chlorites  increasing.  In  many  thin  sections  studied,  the 
prevailing  impression  gathered  is  that  in  most  of  the  breccia  siUcification 
is  the  last  process  involved,  following  sericitization  and  chloritization. 

There  are,  however,  distinctly  later  porphyry  dikes  cutting  the  breccia, 
as  has  already  been  stated,  which  have  also  been  accompanied  by  metamor- 
phosing emanations,  the  result  being  a  complication  and  confusion  of  the 
processes  involved.  Certain  highly  chloritized  portions  of  the  breccia, 
where  penninite  replaces  quartz  in  a  noticeable  way,  are  the  result  of 
these  eonditions,  which  are  economically  important,  since  copper  minerals 
are  concentrated  in  very  pure  form  by  the  superimposed  alteration. 
There  are  also  other  observed  forms  of  this  repeated  alteration  depending 
on  the  variations  of  either  the  first  or  the  last.  But  it  is  generally  true 
that  the  second  process  never  reaches  the  point  of  adding  silica  or  even 
adding  sericite  to  the  previously  changed  rocks. 

Metamorphism  in  the  Contact  Limestones 

The  transition  from  breccia  to  limestone  that  can  be  recognized  is 
apt  to  be  very  sudden  in  the  Carboniferous  horizons,  and  graded  in  those 
below.  This  is  because  the  alteration  of  the  lower  limestones  is  more 
pronounced.  The  impure,  and  at  the  same  time  easily  crushed,  Devonian 
and  Cambrian  formations  become  a  mass  of  sericite,  penninite,  calcite, 
and  quartz,  with  some  tremolite,  garnet,  diopside,  wollastonite,  and 
epidote,  while  the  Escabrosa  limestone  usually  has  just  a  narrow  fringe 
or  a  few  bands  of  metamorphic  minerals  and  the  mass  of  the  rock  is  simply 
recrystallized  to  marble.  As  extremes  of  alteration  in  this  contact  zone 
there  are  places  where  the  limestone,  especially  the  Devonian,  is  con- 
verted into  a  highly  sericitic  or  chloritic  mass,  or  into  almost  pure  quartz. 
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There  is  some  evidence  in  this  zone  also  that  silicification  is  the  last  process 
affecting  the  rocks  under  ordinary  conditions. 

Farther  from  the  contacts  or  the  centers  of  mineraUzation  the  changes 
visible  in  the  limestone  are  a  decrease  in  silica  and  sericite  in  all  the  rock, 
while  these  minerals  may  persist  in  breaks  and  joints.  Recrystallization 
of  calcite,  but  not  of  the  impurities,  is  very  conunon. 

In  this  contact  zone  the  accumulation  of  sulphides  is  marked  by  the 
increase  in  either  sericite,  siUca,  or  chloritic  minerals  around  the  sulphides. 

Metamorphism  OiUside  of  Contact  Zones 

Sometimes  rocks  with  considerable  alteration  are  encountered  far 
from  any  known  porphyry,  in  which  case  it  may  be  that  solutions  have 
traveled  along  fractures,  or  that  they  may  have  come  with  undiscovered 
porphyry.  Usually,  however,  the  copper  ores  have  been  found  replacing 
the  limestone  very  much  farther  away  than  any  general  alteration  of  the 
formations,  in  which  case  the  transition  from  fairly  unaltered  rock  to 
sulphides  is  sudden,  but  bears  some  relation  to  the  local  structure. 

Metamorphism  of  the  Porphyry 

The  primary  solutions  emanating  from  the  granite  porphyry  affect 
that  porphyry  in  about  the  same  way  as  they  do  the  adjacent  rocks.  If 
the  nearby  rocks,  whatever  they  may  be,  are  silicified,  the  porphyry  will 
be  also.  If  sericitized  or  chloritized,  the  same  processes  will  have  affected 
the  igneous  rock.  The  main  difference  comes  in  the  relative  amount  of 
sulphides  which  have  formed  during  these  changes.  Of  course,  the  same 
minerals  will  not  form  in  limestone  as  in  igneous  rock,  but  an  increase  or 
decrease  in  siUca  or  magnesia  or  iron  will  be  parallel  in  both  cases. 

The  main  mass  of  Sacramento  Hill  is  so  highly  altered  that  a  thin 
section  of  this  rock  shows  only  a  mat  of  sericite  plates,  with  variable 
amounts  of  quartz,  pyrite,  and  chlorite,  without  much  being  left  to  dis- 
tinguish between  quartz,  feldspar  and  mica  phenocrysts,  and  the  base. 
Close  to  the  breccia,  silicification  is  common,  accompanied  by  disseminated 
copper  deposits. 

In  the  dikes  radiating  from  the  hill,  the  changes  in  alteration  of  the 
porphyry  are  very  clearly  marked,  as  well  as  the  relative  ages  of  succession 
of  the  processes.  Receding  from  the  silicified  portions,  sericite  increases 
and  the  outlines  of  phenocrysts,  first  of  quartz,  then  of  feldspar,  begin 
to  appear.  Lastly  appear  the  outlines  of  biotite,  marked  generally  by 
successive  laminae  of  sericite  and  pyrite.  Farther  away  penninite  is 
found  in  increasing  amount,  the  quartz  phenocrysts  being  unattacked  and 
some  of  the  plagioclase  feldspars  scarcely  altered.  The  chloritic  minerals 
appear  as  renmants  replaced  by  sericite. 

When  sericite  has  almost  all  disappeared,  and  there  is  no  silicification, 
epidote,  zoisite  and  calcite  are  sometimes  found  as  alteration  or  meta- 
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morphic  minerals  in  the  porphyry.  At  this  zone  there  are  also  found  por- 
tions of  the  rock  converted  into  almost  pure  penninite  and  edenite,  with 
some  serpentine,  as  if  the  ferromagnesian  minerals  lacking  in  the  more 
sericitic  rock  had  been  driven  to  accumulate  and  replace  other  portions. 
Only  the  presence  of  some  unaltered  quartz  phenocrysts  and  very  resistant 
apatite  crystals  helps  to  determine  the  original  rock,  although  transitions 
have  been  exposed  in  some  of  the  workings. 

Sulphides  in  some  amount  invariably  accompany  the  contacts  of 
porphyry  that  is  altered  to  this  degree. 

Farther  away  from  the  centers  of  action  slight  chloritization  of  the 
base,  of  some  feldspars  and  of  micas,  and  eventually  of  the  micas  alone, 
is  the  only  alteration  noticeable.  This  fades  out  in  a  few  observed 
cases  to  fresh  rock,  or  rock  affected  only  by  meteoric  waters.  The  con- 
tacts of  this  less  altered  porph3rry  have  either  just  a  little  pyrite  and  spha- 
lerite, or  no  sulphides  at  all,  and  even  have  had  no  appreciable  effect 
on  the  immediately  adjacent  limestone  when  seen  in  thin  section. 

The  alteration  of  the  more  basic  dikes  which  cut  the  contact  breccia 
is  also  similar  to  the  one  induced  in  the  breccia,  except  that  the  earlier 
changes  are  not  observed  in  these  dikes. 

Summary 

To  summarize,  it  may  be  said  that  the  weakest  as  well  as  the  farth- 
est reaching  alteration  in  the  porphyry  is  chloritization.  Next  comes 
epidotization,  which  is  of  minor  importance.  Sericite  and  finally  quartz 
are  the  additional  minerals  formed  with  the  increase  in  the  strength  as 
well,  probably,  as  the  temperature  of  the  emanations.  The  minerals 
formed  by  the  stronger  solutions  are  formed  by  replacement  of  the  earlier 
ones,  in  the  ordinary  case  when  metamorphism  is  advancing  in  intensity 
from  the  center.  Superimposed  alteration  may  be  caused  by  later  in- 
trusives,  or  in  certain  instances  by  the  decrease  in  intensity  in  the  dying- 
out  period  of  alteration. 

Some  unaltered  dikes  in  Holbrook  and  Czar  ground  are  found  in 
zones  where  the  rest  of  the  rocks  show  intense  sericitization,  including 
some  masses  of  porphyry.  These  dikes  are  associated  also  with  some 
sulphide  ores,  the  contacts  being  fair  more  distinct  than  ordinarily.  If  it 
were  not  for  the  slight  sericitization  of  these  dikes  close  to  the  ore,  while 
away  from  it  they  show  no  hydrothermal  action,  it  would  be  possible 
to  believe  that  they  are  the  result  of  post-mineralization  intrusions. 

The  Shattuck  dike  shows  similar  phenomena,  as  it  is  very  fresh  for 
long  stretches,  and  then,  close  to  the  ore  zones  in  Uncle  Sam  and  Shattuck 
ground  is  almost  as  altered  as  any  rock  around  Sacramento  HUl,  showing 
that  the  altering  solutions  did  not  accompany  all  the  porphyry  but  found 
their  way  through  special  channels. 

The  following  partial  analyses  of  altered  porphyries  are  typical: 
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I  II               III 

Au,  ounces NU  Na           NU 

Ag,  ounces 0.04  0.08          0.04 

Per  Cent.  Per  Cent.  Per  Cent. 

Cu 0.24  0.11          0.11 

Pb Tr.  Tr.            Tr. 

SiO, 56.9  76.6  73.3 

Fe 9.8  5.6           5.7 

CaO - 1.8  3.1            0.5 

MgO 0.5  3.2           2.8 

A1,0, 16.6  7.4  10.1 

S 8.8  1.0           0.4 

Mn 0.6  0.6           0.6 

Zn Tr.  Tr.            Tr. 

P 0.08  0.10          0.09 

•Totals 94.32        97.71        93.60 

I.  Highly  sericitized  porphyry  with  pyrite,  from  Sacramento  dike, 
close  to  Sacramento  Hill. 

II.  Chloritizedi  partly  sericitized  and  epidotized  porphyry,  from* 
Sacramento  dike,  about  1,000  ft.  away  from  the  hill. 

IIL    Slightly  chloritized  porphyry,  Dallas  mine. 

The  general  zones  of  primary  alteration  are  shown  for  the  sections 
through  the  camp  in  Plates  5A,  6A,  and  7 A.  Silicification  and  sericiti- 
zation  have  been  explained  already.  Chloritization  is  not  marked  be- 
cause it  is  too  irregular,  and  though  important  in  the  porphyry,  the  sedi- 
ments in  that  zone  are  not  generally  affected.  The  zone  of  sulphide 
replacement  was  introduced,  where  the  limestones  surrounding  sulphide 
replacements  were  affected  so  sUghtly  immediately  away  from  the  ore- 
bodies  that  there  can  be  said  to  be  practically  no  metamorphism. 

VIII.  THE  ORES  OF  THE  DISTRICT 
General  Occurrences 

The  general  occurrence  of  the  orebodies  can  be  best  appreciated  by 
reference  to  the  horizontal  and  vertical  projections  of  the  stopes  given 
in  Plates  8  to  10. 

In  the  horizontal  projection  (Plate  8),  there  is  a  well-marked  crescent- 
shaped  zone  around  Sacramento  Hill,  with  an  extension  around  the  Lowell 
mass  of  granite  porphyry.  Along  the  Dividend  and  Czar  zones  the  effects 
of  major  structural  lines  are  well  marked  by  the  abundance  of  ore  taken 
out.  The  Shattuck  dike-Czar  zone  intersection  has  its  group  of  orebodies, 
and  extensions  and  outliers  from  the  general  zone  follow  both  the  Sac- 
ramento dike  and  the  series  of  breaks  in  Briggs  and  Cole  ground  to  the 
southward. . 
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In  the  vertical  projections  (Plates  9  and  10)  the  inclination  of  the  ore 
zone  is  shown;  also  in  Plates  5  and  6  the  stratigraphical  position  is  seen 
to  follow  in  general  the  dip  of  the  limestones,  at  horizons  varying  from 
the  top  300  ft.  of  the  Cambrian  to  the  lower  300  ft.  of  the  Carboniferous. 
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Classification  op  the  Orebodies 

As  in  the  case  of  the  metamorphism  and  alteration  of  the  rocks,  the 
authors  have  found  no  reason  to  separate  the  orebodies  due  to  genetic 
differences.    All  the  ores  are  believed  to  be  due  to  one  general  period  of 
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primary  mineralization  which  followed  closely  the  intrusion  of  the  main 
porphyry  masses.  Differences  in  the  ores  are  ascribed  mainly  to  the 
character  of  the  formation  that  they  replace  and  to  the  amount  of  general 
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Plate  10,  Section  E-E. — Ore  Zone  Between  Lowell  and  Hoatson  Shafts 
Following  Dip  of  Limestone. 

metamorphism  in  the  surrounding  rocks  due  to  the  distance  from  the 
centers  of  alteration.  All  the  ores  are  also  believed  to  be  formed  by  meta- 
somatic  replacements  of  Various  rocks. 
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Plate  11. — Sacramento  Hill  Orebody. 


Four  convenient  subdivisions  can  be  made,  dependent  on  the  forma- 
tion replaced,  as  follows:  ores  in  porphyry,  in  contact  breccia,  in  contact 
metamorphic  limestone,  and  in  relatively  unaltered  limestone.     In  con- 
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sidering  these  ores^  the  primary  mineralization  will  be  taken  up  first  and 
^      the  effects  of  meteoric  water  circulation  left  for  later  discussion. 

Ores  in  Porphyry 

To  this  type  belongs  the  ore  developed  recently  in  Sacramento  Hill. 
The  ore  occurs  as  a  very  irregular  mass  of  chalcocite,  pyrite  and  some 
bornite  in  brecciated,  altered  porphyry  at  the  inner  side  of  the  contact 
breccia.  The  ore  also  penetrates  the  contact  breccia^  as  shown  in  Plates  5 
and  11^  and  connects  with  some  typical  bodies  in  this  latter  rock.  The 
porphyry,  in  general,  is  sericitized,  and  somewhat  silicified  dose  to  the 
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Plate  12. — Showing  Contact  Orebodt  Alonq  Sacramento  Dike 
AND  Special  Features  of  Oxidation. 

breccia,  and  in  parts  of  the  ore.  The  primary  sulphide  minerals  are 
pyrite  and  bornite  alone,  this  being  the  only  type  of  ore  in  the  camp  in 
which  chalcopyrite  is  not  an  important  constituent.  Partial  analyses  of 
this  porphyry  ore  are  given  in  Table  2. 

Besides  the  ore  in  Sacramento  Hill,  ore  occurs  in  porph3rry  in   a 


Digitized  by 


Google 


Y.   S.  BONILLAS,   J.  B.  TBNNBT  AND  LSON  FBUCHiSBE  14A1 

great  many  places  in  the  contact-metamorphic  zone,  where  the  sulphides 
replace  limestone  and  in  a  minor,  but  very  distinct  way,  the  adjacent 
porphjrry.    A  noteworthy  example  of  this  is  the  orebody  known  as  the ' 
Dividend  Slice  No.  1,  where  most  of  the  porph3rry  is  entirely  converted 
into  ore. 

Ores  in  Contact  Breccia 

This  second  type  of  ore  is  found  from  the  Holbrook  to  the  Lowell, 
Oliver  and  Sacramento  mines.  The  bodies  are  extremely  irregular  in 
shape  and  size,  and  are  not  confined  to  any  definite  horizon,  but  are 
usuaUy  foimd  in  unenriched  and  unoxidized  state.  Qne  of  these  bodies 
outcropped  to  the  west  of  Sacramento  Hill.- 

The  breccia,  as  has  been  explained,  is  highly  silicified,  and  the  ores 
themselves  may  be  in  an  extra  siliceous  portion,  or  in  a  chloritized  zone 
due  to  one  of  the  later  dikes  mentioned  before.  The  value  of  the  con- 
tact breccia  as  an  ore  zone  has  been  realized  only  within  the  last  few  years, 
as  the  rock  is  perhaps  the  most  difficult  of  all  to  prospect. 

Ores  in  Contact-Metamorphic  Zone 

To  this  dass  and  the  next  belong  a  great  majority  of  the  ores  hereto- 
fore mined  in  the  district.  The  contact-metamorphic  zone,  marked  by 
many  alteration  products  in  the  limestone,  but  mainly  by  sericitization 
of  both  intrusive  and  intruded  rocks,  forms  a  block  aroimd  Sacramento 
Hill  and  the  associated  extensions  of  the  porphyry.  The  ores  occur  as 
irregular  bodies  intimately  connected  with  dikes  and  sills  which  are  direct 
offshoots  of  the  main  porphyry  masses.  The  replacements  extend  from 
some  distance  in  the  porphyry,  through  some  of  the  imrecognizable 
altered  limestones,  into  the  distinct  bedding  planes  of  less  metamorphosed 
sediments. 

Faulting  and  crushing  previous  to  the  introduction  of  the  porphyry 
and  ore  solutions  played  an  important  part  in  determining  the  location 
and  limiting  the  size  of  individual  orebodies.  Very  little  post-ore  deposi- 
tion faulting  has  occurred,  so  little  in  fact,  that  it  is  a  negligible  factor  for 
most  of  the  district. 

The  contact-metamorphic  zone  occurs  almost  entirely  in  Martin  and 
in  the  first  200  ft.  of  Escabrosa  Umestone.  Some  orebodies,  however, 
are  found  in  the  top  100  ft.  of  Abrigo  as  shown  clearly  in  Plates  5,  6 
and  7.  To  this  zone  belongs  the  ore  found  along  the  Dividend  Fault, 
which  has  played  such  an  important  part  in  structure  and  mineralization 
of  the  district.  The  rich  ore  mined  early  from  the  Czar  and  Holbrook 
was  taken  out  along  this  fault,  and  rich  ore  is  still  being  mined  in  the 
Czar  from  along  it. 

To  this  type  of  orebody  belong  also  a  great  part  of  the  ores  imme- 
diately adjacent  to  the  Sacramento  dike,  Lowell  sill,  and  to  dikes  in  the 
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Junction  and  Oliver  i]aines,  though  these  bodies,  being  outside  of  the 
highly  altered  zone,  generally  grade  into  typical  replacements  of  the 
unaltered  limestones. 

Ores  in  Relatively  Unaltered  Limestone 

To  this  subdivision  belong  the  orebodies  in  the  Southwest,  Higgins, 
.Wolverine,  Uncle  Sam,  Shattuck,  the  south  end  of  the  Spray,  Irish  Mj^ 
and  Oliver  mines,  all  of  the  ore  in  the  Cole  and  Briggs,  and  the  major 
portion  of  the  ores  in  the  Sacramento,  Hoatson  and  Junction  mines.  A 
brief  description  of  each  of  these  occurrences  is  given  below. 

The  Southwest  orebodies,  which  include  the  original  ore  discovery  of 
the  camp,  occur  as  replacements  of  Martin  and  Escabrosa  limestones 
along  the  Czar  Fault.  The  original  Queen  orebody  outcropped  at  the 
surface,  at  the  big  glory  hole  at  the  base  of  Queen  HiU.  It  occurred  in 
the  foot-wall  side  of  the  Czar  Fault,  replacing  Martin  and  Escabrosa  lime- 
stones. Following  the  Czar  Fault  to  the  southwest  is  a  continuous  chain 
of  orebodies  in  the  hanging-wall  side  of  the  fatdt,  in  the  same  stratigraphic 
horizon,  until  the  present  Southwest  workings  are  reached.  At  this  point 
the  orebodies  again  cut  across  to  the'foot-wall  side,  but  keep  in  the  same 
horizon.  It  is  these  foot-wall  orebodies  that  are  being  mined  at  present. 
The  Czar  Fault  is  here  broken  up  and  forms  blocks  with  east-to-west 
faults.-  In  this  crushed  zone  occurs  a  large  mass  of  brecciated  iron- 
stained  silica,  which  outcrops  on  the  surface  on  both  sides  of  Hendrick's 
Gulch.  The  orebodies  are  found  at  and  near  the  contacts  of  this  mass,  as 
replacements  of  Martin  and  Escabrosa  beds,  and  penetrate  the  breccia 
itself  for  short  distances.    The  ore  is  both  of  copper  and  of  lead. 

The  ore  early  mined  along  the  Czar  Fault  (and  now  being  largely 
remined),  yrsifi  closely  associated  with  porphyry  dikes  and  sills,  which 
came  up  along  the  fault.  The  present  orebodies,  however,  are  not  in 
contact  with  porphyry.  The  silica  breccia  mass,  however,  in  depth  is 
connected  with  porphyry. 

Following  the  Silver  Bear  Fault,  which  forms  the  eastern  boundary 
of  the  Queen  Hill  Block,  another  series  of  orebodies  occur,  also  as  replace- 
ments of  Martin  and  Escabrosa  limestone.  These  orebodies  are  directly 
related  to  porphyry  dikes  and  sills. 

The  Higgins,  Wolverine,  Shattuck  and  Uncle  Sam  orebodies  occur 
close  to  and  in  contact  with  the  Shattuck  dike.  The  Higgins  and 
Wolverine  are  the  farthest  west,  and  therefore  farthest  removed  from 
Sacramento  Hill.  Here  the  dike,  as  exposed  underground,  occurs  as  a 
dike  of  unaltered  porphyry,  and  the  orebodies  are  found  on  both  sides 
replacing  Abrigo  limestone  about  100  ft.  below  the  top.  The  Uncle  Sam 
and  Shattuck  orebodies  occur  as  replacements  of  Martin  and  E^scabrosa 
limestones,  very  intimately  associated  with  a  large  sill  of  porphyry  into 
which  the  Shattuck  dike  makes  in  depth.     At  the  Shattuck,  another  mass 
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of  silica  breccia  occurs,  more  intimately  associated  with  the  porphyry 
than  at  the  Southwest,  with  ore  formed  at  the  contacts,  and  penetrat- 
ing into  the  mass.  Here  again  the  ore  is  both  lead  and  copper  as  at  the 
Southwest. 

To  the  south  and  west  of  the  Contact  Block  is  a  relatively  up-thrown 
block,  boimded  by  the  Dixie-Howell-Senator  Fault  on  the  north  and  east, 
and  by  the  Oliver  Fault  to  the  southwest,  previously  mentioned  as  the 
Oliver  Block.  In  Irish  Mag,  Gardner,  and  OUver  ground,  the  block 
is  much  broken  up  by  N.-S.  fractures,  and  here  there  are  orebodies  in 
the  foot-wall  side  of  the  Dixie-Howell-Senator  Fault  replacing  Abrigo 
and  Martin  beds.  In  Spray,  and  in  part  of  the  OUver  ground  where  the 
block  is  less  fractured,  orebodies  are  found  entirely  as  replacements  of 
Abrigo  limestone,  from  100  to  300  ft.  down  from  the  top.  In  Spray 
ground  no  porphyry  has  yet  been  found  anywhere  near  these  orebodies. 
In  OUver  ground,  they  are  associated  with  small  dikes. 

In  the  Cole  mine,  orebodies  occur  in  the  Martin  Umestone  and  extend 
for  a  short  distance  into  the  top  of  the  Abrigo,  along  N.-S.  fractures. 
These  orebodies  occur  in  the  hanging-wall  side  of  the  OUver  Fault. 
This  fault,  between  the  Cole  and  OUver  mines,  has  cut  off  one  of  these 
orebodies  and  is,  therefore,  post-ore  deposition  in  age,  one  of  the  few 
breaks  of  its  kind  in  the  productive  area  of  the  camp.  The  Cole  orebodies 
are  not  directly  connected  with  porphyry. 

The  orebodies  of  the  Briggs  mine  are  similar  to  those  of  the  Cole  in 
structure,  being  related  to  a  N.-S.  fractured  zone,  not  directly  connected 
with  porphyry.     They  are  also  replacements  of  Martin  Umestone. 

The  orebodies  in  the  Hardscrabble  claim  of  the  Sacramento  mine,  and 
part  of  the  Hoatson  mine  are  directly  associated  with  the  Sacramento  Dike. 
The  orebodies  exist  as  replacements  of  Escabrosa  Umestone,  the  horizon 
being  about  200  ft.  up  from  the  base.  The  orebodies  here  are  in  direct 
contact  with  the  dike  on  both  sides,  and  make  into  it  for  short  distances. 
To  summarize,  the  orebodies  in  the  unaltered  Umestone  occur  for  the 
most  part  at  or  near  porphyry  contacts,  but  they  also  occur  away  from 
porphyry  in  fractured  country.  In  fractured  country  and  where  intru- 
sions are  numerous,  the  ore  horizon  tends  to  rise,  and  ore  is  found  mostly 
occurring  from  the  base  of  the  Martin  limestone  to  300  ft.  above  the  base 
of  the  Escabrosa.  In  unfractured,  and  relatively  less  intruded  country, 
on  the  other  hand,  the  horizon  tends  to  drop  and  ore  is  found  in  the 
Abrigo  Umestone. 

In  the  illustrations  showing  the  zones  of  alteration  (Plates  5Aj  5J5, 
6.4,  6B,  7 A,  and  7B)  the  orebodies  in  porphyry  are  seen  to  be  between 
the  sericitized  and  silicified  portions  of  that  formation.  The  ores  in 
breccia  are  in  a  highly  siUcified  zone.  The  ores  in  the  contact-meta- 
morphic  Umestones  occur  where  the  alteration  is  mainly  sericitic. 

Table  2  gives  partial  analyses  of  the  orebodies  along  sections  shown 
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by  the  illustrations  and  the  rocks  that  they  are  found  in,  as  well  as  the 
character  of  the  ore  dependent  on  oxidation. 

Table  2. — Partial  Analyses  of  Orebodies  along  Sections  of  Plate  4 

Section  A-A 


Rook  Replaced 


Location 


Oxidation 
Features 


Cu. 
Per 
Cent. 


Per 
Cent. 


Cent. 


SiOi, 
Per 
Cent. 


AliOal  CaO, 
Per  Per 
Cent.  I  Gent 


Porphyry 

Porphyry 

Porphyry 

Porphyry 

Porphjrry 

Porphyry 

Contact  breccia 

Contact  breccia 

Contact  metamorphic 
limestone 

Contact  metamorphic 
limestone 

Contact  metamorphic 
limestone  (slightly 
altered) 

Escabrosa  limestone 

Devonian  limestone . . . . 


East  end  Sac.  Hill 
West  end  Sac.  Hill 
West  end  Sac.  Hill 
West  end  Sao.  Hill 
West  end  Sac.  Hill 
West  end  Sao.  Hill 
Breccia    West   of 

Sac.  Hill. 
Breccia    West   of 

Sac.  Hill. 

Holbrook 
Holbrook 


Holbrook 
Holbrook 
Southwest 


Enriched 
Enriched 
Enriched 
Enriched 
Enriched 
Enriched 
Primary 

Slightly  enriched 

I 

'  Enriched 


Enriched 


2.76 
1.8 
3.7 
6.6 
7.8 
12.2 
6.4 

6.1 


8.8 


4.4 


Slightly  enriched  6.0 
Residual  carbonate!  6.3 
Residual  carbonate!  4.1 


9.3 

8.0 

59.6 

13.6,     1.2 

9.4 

9.8 

60.5 

11. 4|    0.9 

10.8 

11.8 

58.1 

10.4     0.8 

13.6 

15.8 

60.1 

7.8     0.7 

17.0 

20.1 

44.3 

6.0     0.7 

16.9 

21.3 

43.7 

3.8,    0.4 

19.1 

22.4 

40.7 

6.3,    0.7 

14.7 

16.4 

46.1 

9.1i    0.5 

22.7 

T 

21.8 

1 
15.1     0.9 

24.4 

25.3 

13.0 

15.1      I.O 

1 

31.1 

35.2 

16.2 

6.2 

22.3 

0.2 

10.1 

5.8    14.8 

12.2 

0.1 

18.3 

7.3|  12.9 

Escabrosa     Hme     and 
porphyry 

Uncle  Sam  Mine 

Devonian  lime 

TTnol«  Sf^m  M*ne 

Abrigo  limestone 

Devonian  limestone 

Escabrosa  limestone 

Metamorphosed  Devo- 
nian   

Gardner 
Gardner 
Gardner 

Gardner 

Contact  breccia 

Metamorphic  limestone. 

Gardner 
Sacramento 

Section  B-B 


Residual  ore 
Residual  ore 
Primary 
Primary  ' 

Residual  carbonate 

Primary 

Primary  i 

Enriched  ore  I 


Section  C-C 


14.7 

26.3 

6.5 

22.5 

.  ■ . 

6.1 

28.5 

29.3 

4.7 

32.6 

36.0 

8.6 

25.9 

... 

4.3 

34.1 

27.7 

4.8 

30.6 

40.0 

9.3 

22.7 

23.0 

I 

7.5! 
9.6^ 
4.3, 
6.1 

i  *■'' 

14.8    2.45, 


20.6 
19.8 
20.7 
16.1 
20.0 


13. 6| 
25.6, 


4.5 
11.4 


2.6 
7.0 
1.7 
3.1 
3.0 

1.3 
1.4 
1.3 


Abrigo  limestone 

White  Tail  Deer 

Residual  carbonate 

5.25    13.8    ... 

45.9:  5.2 

2.6 

Partly  altered  Devonian 

Holbrook 

Residual  carbonate 

8.1 

13.21   Tr. 

26.010,5 

1.6 

Partly  altered  Escabrosa 

Holbrook 

Residual  carbonate 

4.4 

26. ll   Tr. 

19.4 

9.5 

1.5 

Sericitised  metamorphic 

Holbrook 

Enriched  sulphide 

5.5 

21.1,     T 

14.9 

23.0  • 

0.4 

Sericitised  metamorphic 

1 

lime  and  porphyry. . . 

Holbrook     (Divi- 
dend). 

Enriched  sulphide 

6.6 

17.6    12.6    17.8 

23.2 

1 

0.3 

Mineralogy  op  the  Ores 

As  in  the  case  of  rock  alteration,  primary  minerals  in  the  ores  have 
been  changed  greatly  by  the  circulation  of  meteoric  waters,  and  the 
criteria  have  already  been  given  for  determining  the  primary  zone  under 
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the  caption,  ''The  Effect  of  Contact  and  Hydrothermal  Metamorphism 
on  the  Formations." 

The  original  sulphides  of  copper  deposited  are  comparatively  few 
in  number,  chalcop3rrite  and  bomite  being  the  important  ones  economic- 
ally. Tennantite  is  the  only  other  copper-bearing  mineral  so  far  found 
in  the  primary  zone,  if  exception  be  made  of  one  or  two  unknown  minerals 
seen  with  the  microscope.  Pyrite  is  such  an  important  constituent  of 
the  ores,  that  it  must  be  considered  along  with  the  copper  minerals,  and 
magnetite,  hematite,  sphalerite  and  galena  are  common  enough  to  be 
considered  part  of  the  ores,  especially  the  last  two,  since  they  are  the 
source  of  oxidized  ores  of  importance. 

Chalcodte  is  very  abundant  in  many  forms  in  the  zone  of  enrichment 
but  has  not  been  seen  in  the  undoubted  primary  zone,  though  this  has 
been  considerably  explored.  It  is  therefore  highly  probable  that  this 
mineral  was  not  formed  by  the  ascending  solutions  in  this  district,  and 
conflicting  microscopic  evidence  in  the  ores  above  has  been  considered 
insufficient  to  offset  the  field  evidence  of  the  primary  zone. 

Pyrite 

Of  the  sulphides,  pyrite  is  generally  the  first  formed,  and  accompanies 
every  one  of  the  stages  of  alteration  described  under  metamorphism.  In 
the  ores,  very  fine  examples  of  the  structures  described  by  Graton  and 
Murdoch*  may  be  seen,  grading  from  the  perfect  "porphyritic"  relation 
between  well-formed  pyrite  crystals  and  the  other  sulphides,  to  a  mass  of 
pjTite  grains  with  little  interstitial  chalcopyrite  or  bomite. 

As  additional  evidence  for  explaining  the  mode  of  formation  of  some 
of  the  sulphides  the  following  observations  wiU  be  given.  Aroimd  any 
orebody,  pyrite  usually  persists  in  the  same  general  relations  to  the  rock 
or  gangue,  that  it  has  to  the  other  sulphides  in  the  ore,  with  the  exception 
that  in  the  ore  the  individual  p3rrite  grains  are  b;roken  up,  penetrated  or 
reabsorbed  by  the  other  sulphides  in  such  forms  as  are  illustrated  in 
Plate  13,  Hg.  2,  and  Plate  14.  Thus,  ore  in  porphyry  has  pyrite  vein- 
lets  extending  into  the  rock  along  joints  and  it  will  be  found  disseminated 
through  the  rock  in  irregular  grains  that  usually  started  around  a  biotite. 
These  same  pyrite  veinlets  and  disseminated  grains  will  persist  even  when 
all  the  rock  has  been  replaced  by  sulphides,  as  can  be  seen  in  Plate  13, 
Fig.  3.  In  limestone  replacements,  pyrite  will  extend  out  along  bedding 
planes  in  layers  that  are  continuous  with  pyrite  bands  in  the  copper  ore. 
And  pyrite  crystals  will  be  found  to  have  the  same  "porphyritic"  rela- 
tion to  slightly  altered  Abrigo  limestone  as  they  have  to  the  rich  ore  in 


®L.  C.  Graton  and  J.  Murdoch:  The  Sulphide  Ores  of  Copper,  Transactions, 
vol.  45.  pp.  25-93  (1913). 
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Fias.  1  AND  2. — **P0RPHYRITIC"  STRUCTURE  OF  OrBS  IN  AbRIGO  LiMltSTONB 

(left)  and  in  Breccia. 


Fia.  3. — Replacement  of  All  Rock  by  Sulphides  with  Pyrite 

Ve inlets  Persisting. 

Plate  13. 
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that  formation,  with  the  exception  given  above,  that  there  is  little 
breaking  up  of  the  pyrite  (see  Plate  13,  Fig.  1). 


VA>"^*- 


^  '" 


Fiu. 


Plats  14*— Origikal  Pyritk  Grains  Broken  and  Reabsobbkd  by 
Other  Primary  Sulphides. 

This  information,  coupled  with  Miicroscopic  observations  concerning 
the  age  of  crystallization  of  the  pyrite  haa  led  to  the  belief  that  in  the  ore 
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formation  p3rrite  is  the  advance  sulphide,  formed  partly  by  solutions  that 
are  not  yet  precipitating  copper  minerals.  When  these  latter  are  formed, 
they  take  their  place  by  replacement  of  the  gangue  and  rock  mostly,  but 
also  by  slightly  replacing  the  earlier  formed  pyrite.  This  may  explain 
certain  veinlet-like  stringers  of  pyrite,  which  apparently  cut  the  other 
sulphides,  but  which  when  examined  in  detail  show  that  each  grain  of 
pjrrite  has  been  attacked  by  chalcopyrite  or  bomite. 

Age  Bdationship  of  Pyrite. — In  the  porphyry  ores,  pyrite  is  found  to 
have  crystaUized  at  about  the  same  time  as  the  sericitization  occurred 
with  some  of  the  grains  a  little  earlier.  P3nite  deposition  also  extended 
into  the  period  of  silicification,  but  was  imdoubtedly  also  replaced  by 
quartz.  Bomite,  the  copper  mineral,  is  found  replacing  the  pyrite  as 
already  mentioned. 

In  the  contact  breccia,  due  to  the  many  complicated  interrelations 
found,  the  pyrite  cannot  be  said  to  have  formed  at  any  definite  stage. 
In  general  it  holds  true  that  pyrite  is  earlier  than  the  rest  of  the  sulphides, 
but  distinct  veins  of  it  have  been  found  through  crushed  pjrrite,  bomite 
and  chalcopyrite  ore.  Magnetite,  specularite,  and  sphalerite  are  of  about 
the  same  age  as  the  pyrite,  and  garnet,  diopside  and  woUastonite  slightly 
earlier. 

In  the  contact-metamorphic  limestone  orebodies,  pyrite  and  sericite 
again  belong  to  the  same  period  of  formation,  earlier  than  the  copper 
sulphides,  and  slightly  later  than  tremolite  and  other  contact  silicates. 
In  this  zone,  P3rrite  veins  are  found  cutting  magnetite,  specularite  and 
earUer  pyrite  bodies. 

In  the  orebodies  that  replace  unaltered  limestone  the  relations  are  the 
simplest,  pyrite  being  closer  in  age  to  the  copper,  zinc,  and  lead  sulphides 
than  in  any  other  place. 

Chalcopyrite 

This  mineral  is  undoubtedly  the  most  abundant  primary  copper 
sulphide  in  the  district,  and  is  prevalent  in  aU  the  ores,  except  in  the  dis- 
seminated porphyry  ore  in  Sacramento  Hill.  This  ore  is  distinguished 
mineralogicaUy  from  all  others  in  the  district  by  having  as  undoubted 
primary  sulphides,  pyrite  and  bornite  alone. 

Chalcopyrite  is  generally  associated  with  the  more  siliceous  ores,  ex- 
cept in  porphyry,  its  period  of  formation  being  slightly  later  than  that 
of  sericitization,  but  contemporaneous  with  silicification.  In  cases  where 
there  is  late  chloritization,  some  remarkably  pure  bodies  of  chalcopyrite 
are  formed,  as  is  also  the  case  in  certain  vein-like  bodies  extending  far 
above  the  general  ore  horizon,  where  galena  is  also  abimdant.  i 

The  intergrowths  of  chalcopjrrite  and  bomite  show  them  to  be  of 
contemporaneous  precipitation,  with  a  slight  lagging  of  the  bomite 
formation. 
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Bomite 

This  mineral  is  universally  found  in  the  primary  ores,  though  not  as 
abundantly  as  chaIcop3rrite,  as  has  been  stated. 

Although  bomite  occurs  undoubtedly  in  the  richer  primary  ores, 
there  has  been  no  reason  foimd  for  its  formation  in  preference  to  chalco- 
pyrite,  as  it  comes  in  rich  and  lean  ores,  and  in  those  with  a  great 
amount  of  pyrite,  also  when  there  is  scarcely  any  pyrite.  Fig.  1,  in  Plate 
18,  illustrates  a  case  where  bornite  and  pyrite  replace  the  cement  in  a 
calcareous  Devonian  sandstone,  where  the  amount  of  copper  is  not  enough 
to  give  0.2  per  cent. 

Tennantite 

This  mineral  is  found  usually  in  microscopic  amounts  only,  in  prac- 
tically all  the  ores.  Its  age  of  crystallization  is  between  that  of  pyrite 
and  chalcopyrite.  There  may  be  some  tetrahedrite,  but  as  arsenic  is 
more  abundant  than  antimony  in  the  specimens  analysed,  the  mineral 
seen  has  been  taken  to  be  tennantite. 


Sphalerite 

The  sulphide  of  zinc  is  foimd  in  all  the  primary  ores  in  minor  quan- 
tities, with  zonal  inclusions  of  chalcopyrite  and  galena  in  very  fine  grains 
(Plate  17,  Fig.  1).  In  a  few  places  such  as  between  the  Southwest  and 
Czar  mines,  in  the  Gardner,  and  in  Briggs  groimd,  sphalerite  is  found 
in  rather  large  bodies  with  pyrite  and  chalcop3rrite.  It  generally  re- 
places Martin  limestone,  and  apparently  its  general  relations  are  no 
different  from  those  of  the  copper  ores. 

Galena 

Like  sphalerite,  galena  is  associated  with  most  of  the  primary  ores,  but 
is  decidedly  more  abimdant  where  the  ores  are  in  highly  chloritized 
ground.  The  ground  adjacent  to  the  latest  basic  porphyry  dikes,  in  con- 
tact breccia  and  in  limestone,  generally  has  more  galena  than  the  rest. 
An  exception  to  this  may  have  been  the  zones  around  the  silica  breccia 
maases  of  the  Southwest  and  Shattuck  mines,  but  unfortunately  oxidation 
has  obliterated  thoroughly  all  primary  mineralization.  Lead  carbonates 
and  sulphates  are  here  found  in  abundance. 

Galena  is  found  more  abundantly  also  in  the  top  zone  of  the  ores,  as  a 
residual  sulphide,  so  the  general  impression  given  by  the  occurrence  of 
the  lead  sulphide  is  that  it  is  more  abundant  in  the  last  stages  of  minerali- 
zation and  also  that  it  was  carried  farther  than  the  copper. 


Digitized  by 


Google 


1450  GEOLOGY  OF  THE  WAKREN  MINING  DISTRICT 

Other  Primary  Metallic  Minerals 

Magnetite  and  specularite  occur  sometimes  in  large  bodies  that  show 
a  very  perfect  intergrowth  of  these  oxides,  as  well  as  with  pyrite,  as  has 
been  mentioned.  The  occurrence  of  these  bodies  is  limited  to  the  contact- 
metamorphic  zone,  or  is  immediately  on  the  contact  of  porphyry  dikes. 
A  few  grains  of  pyrrhotite  have  been  seen  here,  indicating  the  high  tem- 
perature of  their  formation. 

Specularite  is  also  found  associated  with  the  orebodies  in  contact 
breccia-  that  come  with  the  basic,  chloritizing  porphyry  dikes.  The 
oxide  is  here  a  valuable  indication  of  the  proximity  of  ore,  in  a  zone  where 
all  other  features  are  baffling  in  their  irregularity. 

Silver  and  gold  minerals  have  not  been  seen  in  the  primary  zone,  with 
the  possible  exception  of  a  few  grains  of  polybasite  foimd  in  galena. 
Gold  and  silver  values  are  considerable  in  all  the  copper  ores,  and  more 
so  probably  in  the  sulphides  than  in  the  oxides,  but  their  amoimt  could 
easily  escape  detection  even  under  the  microscope.  Tennantite,  as  well 
as  one  or  two  brownish  unknown  minerals  in  the  sulphides  may  be  the 
precious-metal  carriers. 

IX.  OXIDATION  AND  ENRICHMENT 
General  Features 

The  most  striking  feature  of  oxidation  of  the  orebodies  in  the  Warren 
district  is  the  varying  elevations  at  which  the  column,  from  oxidized  to 
primary  ores,  repeats  itself  in  going  from  the  western  to  the  eastern  side 
of  the  mining  area.  At  the  extreme  western  end,  the  Higgins  and  Wolver- 
ine mines  have  primary  ores  in  Abrigo  Umest^ne  far  above  the  level  of 
the  adjacent  creek  bottoms,  and  consequently  far  above  the  present 
ground-water  level.  In  the  Czar  mine  oxidation  and  enrichment  go 
down  to  just  under  the  300  level,  which  is  about  5,000  ft.  above  sea  level. 
In  the  Holbrook  division  some  primary  ore  outcropped  at  the  west  of 
Sacramento  Hill,  while  some  distance  south,  enrichment  goes  down  below 
the  500  level.  In  the  Gardner,  primary  ores  are  not  found  till  the  9th 
level  is  reached,  and  in  the  the  Lowell  mine  they  are  encountered,  in 
some  instances  at  the  10th  level,  but  generally  below  the  13th,  although 
the  permanent  water  level  was  encountered  here  around  the  10th  level, 
or  at  an  elevation  of  4,325  ft. 

In  the  Hoatson  mine,  oxidation  features  were  found  down  to  an  eleva- 
tion of  about  3,800  ft.  above  sea  level,  and  even  deeper  in  part  of  the  Sacra- 
mento and  Junction  mines,  although  the  permanent  water  level  was  far 
above  this  before  the  mines  were  drained  by  opening  up  and  pumping 
from  the  deeper  levels  of  the  Junction. 
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The  oxidation  features  shown  by  the  illustrations  of  the  sections 
through  the  camp  (Plates  5b ,  6b,  and  7b),  illustrate  this  general  inclina- 
tion to  the  southeast.  It  will  be  noticed  that  the  oxidation  follows  in 
general  the  dip  of  the  Paleozoic  sediments,  the  average  horizon  reached 
being  somewhere  in  the  Devonian.  There  is  a  marked  lagging  of  the 
oxidation  at  the  eastern  end,  however,  as  here  it  does  not  reach  the  top 
Devonian.  In  this,  the  oxidation  may  be  seen  to  correspond  more  closely 
to  the  pre-Cretaceous  erosion  surface. 

It  will  be  seen  also  that  there  are  some  sudden  changes  in  the  level 
of  oxidation,  as  best  shown  in  section  A-A  of  Plate  5,  and  also  that  there 
are  great  variations  in  the  extent  of  the  zone  of  secondary  sulphides. 
AU  these  features  have  fairly  definite  relations  to  the  geologic  history  and 
structure,  to  the  nature  of  the  formations,  and  to  the  primary  alterations 
in  them.  The  object  of  this  chapter  wiU  be  to  explain  what  is  known  of 
those  relations. 

It  will  first  be  necessary  to  present  the  criteria  for  the  subdivisions 
of  the  zone  in  which  meteoric  waters  have  circulated,  in  many  directions, 
but  generally  downward.  It  has  been  stated  before  that  the  primary 
zone  was  marked  by  steady  conditions  and  constant  mineralogical  asso- 
ciations. The  deepest  effects  of  the  surface-water  circulation  are  imme- 
diately and  clearly  marked  in  this  district  by  veinlets,  filled  cavities  and 
coatings  of  other  minerals. 

Just  above  the  primary  zone  there  is  an  extremely  variable  thickness 
where  the  prevailing  secondary  mineral  is  siderite  with  a  little  gypsum 
and  an  extremely  small  amoimt  of  chalcocite.  Above  this  is  usually  a 
zone  where  halloysite  and  kaoUn  are  most  prominent  among  the  second- 
ary gangue  minerals,  and  chalcocite  is  abundant  as  a  replacement  of 
primary  sulphides.  Next  higher,  limonite,  and  the  staining  due  to  iron 
oxides — gossan  formation,  in  other  words, — is  the  prevaiUng  feature. 
Within  this  zone  there  are  found  the  local  bodies  of  residual  ores,  which 
have  for  some  reason  resisted  the  general  leaching  effect  of  strongly 
oxidizing  waters.  One  or  all  the  zones  above  the  primary  may  be 
lacking  at  any  point  for  reasons  which  will  be  explained  later. 

Relations  of  Oxidation  to  Structure  and  Geological  History 

Xotman*  has  already  pointed  out  the  relations  between  the  attitude 
of  the  oxidation  and  present  and  past  water  levels.  That  the  present 
water  level  does  not  accoimt  for  the  oxidation  is  proved  by  the  occurrence 
of  unoxidized  ores  above  that  level  in  formations  that  are  in  other  places 
completely  oxidized  also  above  that  water  level.  This  is  illustrated  by 
the  primary  ores  in  Abrigo  at  the  Higgins  mine,  and  the  completely 
oxidized  Abrigo  ores  in  the  Wolverine  and  White  Tail  Deer  mines. 

*  TranMoelwiu  of  the  InatUtUion  of  Mining  and  MetdUurgy,  vol.  22,  p.  561  (1913) 
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Further  proof  is  had  in  the  presence  of  gossans  several  hundred  feet  below 
the  water  level  in  the  Lowell  and  Hoatsdn  mines. 

The  general  plane  of  the  oxidation  corresponds  very  closely  to  the 
known  pre-Cretaceous  erosion  surface,  and  the  tilt  of  the  oxidation  is, 
therefore,  the  present  tilt  of  the  Cretaceous  sediments.  If  the  ground- 
water level  at  the  time  of  oxidation  had  been  an  inclined  plane  that 
followed  the  Devonian  horizon,  due  to  the  permeability  of  the  purer 
limestone  above,  there  would  not  be  abundant  unoxidized  orebodies  in 
Escabrosa  limestone  in  the  Sacramento  and  Junction  mines.  And  if  the 
ground-water  level  had  stood  several  hundred  feet  lower  in  those  mines 
at  some  post-Cretaceous  time  and  had  risen,  say,  due  to  valley  fillings,  it 
is  probable  that  the  ground  water,  now  directly  over  that  rise,  would 
stand  horizontal,  and  would  keep  to  the  old  plane,  or  even  a  lower  one 
farther  west,  which  is  far  from  being  the  case. 

There  is  field  evidence  of  another  form  to  show  that  the  oxidation  was 
pre-Cretaceous,  and  this  is  the  presence  of  gossanized  fragments  of 
porphyry,  as  well  as  fresher  ones  at  the  base  of  the  Glance  Conglomerate. 
The  exposed  pre-Glance  topography  also  shows  hard  gossan  reefs  aroimd 
the  southeast  side  of  Sacramento  Hill. 

Additional  weight  is  given  to  the  idea  of  pre-Cretaceous  oxidation  by 
the  geologic  history  of  this  r^on.  A  very  long  erosion  and  a  conse- 
quently long  oxidation  period  is  recorded  between  Pennsylvanian  and 
Cretaceous  times  by  the  disappearance  of  the  paleozoic  column  off  of  the 
north  side  of  the  Dividend  Fault.  And  while  the  granite  porphyry  intru- 
sion may  not  have  taken  place  till  a  good  part  was  gone,  the  nature  of 
the  rock  as  well  as  of  the  later  minerals  formed  presuppose  a  consider- 
able covering  of  sediments  which  were  removed  by  erosion  before 
Cretaceous  time. 

It  is,  therefore,  probable  that  the  main  part  of  oxidation  and  enrich- 
ment as  found  at  present  took  place  when  the  Paleozoic  sediments  were 
almost  horizontal,  the  only  tilt  noticeable  being  slightly  to  the  southeast. 

There  is  very  little  evidence  of  superimposed  oxidation  since  Cre- 
taceous times,  due  very  probably  to  the  later  ground-water  level  being 
higher  than  the  first.  Narrow,  limonitic  seams,  and  very  slight  enrich- 
ment on  primary  sulphides  in  the  west  end  of  the  camp  are  the  only  visible 
effects  of  this  oxidation.  The  post-ore  faulting  which  is  also  post-oxida- 
tion in  most  cases,  is  not  found  very  frequently  in  the  thoroughly  explored 
portion  of  the  district,  but  will  very  probably  be  found  more  frequently 
when  operations  extend  into  other  blocks. 

Relations  op  Oxidation  to  the  Formations  and  to  Metamorphism 

The  circulation  of  meteoric  waters  has  been  very  much  influenced  by 
the  material  they  traversed,  and  this  was  dependent  upon  the  formation 
and  the  degree  of  alteration. 
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In  the  Carboniferous  limestones  the  massive  purer  beds  had  a  tend- 
ency to  crack  and  break  rather  than  to  fold,  and  waters  could  dissolve 
out  channels  through  which  extensive  oxidation  could  be  carried  down 
rapidly.  The  same  appUes  to  the  purer  lime  beds  in  the  Devonian  and 
Cambrian  formations. 

The  more  impure  beds,  which  are  also  more  thinly  laminated,  had  a 
tendency  to  crush  and  fold,  and  while  as  a  whole  they  may  be  found  more 
altered  by  meteoric  waters,  it  is  because  they  retarded  and  distributed 
the  effects  all  through  the  rock.  This  is  noticeable  in  the  Martin  and 
Abrigo  formations  especiaUy,  the  Abrigo  being  by  far  the  most  impervious. 

The  abihty  of  meteoric  waters  to  circulate  and  oxidize  quickly  in  the 
Escabrosa  limestone  has  made  possible  the  abimdance  of  residual  ores  in 
this  formation.  These  are  mostly  carbonates  fixed  in  this  form  against 
total  leaching  by  the  continually  circulating  cold  waters.  In  a  great 
many  cases,  however,  the  residual  ore  is  foimd  in  the  form  of  sulphide, 
mostly  chalcocite,  and  also,  in  rare  instances,  as  the  original  chalcopyrite 
and  bomite.  These  sulphides  are  called  residual  because  they  are  far 
above  the  level  of  normal  enriched  sulphides,  and  they  have  Umonitic 
gossans  or  carbonate  and  oxide  ores  under  them.  Usuidly  they  are  very 
pure,  rich  sulphides  of  copper,  and  are  in  the  primary  zone  of  sulphide 
replacement  where  the  adjacent  rock  is  pure  calcite  and  contains 
little  or  no  p3rrite.  Occurrences  Uke  this  are  found  in  the  limestones 
all  the  way  to  surface  where  the  main  ore  zone  may  be  a  thousand  feet 
below. 

The  same  quick  circulation  through  the  Carboniferous  limestones 
has  usually  brought  the  zone  of  complete  oxidation  directly  against  the 
primary  ores,  with  a  thin  intervening  zone  of  secondary  sulphides,  which, 
as  will  be  shown  later,  is  not  one  of  enrichment,  but  of  leaching  of  values. 
The  slower  circulation  in  the  impurer  Devonian  and  Cambrian  produced 
fewer  residual  orebodies,  but  a  deeper  zone  of  enrichment. 

In  the  porphyry  and  contact  breccia  the  differences  in  the  effect  of 
secondary  alteration  are  far  more  noticeable,  as  can  be  seen  from 
Plates  56  and  66.  Both  the  porphyry  and  breccia  retard  the  meteoric 
water  circulation,  the  breccia  almost  entirely,  and  the  porphyry  making 
it  slow  enough  so  that  sulphide  enrichment  is  at  its  most  efficient  point. 

A  special  case  which  illustrates  the  difference  in  the  penetration  of 
oxidation  through  different  rocks  is  given  in  Plate  12,  which  is  an  east- 
to-west  section  through  an  orebody  on  the  1,500  level  of  the  Sacramento 
mine,  at  present  being  extracted.  This  ore  occurs  along  the  Sacramento 
dike,  here  cutting  Escabrosa  limestone  and  having  a  projection  downward 
to  the  east  as  shown.  The  ore  replaces  the  Umestone,  which  is  not 
appreciably  metamorphosed  at  a  distance  from  the  porphyry.  The  re- 
placement is  very  perfect  along  the  beds,  as  certain  cherty  bands  are  left 
untouched  in  the  midst  of  the  ore. 
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The  oxidation  feature  that  is  noticeable  is  that  the  ore  is  almost  un- 
altered close  to  the  main  dike,  enriched  farther  away,  converted  into 
mixed  oxide  and  sulphide  under  the  thin  portion  of  the  porphyry,  and 
entirely  into  carbonate  next  to  the  limestone.  The  water  circulation  here 
must  have  come  partly  from  the  east  and  partly  from  underneath  through 
the  Umestone,  as  the  porphyry  ordinarily  presented  an  effective  barrier 
to  circulation  perpendicular  to  the  beds  before  the  tilting. 

The  oxidation  features  are  even  more  noticeably  related  to  the 
processes  of  primary  ore  alteration  than  they  are  to  that  of  the  formations. 

Intense  silicification  such  as  is  found  in  the  contact  breccia  and  in  a 
great  part  of  the  contact  metamorphic  limestone  of  the  Gardner  mine 
made  circulation  so  slow  that  in  these  places  the  primary  ore  zone  remains 
at  a  level  far  above  those  of  adjacent  occurrences.  Also,  the  oxidation 
is  so  complete  where  there  is  any  meteoric  circulation  at  all  that  the  zone 
of  leaching  comes  to  within  a  few  feet  of  the  primary  zone,  with  only  a 
thin  layer  between  where  covellite  is  most  abundantly  found  in  the 
district.  These  relations  are  well  shown  in  Plate  5,  Section  A-A  just 
west  of  Sacramento  Hill. 

Sericitization  produced  rocks  in  which  the  circulation  was  slow,  but 
in  which  the  secondary  waters  had  opportunity  to  remain  acid,  as  nearly 
all  the  lime  was  removed  in  the  primary  alteration  and  pyrite  was 
abimdant  all  through  the  rocks.  Under  these  conditions  the  depth  of  the 
zone  of  secondary  enriched  sulphides  was  greatest,  and  the  enrichment 
most  efficient.  At  the  same  time,  in  the  rocks  very  much  sericitized  there 
are  no  residual  carbonates  found,  due  of  course  to  the  lack  of  lime.  If, 
however,  the  ore  formation  extended  iato  unalt>ered  limestones  above 
those  sericitized,  carbonates  might  be  found  higher,  as  is  the  case  in  the 
Uncle  Sam  mine.  Native  copper  and  oxides  are  developed  to  a  great 
extent  in  a  shallow  zone  between  the  gossans  and  enriched  sulphides 
in  aluminous  ground  due  to  primary  sericitization. 

The  ores  in  Sacramento  Hill  porphyry,  and  in  the  zone  of  contact- 
metamorphic  rocks  around  the  main  intinisives  are  the  best  examples  of 
the  coincidence  of  sericitization  and  deep  sulphide  enrichment,  as  can  be 
seen  in  Plates  5a,  56,  6a  and  66.  The  amount  of  enrichment  even  in  these 
cases  has  not  been  exceedingly  great,  as  the  original  ores  were  rich  to 
begin  with,  tod  very  pyritic  bodies  have  remained  poor,  first  because 
pyrite  is  replaced  with  so  much  more  difficulty  by  chalcocite  than 
bornite  and  chalcop3rrite,  and  second,  because  pjnritic  masses  are  generally 
quite  solid,  more  ^ceous  and  impervious. 

The  ore  developed  in  Sacramento  Hill  is  extremely  irregular  in  shape 
and  grade  and  owes  its  irregularity  more  to  primary  mineralization  than 
to  secondary  enrichment,  because  so  far  as  has  been  seen,  the  relative 
amount  of  primary  bornite  left  in  parts  at  the  top  of  the  ore  close  to  the 
oxidation  line  is  about  the  same  as  at  the  deepest  levels.    A  section  show- 
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ing  the  ore  grades  is  given  in  Plate  11,  worked  out  from  ail  informa- 
tion available.  This  body  has  not  yet  been  mined  extensively.  The 
grades  of  ore  can  be  seen  to  bear  yery  little  relation  to  the  Umonitic 
oxidation. 

The  orebodies  classed  as  sulphide  replacements  of  unaltered  limestones 
are  ordinarily  found  in  their  primary  state  or  as  residual  carbonates. 
Oxidation  is  rapid  through  imaltered  rocks,  and  waters  usually  carry 
enough  lime  to  fix  the  copper  as  carbonate.  In  such  a  zone,  carbonates 
are  apt  to  be  found  to  the  very  top  of  the  mineraUzed  zone,  many  times 
above  hundreds  of  feet  of  gossanized  ground.  . 

Table  3. — Showing  Efficiency  of  Enrichment  by  Descending  Waters 


Orebody 


State  of  Oxidation 


Toiu_per 
Cu.  Ft. 


Pounds  Cu 
per  Ton 


Pounds  Cu 
per  Cu.  Ft. 


Seridtised  Contact  Metamorphic  Zone 


1^7 iPrimary t       0. 1143     ;        126.2 

13-13 iEnriched  sulphide '       0.1008     I        189.8 


14.42 
19.10 


12-3-18 

13-10 

White-Tail  Deer 


Sulphide  Replacement  Orebodies  in  Abrigo 


Primary 

Enriched 

Residual  carbonate. 


0.117 

0.0984 

0.0578 


104.0 
147.0 
142.0 


12.17 

14.46 

8.20 


Sulphide  Replacement  Orebodies  in  Martin  and  Escabrosa 


9-8-58 iPrimary 

8-17-11 Enriched  and  oxide. . . 


8-17-4 

8-1&-5.  8-16-16.. 
8-1^18 


Residual. 
Residual. 
Residual. 


1300  Junction  . 

16-3-39 

16-3-68 

15-12  Sulphide. 
15-12  Oxide.... 
16-3  Oxide 


Primary 

Primary 

Partly  enriched .... 
Secondary  sulphide. 

Oxide 

Oxide 


15-6-1,  15-6-9 ; Residual  carbonates. . 

15-13 iResidual  carbonates. . 

14-20 .Residual  carbonates. . 


0.1255 

130.0 

16.31 

0.098 

112.0 

10.97 

0.0609 

113.0 

6.88 

0.0609 

137.0 

8.34 

0.0609 

108.0 

6.58 

and  Contac 

t  Bodies  in  Escabrosa 

0.1111 

116.0 

1 

12.90 

0.140 

140.2 

19.63 

0.1267 

192.4 

24.38 

0.115 

130.0 

14.90 

0.08 

224.0 

'       17.92 

0.08         , 

268.0 

21.40 

0.065       1 

170.0 

11.05 

0.065       , 

188.0 

12.20 

0.065 

114.0 

7.41 

Table  3  has  been  prepared  to  show  approximately  the  efficiency 
(or  lack  of  it)    of  enrichment   due  to   descending  meteoric   waters. 
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Orebodies  have  been  taken  for  analysis  which  were  originally  of  similar 
composition,  as  far  as  knowledge  of  them  goes,  and  from  mining  records 
kept  for  a  period  of  several  years,  the  contents  of  copper  in  pounds  per 
cubic  foot  in  place  has  been  figured.  This  is  of  course  a  figure  for  the 
ore  mined,  and  must  differ  somewhat  from  the  actual  content  of  all  the 
ground  in  an  orebody,  depending  on  the  method  of  extraction  used.  All 
errors  have  been  considered,  however,  and  the  relative  value  of  the  figures 
is  about  correct.  Unfortunately  the  ores  in  the  breccia  and  silicified 
groimd  are  all  primary  and  no  comparisons  can  be  given,  and  all  the  ore 
in  porphyry  is  enriched. 

From  these  tables  it  will  be  seen  that  the  copper  content  per  unit  of 
volume  is  increased  materially  in  the  sericitized  contact  zone  and  in  the 
more  aluminous  Abrigo  formation  where  the  secondary  sulphides  are 
found.  Chalcocite  formation  is  accompanied  by  leaching  out  of  values 
in  the  replacement  bodies,  and  all  the  residujal  ores  show  dissipation  of 
copper  contents.  The  narrow  oxide  and  native  copper  zone  is  generally 
the  richest  of  all. 

Gossans 

In  regard  to  the  gossans  formed  in  the  different  zones  of  primary 
alteration,  they  can  be  said  to  extend  downward  for  the  greatest  distances 
in  the  more  permeable  ore  zones — ^this  is  true  for  those  classed  as  sul- 
phide replacements.  These  gossans  are  likely  to  contain  residual  ores 
anywhere.  The  thoroughly  oxidized  portions,  where  the  formations  were 
siUcified  or  sericitized  or  chloritized  are  apt  to  be  more  completely  leached 
out,  and  penetrate  the  ore  zone  least  in  highly  quartzose  ground.  In 
composition  the  gossans  of  course  reflect  their  source. 

The  only  generalization  that  can  be  made  about  gossans  derived  from 
lean  sulphides  and  from  pyritic  copper  ores  is  as  follows.  The  mixed 
sulphides  of  copper  and  iron  are  more  readily  attacked  by  oxidizing  solu- 
tions than  the  straight  iron  sulphides,  therefore  producing  stronger  solu- 
tions. These  stronger  solutions  have  been  foimd  to  have  a  segregating 
action  on  the  components  of  the  surroimding  rocks,  separating  to  some 
extent  silica,  alumina,  and  lime,  and  also  depositing  the  iron  oxides  in 
purer  form.  The  gossans  from  pjnrite  alone  have  been  observed  to  leave 
the  gangues  and  oxides  of  iron  in  about  the  same  mixtures  as  in  the  origi- 
nal primary  material. 

These  observations  are  of  course  susceptible  of  an  infinite  number  of 
variations  depending  on  the  original  composition  of  sulphides,  of  their 
gangues,  and  of  the  surrounding  rocks,  but  in  general  they  can  be  used 
to  some  extent  in  judging  the  kind  of  ground  under  an  oxidized  portion 
of  an  ore  zone. 
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Minerals  of  the  Zones  of  Enrichment  and  Oxidation 

Stderite 

Under  the  zone  of  secondary  enrichment  the  presence  of  siderite  has 
already  been  noted.  This  mineral  occurs  sometimes  in  veinlets  replacing 
either  sulphides  or  chloritic  minerals  or  calcite.  At  other  times  siderite 
is  found  in  a  curious  box-work  honeycomb  structure  as  if  it  had  replaced 
laminated  rock  along  certain  planes  and  the  intervening  material  had 
been  later  dissolved  out.  The  ferrous  carbonate  has  a  distinct  selective 
action  in  replacing  a  rock,  as  it  usually  leaves  intact  pyrite  grains,  which 
then  appear  contemporaneous  with  the  siderite.  Sphalerite  and  galena 
are  also  found,  more  abimdantly  with  the  siderite  than  around  in  the 
unaltered  formation,  and  this  fact  has  pointed  to  the  possibiUty  that 
these  two  sulphides  may  have  been  here  deposited  by  secondary 
solutions. 

Copper  minerals  in  the  siderite  zone  are  very  faintly  coated  with 
chalcocite.  Gypsum  is  also  found  in  vugs,  even  deeper  than  siderite,  but 
apparently  in  late  circulation  channels. 

Siderite  probably  formed  as  an  advance  mineral,  as  oxidation  pro- 
gressed downward.  This  may  be  proven  by  the  closely  similar  forms 
taken  by  limonite  in  some  gossans  above  enrichment,  and  the  presence 
of  siderite  cores  in  that  limonite.  The  iron  carbonate  has  played  an 
important  economic  rdle  in  serving  as  a  precipitant  for  rich  cuprite  ores 
in  the  Czar  mine,  where  copper-laden  solutions  have  encountered  a  flat 
bed  in  Devonian  Umestone  previously  replaced  by  siderite  and  kaoUn, 
and  have  precipitated  cuprite  and  native  copper  in  considerable  amount. 
Throughout  the  district  cuprite  crystals  can  be  found  on  oxidized  or 
partially  oxidized  siderite. 

Chalcocite 

In  the  zone  of  sidphide  enrichment  chalcocite  was  the  only  secondary 
mineral  of  copper  formed  to  any  extent.  It  was  usually  formed  by  re- 
placement of  the  bomite  and  chalcopyrite  alone,  leaving  the  pyrite  un- 
touched, or  only  sUghtly  coated.  The  broken  up,  replaced  pyrite  grains 
in  the  primary  ore  remain  in  just  about  the  same  amount  and  with  the 
same  relations  to  chalcocite  that  they  had  to  the  primary  minerals. 
When  chalcocite  and  pyrite  are  the  only  remaining  sulphides,  it  is  difficult 
to  beUeve  that  the  iron  mineral  has  not  been  abundantly  attacked  by 
secondary  action.  Pyrite  has  been  replaced  to  a  considerable  extent, 
however,  in  the  enriched  ores  of  the  contact-metamorphic  type,  by  a 
sooty  variety  of  chalcocite  that  possibly  contains  considerable  covellite, 
since  the  latter  has  been  seen  coating  pyrite  grains  in  these  ores. 

In  replacing  the  primary  minerals  chalcocite  behaved  in  different 
ways  depending  on  the  general  feature  of  the  orebody.     In  Ihe  ore  of 
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Sacramento  Hill,  pyrite  is  barely  coated  in  the  very  sericitic  portions  of 
the  porphyry,  and  is  not  affected  appreciably  in  silicified  rock.  The 
selective  action  in  replacing  bornite  is  better  marked  here  than  anywhere 


Fig.  1. 


1 


Fig.  2. 
Plate  15. — Chalcocitb,  cc^  Replacing  Bornite,  6.  Pyrite,  py. 

else  as  is  also  the  replacement  along  crystallographic  lines  of  the  bornite 
in  the  arrangement  commonly  known  as  "lattice  structure."  This 
form  of  alteration  grades  into  the  usual  one  of  veinlets  and  irregular  rem- 
nants, as  is  shown  in  Plate  15.     The  field  occurrence  of  this  ''lattice 
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structure"  alteration  has  been  quite  carefully  followed  in  the  district 
and  found  everywhere  to  coincide  with  slow  or  incipient  enrichment  in 
rich  ores,  and  where  the  selective  enrichment  jof  bornite  in  place  of  chal- 
copyrite  is  well-marked.  This  has  led  to  the  conclusion  that  it  is  a  deli- 
cate process  in  which  crystallographic  weakness  can  be  of  some  influence. 
Etching  of  the  chalcocite  thus  formed  shows  isometric  figures,  probably 
due  to  included  or  dissolved  cupric  sulphide,*®  but  there  are  also  stringers 
in  which  the  chalcocite  has  orthorhombic  cleavage,  and  these  stringers 
can  be  seen  to  form  a  network  of  veins.  The  proximity  and  association 
of  this  orthorhombic  chalcocite  to  major  cracks  and  circulation  channels, 
where  even  limonite  is  formed,  points  to  its  being  due  probably  to  the 
working  over  and  recrystallization  of  the  copper  sulphides  first  derived 
from  bornite. 

Chalcocite  of  the  "sooty"  variety  is  found  most  commonly  in  the 
enriched  ores  of  the  zone  of  contact-metamorphic  limestones.  Massive 
chalcocite  is  here  rare,  and  then  only  at  the  top  of  the  zone  of  enrichment, 
with  considerable  native  copper  present. 

In  the  ores  that  replace  limestone,  the  formation  of  chalcocite  is  accom* 
panied  by  leaching  and  formation  of  abimdant  cavities  in  the  ore,  a  proc- 
ess that  is  reflected  in  the  decrease  of  values  as  previously  shown. 
This  same  thing  is  true  in  ores  that  have  a  very  siliceous  gangue,  such  as 
those  in  contact  breccia.  Pyrite  is  here  oxidized  to  limonite  even  before 
the  copper  minerals  are  replaced  by  <;halcocite,  as  is  shown  in  Plate  16. 

In  the  Southwest  mine  there  is  an  occurrence  of  chalcocite  that  is 
somewhat  different  from  the  usual.  The  Devonian-Escabrosa  contact 
beds  are  replaced  by  silica,  almost  chalcedonic  in  character,  accompanied 
by  abundant  fine  flaky  specularite.  This  siliceous  mass  connects  up 
with  the  main  silica  breccia  replacement  in  this  mine. 

The  top  Devonian  beds  tmder  those  silicified  have  been  hardly  altered 
at  all,  except  for  a  very  slight  amount  of  quartz  addition,  some  recrys- 
tallization of  calcite  in  stringers,  and  the  formation  of  very  fine  veinlets 
as  well  as  disseminated  grains  about  a  millimeter  in  diameter  of  what 
was  apparently  bornite  and  chalcopyrite,  now  replaced  almost  entirely 
by  chalcocite.  The  original  copper  minerals  have  been  found  partially 
replaced  by  chalcocite  in  the  center  of  coarse  calcite  veins  that  protected 
them.  '  Pyrite  is  very  rarely  fotmd. 

The  formation  of  chalcocite  has  taken  place  in  this  instance  under 
conditions  which  would  hardly  allow  the  circulation  of  acid  waters.  A 
considerable  amount  of  carbonates  has  formed,  but  in  general  the  sul- 
phide is  relatively  abundant.  The  possibility  of  chalcocite  formation 
with  the  acid  generated  in  the  replaced  mineral  itself  is  indicated  in  this 
orebody,  though  this  is  by  no  means  perfectly  clear. 


!•  Posnjak,  Allen  and  Merwin:  Economic  Geology ,  vol.  10,  No.  6. 
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Fig.  1. 


Fig.  2. 
Plate  16. — Showing  Oxidation  op  Pybite,  pj/,  to  Limonite,  Z,  before  Replace- 
ment OP  Copper  Minerals  by  Chalcocite,  oc. 
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Covellite 

Covellite  is  formed  in  very  minor  amounts  especially  in  the  narrow 
oxidized  zone  above  the  contact  breccia  ores.  It  replaces  chalcopyrite 
in  preference  to  bomite,  and  is  found  always  in  microscopic  needles. 
The  only  other  occurrences  of  this  mineral  are  where  the  enriched  zone 
touches  highly  silicified,  not  very  sericitic  ores. 

Bomite  and  chalcopyrite  have  been  fotmd  in  many  ores  of  the  dis- 
trict, formed  by  secondary  agencies,  as  transition  products,  but  they  are 
of  no  economic  importance. 

Gangt^  Minerals 

The  gangue  minerals  that  accompany  the  enriched  sulphides  are  halloy- 
site,  kaolin,  gibbsite,  alunite,  and  serpentine  with  mixtures  of  quartz, 
calcite  and  the  oxides  of  iron.  Of  the  aluminous  minerals,  hallo3rsite 
seems  to  be  the  most  common,  especially  in  the  zone  of  highly  altered 
limestones.  Where  the  rock  is  sericitized  so  that  the  mica  flakes  are  well 
formed,  sericite  persists  unaltered  through  the  process  of  enrichment  and 
oxidation. 

Oonde  Ores  and  Native  Copper 

In  the  oxide  ores  just  above  the  secondary  sulphides,  cuprite,  native 
copper,  tennorite,  melanochalcite  and  delafossite  are  found,  but  the  first 
two  are  the  only  ones  of  economic  importance.  The  association  of  cu- 
prite and  siderite  has  already  been  given.  The  zone  of  oxide  has  in  many 
instances  encroached  entirely  on  the  sulphides,  leaving  only  a  remnant 
here  and  there  of  the  latter.  Flat  orebodies  along  the  limestone  bedding 
are  especially  susceptible  to  this  process. 

The  minerals  of  the  residual  orebodies  are  mostly  the  carbonates  mala- 
chite and  aziuite,  with  some  chrysocoUa,  aurichalcite  and  brochantite. 
Besides  these,  there  are  the  sulphides  already  mentioned. 

Carbonates 

The  association  and  the  occurrence  of  the  carbonates  has  been  very 
well  described  by  Dr.  Douglas^^  and  by  Eansome"  and  no  additional  fea- 
tures can  be  given,  except  to  repeat  that  these  minerals  are  found  all 
through  the  oxidized  portion  of  the  ores  that  replaced  unaltered  sediments, 
and  are  still  a  very  important  part  of  the  ore  reserves  of  the  district. 

Other  Ores 

In  recent  years  oxidized  lead  ores  have  become  more  and  more  impor- 
tant, especially  from  around  highly  siliceous  replacements  in  Martin  and 


"  Transactions,  vol.  29,  pp.  511-546  (1900). 
^*  Loc.  cU.,  p.  125. 
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Escabrosa  limestone.    Most  of  this  ore  has  come  from  the'  Southwest 
mine  and  occurs  at  the  edge  of  the  siliceous  breccia,  as  cerussite  with^some 


Fig.  1. — Sphalerite,  «,  and  Galena,  g,  Included  in  Grains  of  Chalcopyritb,  cp. 


Fig.  2. — Chalcocite  and  Malachite.    Alteration  Resembling  Intergrowth. 

Plate  17. 


anglesite  and  variable  silver  and  gold  values.     The  primary  minerals 
from  which  this  ore  was  derived  are  unfortunately  not  present  now,  but 
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it  is  very  probable  that  the  main  one  was  galena^  which,  as  has  been  before 
stated,  is  apt  to  come  in  vein-like  masses  above  the  general  level  of  the 
copper  ores.  Lead  ores  have  also  been  found  with  similar  associations 
in  the  Gardner,  Lowell  and  Briggs  mines. 


Fig.  1. — BoRNiTE  and  PrRrrB  Replacing  the  Cement  in  a 
Calcareous  Sandstone. 
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Fig.  2. — Pybite  Replaced  by  Limonite. 
Plate  18. 


Vanadium,  in  the  form  of  cuprodescloizite  has  been  found  in  the 
Shattuck  mine  in  considerable  amount,  and  rarely  in  the  Dallas  and  Sac- 
ramento. The  occurrence  may  prove  in  future  to  be  of  economic 
importance. 
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Manganese  ore,  in  the  form  of  psilomelane  and  braunite,  with  little 
P3rroIusite,  has  been  mined  lately  from  seVeral  places  on  the  surface  of  the 
district.  It  is  foimd  in  irregular  bunches  as  a  replacement  of  limestone 
beds  in  the  Naco  or  Escabrosa,  close  to  the  contact  breccia,  or  to  highly 
silicified  outcrops  of  the  sediments.  The  origin  of  this  manganese  is  not 
yet  known,  for  although  manganese  is  found  quite  abundantly  with  some 
of  the  carbonate  ores  underground,  it  is  here  in  the  form  of  soft  earthy 
pyrolussite  due  apparently  to  the  concentrating  action  of  oxidizing  water. 
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INTRODUCTION 

The  Inspiration  Consolidated  Copper  Co/s  plant  at  Miami,  Ariz., 
was  designed  and  built  to  make  possible  the  profitable  working  of  a  low- 
grade,  finely  disseminated  copper  deposit  containing  100,000,000  tons  of 
ore  averaging  1.64  per  cent,  in  copper. 

From  the  beginning  it  was  evident  that  the  plant  could  not  be  kept 
integral  but  that  a  break  would  have  to  be  made  somewhere  in  the  flow- 
sheet, removing  at  least  the  concentrator  to  a  site  more  suitable  than 
any  available  near  the  mine.  It  was  finally  decided,  after  considering 
numerous  arrangements,  to  do  the  coarse  crushing  at  the  mine,  to  store 
the  crushed  ore  in  a  bin  from  which  it  could  be  loaded  into  railroad  cars 
and  to  haul  it  to  the  concentrator,  an  excellent  site  for  which  was  available 
about  1%  miles  from  the  mine. 

The  original  intention  was  to  equip  a  plant  to  treat  7,500  tons  of  ore 
per  day,  but  through  the  acquisition  and  proving  up  of  additional  ore 
reserves,  the  introduction  of  the  Ohio  caving  system,  and  the  excellent 
results  obtained  in  the  test  mill  (which  made  it  possible  to  treat  a  lower- 
grade  ore  than  had  been  thought  possible)  it  was  evident  that  a  plant  of 
much  greater  capacity  should  be  supplied.  It  was^  therefore,  decided  to 
treat  approximately  16,000  tons  of  ore  per  day,  the  duties  of  the  four 
main  divisions  to  be  as  follows: 


Divudon 

Operating  Time 
in  Hours 

Capacity  in 
Tons  per  ^our 

Daily  Capacity 
in  Tons 

Available 
Capacity  in  Tons 

Hoisting  plant 

Crushing  plant 

Storage  bin 

Concentrator 

15 
15 

24' 

1,000 
1,000 

625 

15,000 
15,000 

15,000 

25,000 

It  was  realized  from  the  beginning  that  with  such  an  enormous  ton- 
nage to  treat  it  would  be  well  worth  the  time  and  cost  to  carefully  work 
out  a  flow-sheet.'  Accordingly,  a  gravity  test  mill  was  erected  and  placed 
in  operation  near  the  Joe  Bush  shaft  in  November,  1910,  and  its  operation 
was  continued  until  August,  1911.  Soon  after  this,  flotation  began  to 
attract  considerable  attention  in  this  country  and  realizing  the  possibili- 
ties that  might  arise  through  its  systematic  investigation,  it  was  deemed 
advisable  to  go  into  the  process  in  detail.  A  60-ton  Minerals  Separation 
machine  was  first  erected,  which  after  a  few  months  thoroughly  demon- 
strated that  flotation  was  applicable  to  the  concentration  of  the  Inspira- 
tion ores,  but  in  order  to  better  determine  its  proper  place  in  the  flow- 
sheet, a  600-ton  test  mill  was  designed  and  erected  in  1913  on  the  benches 
of  the  concentrator  site,  the  grading  for  which  was  at  this  time  completed. 
Numerous  flow-sheets  were  experimented  with,  the  final  result  being  the 
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one  now  in  use  in  the  concentrator.  A  discussion  of  certain  phases  of 
the  results  accomplished  in  the  test  mill  will  be  given  in  another  section, 
mention  being  made  of  it  here  simply  for  preserving  the  proper  sequence. 

That  the  large-scale  test-mill  method  for  working  out  flow-sheets  for 
large  plants  is  the  only  logical  method,  is  evidenced  by  the  fact  that  in 
nearly  every  stage  of  the  treatment  either  an  entirely  new  machine  has 
Ijeen  adopted  or  a  new  application  has  been  made  of  a  standard  machine; 
the  result  in  each  case  being  either  increased  efficiency  or  a  more  economi- 
cal arrangement.  The  first  mill  was  to  have  a  capacity  of  7,500  tons 
per  24  hr.  This  design  covered  an  area  of  approximately  350,000  sq.  ft., 
or  a  little  over  8  acres.  The  mill  now  in  use  covers  an  area  of  approxi- 
mately 125,000  sq.  ft.,  or  a  little  less  than  3  acres,  but  has  a  capacity  of 
15,000  tons.  The  recovery  in  the  two  types  of  plants  on  favorable  ores, 
that  is,  ores  not  carrying  over  10  points  of  oxide,  may  be  closely  esti- 
mated at  70  per  cent,  for  the  first,  and  85  per  cent,  for  the-  second. 

In  order  to  account  for  the  long  period  required  for  the  design  and 
construction  of  the  plant,  it  may  be  interesting  to  note  that  six  complete 
designs  for  the  concentrator  were  executed,  the  idea  being  to  keep  this 
work  abreast  of  the  developments  brought  out  by  the  test  mill.  Design 
No.  2  was  completed  and  a  contract  entered  into  for  structural-steel  re- 
quirements. A  portion  of  the  steel  had  been  fabricated  when  flotation 
developments  pointed  to  the  fact  that  wet  gravity  concentration  could 
he  greatly  improved  upon.  At  this  point  all  work  on  the  steel  contract 
was  stopped  and  that  portion  of  the  contract  pertaining  to  the  concentra- 
tor wa^  cancelled.  Although  facts  relative  to  flotation  continued  to 
develop,  in  July,  1913,  the  steel  design  for  the  present  concentrator  build- 
ing was  completed.  This  building  was  no  sooner  erected  than  very 
marked  changes  in  grinding  machinery  began  to  develop,  the  ultimate 
result  of  which  was  another  altogether  new  arrangement  for  the  entire 
mill.  As  it  stands  today  there  are  but  three  single  pieces  of  machinery 
in  the  mill  building  occupying  the  places  originally  intended  for  them, 
these  being  the  three  electric  cranes  now  in  use.  Considering  these 
changes  it  is  remarkable  that  such  a  good  arrangement  was  found  possible. 

PLANT  SITES 

The  sites  for  the  plants  as  finally  decided  upon  permitted  of  an  ar- 
rangement entirely  adequate  to  meet  the  proposed  requirements,  but  the 
following  important  features  may  be  noted: 

The  mine  plant  site  is  contiguous  to  the  orebodies  but  at  a  safe  dis- 
tance from  ground  to  be  caved;  it  occupies  a  position  as  regards  elevation 
well  suited  to  a  favorable  hoisting  arrangement  and  allows  of  a  down- 
grade to  the  concentrator  of  0.3  per  cent.  The  shortest  line  from  the 
shafts  to  the  orebodies  approximately  bisects  them,  making  possible  a 
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direct  underground  haulage  system;  the  site  occupies  a  remote  corner  of 
the  property  and  does  not  lie  in  the  general  trend  of  the  mineralized  zone. 
The  mill  site  has  a  slope  favorable  to  the  type  of  mill  erected  and  is  of 
sufficient  area  to  allow  of  an  economical  arrangement  of  the  various  imits 
of  the  plant.  There  is  ample  storage  space  for  tailings  and  an  excellent 
reservoir  site  available  for  the  storage  of  water. 

TYPE  OF  CONSTRUCTION 

As  the  life  of  the  property  was  estimated  to  be  17  years,  or  longer, 
depending  upon  new  developments  in  the  treatment  of  lower-grade  ores, 
it  was  decided  to  make  the  various  structures  of  a  semi-permanent  char- 


FiG.  1. — Mine  Plant  OF  Inspiration  Consolidated  Copper  Co.,  Miami,  Ariz. 
Looking  West.  Showing  Compressor  House,  Main  Shafts,  Coarse-Crushing 
Plant  and  Storage  Bins. 

acter.  The  buildings  are  of  steel  with  corrugated  steel  coverings,  except 
the  concentrator  which  has  a  four-ply  composition  roof.  All  windows  as 
well  as  skylights  are  of  rubber  glass.  The  floors  throughout  are  of  con- 
crete, the  retaining  walls  of  reinforced  concrete,  and  machinery  founda- 
tions of  massive  concrete  with  little  or  no  reinforcing.  Reinforced 
concrete  was  used  wherever  applicable. 

MINE  PLANT 

Under  this  general  heading  will  be  considered  that  portion  of  the  plant 
with  its  adjuncts  which  takes  the  ore  from  the  mine  cars,  hoists  it  to 
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surface^  reduces  it  to  a  size  siiitable  for  mill  treatment  and  places  it  in 
storage,  ready  for  transportation  to  the  concentrator. 

The  relation  between  the  orebodies  and  the  mine  plant  can  be  de- 
scribed as  follows:  Conceive  of  a  chain  of  orebodies  the  lateral  extensions 
of  which  form  a  parabola  with  its  vertex  pointing  to  the  north  and  having 
a  length  of  approximately  9,00(y  ft.  Place  the  main  haulage  ways  on 
either  side  of  the  axis,  60  ft.  apart,  and  open  them  to  surface  through  two 
three-compartment  shafts,  102  ft.  centers,  and  about  750  ft.  from  the 
nearest  approach  of  the  orebodies.  Group  the  mine  plaiat  S3rnmietrically 
about  the  axis  between  the  shafts  and  the  orebodies  and  a  general  idea  of 
their  relation  is  obtained. 

Dual  Arrangement 

As  a  result  of  the  preliminary  studies,  the  dual  arrangement  of  the 
mine  plant  was  evolved,. the  primary  consideration  being  the  necessity 
of  handling  1,000  tons  of  ore  per  hour,  which  in  itself  precluded  the  use 
of  a.  single  shaft.  Two  shafts  would  also  insure  continuity  of  service. 
It  was  then  considered  advisable  to  follow  this  idea  a  step  further  and 
make  the  whole  mine  plant  duplicate  in  its  arrangement,  which  would 
give  reasonable  assurance  against  total  shutdowns  and  also  permit  of  a 
better  load  factor. 

Underground  Haulage 

Underground  haulage,  for  transporting  crude  ore  from  the  stope 
chutes  to  the  loading  stations' at  the  main  shafts,  is  confined  to  two  levels, 
the  600  or  main  haulage  level,  and  the  400  level.  The  main  haulage  level 
is,  in  turn,  made  up  of  two  distinct  systems,  each  serving  its  main  shaft. 
AU  haulage  is  to  be  controlled  by  a  block  signal  system. 

Two  types  of  motive  power  for  underground  haulage  were  considered 
— electric  and  compressed  air.  On  account  of  less  danger  to  life  due  to 
the  elimination  of  bare  conductors,  the  compressed-air  locomotive  was 
chosen  rather  than  the  electric.  The  difference  in  the  efficiency  of  the 
two  systems  is  probably  a  small  percentage  of  the  total  cost.  "Safety 
First"  was  therefore  the  deciding  factor. 

The  locomotives  are  of  the  two-stage,  four-wheeled  type,  and  have  a 
weight  on  the  drivers  of  10  tons.  The  initial  cylinder  air  pressure  is  250 
lb.,  and  the  charging  pressure  800  lb.  per  square  inch.  The  haulage 
capacity  per  charge  was  estimated  at  60  ton-miles.  The  locomotives 
haul  25  cars,  each  of  5  tons  capacity,  on  a  30-in.  gage  track  over  a  0.4  per 
cent,  grade  in  favor  of  the  load,  and  will  negotiate  a  curve  of  38  ft.  radius. 

All  ore  tapped  from  the  stope  chutes  is  broken  to  pass  a  12-in.  grizzly 
so  that  no  further  attention  has  to  be  given  to  it  after  it  is  once  in  the 
cars.  At  the  shafts  the  cars,  weighing  14,000  lb.  each  loaded,  are  dumped, 
five  at  a  time,  by  motor-operated  tipples,  one  for  each  shaft  on  the  600 
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or  main  haulage  level,  with  a  third  on  the  400  level.    All  hoisting  is  done 
from  the  main  haulage  level. 

Tipples 

The  tipples  have  an  overall  length  of  56  ft.,  and  make  a  complete 
revolution  in  15  sec.  The  driving  shaft  is  connected  through  suitable 
gearing  to  a  35-hp.  motor  which  runs  continuously  in  one  direction,  the 
starting  and  stopping  of  the  tipple  being  accomplished  by  means  of  a 
friction  clutch  located  on  the  intermediate  shaft.  Each  tipple  is  provided 
with  an  automatic  stop  which  brings  it  into  the  proper  position  for  run- 
ning on  and  off  the  cars,  this  stop  being  released  by  means  of  a  foot  lever 
on  the  operator's  platform.  The  two  main  tipples  are  operated  from  a 
centrally  located  platform. 

Underground  Pockets 

The  tipples  on  the  600  lev-el  dump  directly  into  two  main  underground 
pockets  (Fig.  2),  which  serve  as  storage  for  the  four  automatic  measuring 
and  loading  devices  that  are  placed  beneath  them.  The  capacity  of  each 
pocket  is  1,600  tons,  or  800  tons  for  each  loader,  which,  with  fuU  pockets, 
will  run  the  crushing  plant  about  3  hr.  They  are  of  reinforced-concrete 
construction  throughout  and  are  lined  with  2-in.  planks.  The  upper 
pocket  has  a  capacity  of  500  tons  and  is  connected  to  the  lower  pockets 
by  an  inclined  chute. 

AiUomatic  Measuring  and  Loading  Devices 

To  carry  out  the  automatic  feature  of  the  hoisting  equipment,  it  was 
desirable  to  make  the  loading  of  the  skips  automatic.  There  being  noth- 
ing on  the  market  which  could  be  used  for  this  purpose,  it  was  necessary 
to  work  up  complete  designs  in  accordance  with  original  ideas. 

In  a  few  words  the  device  (illustrated  in  Figs.  3a  and  36)  can  be  de- 
scribed as  follows: 

Ore  from  one  of  the  1,600-ton  underground  pockets  rests  on  a  roll 
feeder  which  is  actuated  by  a  pawl  and  ratchet  wheel,  and  is  fed  into  a 
12-ton  measuring  hopper.  This  hopper  is  suspended  between  the  legs 
of  a  U-shaped  scale  beam  with  fulcrums  at  the  two  ends.  Through  a 
link  at  the  middle  of  the  yoke  the  proportional  weight  of  the  hopper  and 
ore  is  transferred  to  the  main  scale  beam  which  carries  a  counterweight 
of  1,370  lb.  Motion  obtained  from  the  counterweight  scale  beam  when 
the  hopper  becomes  filled  is  utilized  to  operate  a  system  of  levers  and 
lift  the  pawl  from  the  ratchet  wheel,  thus  stopping  the  roll  feeders.  The 
hopper  is  now  ready  to  be  emptied. 

As  the  returning  empty  skip  settles  on  the  chairs,  it  strikes  an  arm 
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projecting  out  into  the  shaft.  This  arm  is  connected  by  a  system  of  links 
to  the  shaft  on  which  the  yoke  of  the  gate  forming  the  bottom  of  the 
hopper  is  hinged.  The  motion  imparted  to  the  system  by  the  skip  trips 
the  gate  yoke,  the  weight  of  the  ore  in  the  hopper  causes  the  gate  to  drop 
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Section  Looking  West 


Section  Looking  Noith 

Fig.  2. — Arrangement  op  Underground  Pockets. 


into  the  skip  chute,  and  the  hopper  is  emptied  into  the  skip.  As  soon  as 
it  is  empty,  a  counterweight  on  the  gate  causes  it  to  close,  all  motions 
are  reversed  and  the  measuring  hopper  is  again  filled. 

A  cutroB  gate  prevents  the  roll  feeder  from  becoming  bare  in  case  the 
pocket  should  be  emptied.     A  5-ft.  layer  of  ore  thus  protects  the  feeder 
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Sectional  Front  Elevation 
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Line  DUgxAia  ibovrUig  Principle  of  Operation 

Fig.  3o. — Automatic  Orb  Measuring  and  Loading  Devices. 
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SMtlonal  Side  Elevatkm 
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Fig.  36. — Automatic  Orb  Measuring'  and  Loading  Devices. 
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and  does  away  with  excessive  impacts  due  to  the  dumping  of  the  ore  from 
the  tipple  50  ft.  above.  A  5-hp.  motor  furnishes  the  required  power  for 
the  roll  feeders  of  each  pair  of  loaders. 

Shafts 

Taken  individually  the  shafts  do  not  deviate  materially  from  usual 
designs,  being  of  reinforced  concrete  throughout.  They  are  of  the  same 
size,  each  being  made  up  of  three  compartments  5  ft.  6  in.  by  5  ft.  11  in., 
the  two  south  compartments  of  either  shaft  being  for  the  ore  skips.  The 
north  compartment  in  the  West  Main  serves  the  man  elevator  and  the 
corresponding  compartment  in  the  East  Main  is  taken  up  by  pipe  lines, 
ladderways  and  the  elevator  counterweight.  All  platforms,  supports, 
and  ladders  in  this  compartment  are  of  steel.  The  conduits  carrying  the 
power  and  lighting  circuits  underground  are  in  the  end  walls,  being 
brought  to  junction  boxes  every  100  ft. 

Ore  and  SpilUige  Skips 

The  ore  skips  are  built  according  to  special  designs.  They  have  a 
nominal  capacity  of  12  tons  and  weigh  17,000  lb.  each.  The  overall 
length  is  21  ft.,  the  skip  proper  being  14  ft.  deep.  The  body  is  of  ^^-in. 
steel  plate  with  liners  to  take  up  concentrated  wear. 

In  order  to  keep  the  sumps  at  the  bottom  of  the  shafts  clean  and  to 
facilitate  the  handling  of  ore  which  does  find  its  way  below  the  skips, 
spillage  skips  have  been  installed  (Fig.  2).  These  rest  on  chairs  17  ft. 
below  the  ore-skip  chairs  and  by  means  of  hinged  aprons  completely 
close  off  the  shaft.  When  one  is  filled  it  is  attached  to  the  bottom  of  the 
ore  skip  and  hoisted  to  the  top  of  the  underground  pocket,  where  by  open- 
ing a  hopper  bottom  it  is  discharged.  They  have  a  capacity  of  9  tons 
each. 

Automatic  Hoists 

At  the  time  it  was  decided  to  sink  two  shafts  the  conditions  seemed  to 
favor  the  use  of  two  entirely  independent  hoists,  located  symmetrically 
on  either  side  of  the  main  headframes.  It  was  next  proposed  to  put  the 
two  hoists  under  the  same  roof  but  to  operate  them  independently  of  each 
other.  Then  on  account  of  the  advent  of  several  new  conditions  it  was 
deemed  advisable  to  make  the  operation  of  the  hoists  automatic. 

While  the  hoists  are  entirely  automatic  in  their  operation,  either  can 
be  manually  operated  independently  of  the  other  if  so  desired.  No  at- 
tempt will  be  made  to  cover  the  automatic  features  of  the  installation  as 
these  are  presented  in  detail  in  another  paper.  ^    SuflSce  it  to  say  here 


^  H.  Kenton  Burch  and  M.  A.  Whiting  :  Automatic  Operation  of  Mine  Hoists 
as  Exemplified  by  the  New  Electric  Hoists  for  the  Inspiration  Consolidated  Copper 
Co.,  BvlUiin  No.  Ill,  pp.  583  to  696.     (March,  1916.) 
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thai  the  problem  as  presented  has  been  solved  in  a  most  efficient  manner^ 
sufficient  proof  being  the  entire  satisfaction  that  the  equipment  has  thus 
far  given. 

Man  Elevator 

When  the  question  of  handling  men  came  up^  several  possibilities  as 
regards  point  of  distribution  presented  themselves.  They  could  be 
handled  through  an  existing  tunnel,  hoisting  or  lowering  to  the  working 
levels  through  an  inclined  shaft,  or  entirely  through  an  inclined  shaft,  or 
through  one  of  the  main  shafts.  Whichever  scheme  proved  the  most 
feasible,  the  idea  was  to  have  the  men  do  as  little  walking  as  possible, 
ample  provision  to  be  made  for  transferring  them  from  change  house  to 
working  places.  It  was  finally  decided  that  distribution  from  the  main 
shafts  was  the  most  logical  and  the  shafts  were  equipped  accordingly. 

The  next  consideration  was  the  type  of  hoists  to  be  used.  Standard 
mine  practice  favored  a  separate  hoist,  manually  operated  and  working 
against  a  counterweight.  This  type  made  necessary  the  services  of  two 
attendants,  one  on  the  cage  and  one  at  the  hoist,  but  in  working  out 
probable  operating  costs  the  idea  was  conceived  of  eliminating  the  hoist 
attendant  by  an  application  of  the  elevator  principle*  Studies  along  this 
line  were  at  once  begun,  but  no  great  amount  of  enthusiasm  among  the 
manufacturers  could  be  aroused  on  account  of  the  unusual  conditions. 
Equipment  was  wanted  to  handle  a  counterweighted,  double-deck  cage, 
weighing  7,100  lb.  and  loads  of  7,600  lb.,  the  maximum  speed  of  the  cage 
to  be  800  ft.  per  minute.  The  fact  that  the  hoist  and  counterweight 
would  have  to  be  removed  from  the  elevator  shaft  also  presented  a  new 
feature  in  the  design.  It  may  be  said,  however,  that  placing  the  hoist 
in  the  headframes  directly  above  the  shaft,  as  is  the  usual  practice  in 
office  building  design,  was  at  one  time  considered. 

The  equipment  as  installed  is  operated  entirely  from  the  cage,  the 
hoist,  motor-generator  set,  and  control  apparatus  being  in  the  hoist  house 
about  220  ft.  away.  The  motor  driving  the  direct-current  generator  on 
the  motor-generator  set  has  a  rating  of  190  hp.,  the  generator  developing 
130  kw.  The  hoist  is  driven  by  a  158-hp.  direct-current  motor.  It  is 
provided  with  a  safety  brake,  so  arranged  that  when  the  hoist  is  stopped 
the  brake  is  automatically  applied  to  hold  the  cage.  This  brake  is  actu- 
ated by  spring  pressure,  is  constantly  in  service  except  when  electrically 
released  during  normal  operation  of  the  hoist  and  is,  therefore,  instantly 
applied  in  case  the  cuirent  supply  is  interrupted  from  any  cause.*^  Addi- 
tional safety  devices  are  provided  which  take  care  of  overwind,  overload 
on  motor,  slack  cable,  etc.  Two  oil-cushioned  buffers  are  provided  at 
the  bottom  of  the  shaft,  being  so  designed  as  to  bring  the  loaded  cage  to  a 
gradual  stop  in  case  the  cage  from  any  cause,  while  running  at  normal 
speed,  should  not  stop  at  the  lower  terminal.     The  cage  is  equipped  with 
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a  telephone  which  keeps  the  attendant  in  touch  with  the  hoist  house, 
also  with  an  annunciator  system  covering  the  several  levels. 

Each  level  and  the  collar  are  provided  with  twonstory  stations  that 
make  it  possible  to  load  both  decks  without  shifting.  The  cage  accom- 
modates 36  to  40  men  besides  the  attendant.  The  surface  station,  which 
is  in  the  headframe,  is  connected  with  the  change  house  by  a  covered 
runway.  From  the  underground  stations  the  men  are  transferred  to  the 
various  working  places  in  cars  accommodating  12  men  each  and  drawn 
by  the  haulage  locomotives. 

The  flow-sheet  in  Fig.  7  should  be  referred  to  in  connection  with  the 
following  description  of  the  surface  plant  of  the  Inspiration  company. 

Crushing  Plant 

The  loaded  ore  skips  assume  a  dumping  position  at  a  point  about 
midway  between  the  shaft  collars  and  the  center  of  the  sheaves,  leaving 
about  25  ft.  for  possible  overwinding.  The  sheaves  are  125  ft.  above  the 
shaft  collars.  They  are  12  ft.  in  diameter  and  are  pressed  on  8|^-in. 
shafts;  8-ft.  sheaves  on  6-in.  shafts  are  used  for  the  man-elevator  ropes. 
The  dumping  tracks  are  of  usual  design. 

Crude-ore  Bin 

By  means  of  chutes  leading  away  from  one  compartment  of  each  shaft, 
an  even  distribution  of  the  ore  is  effected  throughout  the  length  of  the 
2,000-ton  crude-ore  bin.  This  bin  is  of  rather  unusual  design  and  very 
nearly  self-cleaning.  The  bottom  slopes  down  45**  each  way  from  a  hip 
center,  toward  the  vertical  back  and  front,  a  section  resembling  an  in- 
verted capital  M.  Gates  are  placed  under  the  bin  on  the  slope  toward 
the  back  as  well  as  on  the  front  of  the  bin.  This  arrangement  of  bottom 
and  gates  not  only  allows  the  bin  to  be  emptied  but  the  ore  is  prevented 
from  packing  or  hanging  up  by  drawing  off  alternately  from  the  rear  and 
front  gates.  The  gates  are  48  in.  wide  and  are  operated  by  rack  and 
pinion  from  runways. 

For  each  of  the  four  units  of  the  crushing  plant  two  gates,  one  under 
the  bin  and  one  in  front,  discharge  on  an  apron  feeder  that  travels  across 
and  under  the  bin,  delivering  the  ore  upon  a  3-in.  bar  grizzly  feeding  a 
No.  8  gyratory  crusher  set  to  crush  to  4-in.  cubes  (Fig.  4). 

The  apron  feeders  have  a  width  of  48  in.,  a  length  of  25  ft.  6  in.  be- 
tween centers  and  travel  at  7  ft.  per  minute;  20-in.  belt  conveyors  travel- 
ing at  7  ft.  per  minute  and  driven  from  the  feeder  sprockets  are  placed 
beneath  the  feeders  to  take  care  of  drippings.  These  discharge  into 
chutes  that  join  the  undersize  from  the  grizzlies.  Wood  scraps  are 
removed  from  the  ore  at  the  discharge  end  of  the  apron  feeders  and  also 
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from  the  inclined  conveyors  leading  to  the  disk  crushers.  These  scraps 
are  carried  away  by  two  20-in.  belt  conveyors  traveling  at  75  ft.  per 
minute^  running  across  the  building  and  dumping  outside. 

One  of  the  four  similar  crushing  units  will  be  described  in  the  following 
paragraph.     Fig.  4  shows  a  cross^section  of  the  crushing  plant. 

Description  of  Crushing  Unit 

The  discharge  from  the  gyratory  and  the  undersize  from  the  grizzly 
are  conveyed  by  a  30-in.  incUned  belt  conveyor  to  two  48-in.  disk  crushers, 


'■38  JuclJni-  CouTiyori 

1200'^ H 

Fia.  4 — Section  of  Coabse-Crubhing  Plant. 

the  ore  first  passing  over  a  IJ^-in.  bar  grizzly.  This  conveyor  has  a 
magnetic  head  pulley  for  removing  tramp  steel.  The  48-in.  disk  crushers 
are  set  with  a  maximum  opening  of  2  in.,  their  discharge  and  the  under- 
size from  the  IJ^-in.  grizzlies  joining  on  two  36-in.  horizontal  cross  belts 
which  in  turn  discharge  at  the  center  of  the  building  on  the  two  main 
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inclined  belts,  also  36  in.  in  width.  These  belts  are  300  ft.  long,  travel 
at  350  ft.  per  minute  and  are  equipped  with  hand-adjusted  tail-pulley 
take-ups  and  also  with  weighted  tension  carriages.  They  discharge  on 
four  24-in.  horizontal  conveyors  over  the  storage  bin,  each  of  which  has  an 
automatic  tripper  which  distributes  the  ore  uniformly  throughout  the 
bin.  Weightometers  are  placed  on  the  two  main  inclined  belts,  thus  giv- 
ing a  record  of  the  ore  handled. 

Storage  Bin 

The  purpose  of  the  storage  bin  in  connection  with  a  mine  plant  is 
identical  with  that  of  a  flywheel  on  an  engine:  "To  give  out  and  absorb 
energy  when  variation  in  the  load  occurs  suddenly."  It  does  away  with 
the  necessity  of  maintaining  a  nice  balance  between  mine  and  mill  and 
allows  either,  for  a  short  time,  to  cease  running  altogether,  or  to  run  at  a 
lessened  capacity.  Where  the  mill  is  removed  from. the  mine  plant,  it 
also  furnishes  an  economical  means  of  transferring. the  ore  into  railroad 
cars.  Besides  this  it  allows  of  a  hoisting  and  crushing  period  considerably 
less  than  full-time  running,  a  very  important  consideration,  since  there 
are  always  repairs  to  be  made  in  shafts,  to  loaders,  tipples,  hoists,  and 
crushing  machinery: 

The  Inspiration  storage  bin  is  double  tracked,  has  an  available  capac- 
ity of  25,000  tons  and  will  load  a  train  of  14  cars  without  switching.  The 
base  is  of  reinforced  concrete,  and  is  provided  with  four  expansion  joints. 
The  bin  proper  and  conveyor  housing  are  of  steel.  The  main  dimensions 
of  the  bin  are  as  follows:  Overall  length  465  ft.;  width  40  ft.;  depth  40  ft. 
The  bin  is  divided  into  three  compartments,  the  two  end  compartments 
being  for  the  storage  of  special  ores  if  any  such  ever  be  encountered. 
They  are  comparatively  small,  accommodating  one  car  on  each  track 
and  having  an  available  capacity  of  1,700  tons  each. 

The  distributing  belts  are  driven  by  two  50-hp.  motors  located  at 
either  end  of  the  bin.  The  ore  is  drawn  off  through  hand-operated  gates 
of  the  swinging  cut-off  type,  there  being  three  gate  openings  for  each  car. 

Sampling  Plant 

The  heads  sampler  is  placed  at  the  point  where  the  main  inclined  belts 
discharge  on  the  horizontal  cross  belts  (Fig.  7).  This  sampler  consists 
of  a  rectangular  cast-iron  bucket,  9  by  30  in.,  on  the  end  of  a  revolving  arm 
10  ft.  in  length.  The  bucket  runs  on  a  circular  track  12  ft.  4  in.  in  diame- 
ter and  is  driven  through  a  worm  wheel  mounted  on  a  vertical  shaft, 
making  a  revolution  every  40  sec.  The  bucket  has  a  swinging  cut-ofiF 
type  of  gate  for  a  bottom.  In  its  travel  it  cuts  the  two  main  ore  streams, 
taking  out  H20>  ^^^  at  a  point  180®  from  the  ore  stream  strikes  a  tripper 
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which  causes  the  gate  to  open  and  the  sample  to  be  discharged  into  a 
10-ton  hopper.  From  the  hopper  the  sample  is  fed  by  a  roll  feeder  and 
started  on  its  way  through  the  sampling  plant;  which  is  located  against 
the  center  of  the  storage  bin  opposite  the  main  conveyors.  Here  the 
sample  is  first  passed  through  a  24-in.  disk  crusher.  A  3^5  ^^^  ^  ^^^^ 
made  with  a  Snyder  sampler  and  this  cut  is  delivered  to  a  set  of  27  by 
14-in.  rolls.  The  roll  product  is  cut  by  a  second  Snyder  sampler,  this 
Hs  <^ut  going  to  a  mixing  dnma  that  equaUzes  the  flow.  The  resulting 
stream  is  delivered  to  a  duplex  Vezin  sampler  making  two  J^o  cuts. 
These  samples  are  duplicates  and  weigh  110  lb.  each;  representing  a  day's 
run.  The  rejects  from  the  three  samplers  go  to  an  elevator  that  dis- 
charges into  the  storage  bin. 

Motors  and  Other  Eqitipmbnt 

The  four  units  of  the  crushing  plant  are  driven  by  four  200-hp.  motors 
located  in  two  dustproof  rooms,  symmetrically  arranged  on  either  side  of 
the  plant.  Except  for  some  minor  reductions,  belt  transmission  is  used 
throughout. 

Two  20-ton  electric  cranes  are  installed  in  the  plant,  one  to  serve  the 
gSH'atories,  the  other  the  disk  crushers,  motors,  etc.  These  are  in  turn 
connected  to  the  yard  track  by  transfer  cars  and  a  20-ton  electric  trolley 
hoist,  running  at  right  angles  outside  of  the  building.  Each  200-hp. 
motor  is  served  by  a  6-ton  crawl  so  arranged  as  to  allow  of  crane  handling 
after  leaving  the  motor  room.  A  repair  car  and  track  near  the  gyratories 
permits  of  easy  handling  of  their  driving  mechanisms,  or  bottom  plates. 

Compressor  Equipment 

Compressed  air  is  used  for  two  distinct  purposes:  For  underground 
haulage,  and  for  mine  drills.  For  the  first,  1,000-lb.  air  is  used  and  for 
the  second,  100-lb.  The  haulage  system  is  served  by  two  compressors, 
each  having  a  capacity  of  1,125  cu.  ft.  of  free  air  per  minute  at  107  r.p.m. 
These  are  of  the  duplex,  four-stage,  power-driven  type,  the  cylinders  being 
cross-compounded,  water-jacketed,  and  having  intercoolers  between  the 
stages.  These  compressors  have  an  automatic  regulating  arrangement 
whereby  the  1,000-lb.  discharge  Une  is  cut  out  when  a  predetermined  high- 
pressure  point  has  been  reached,  and  the  four  cylinders  converted  into  a 
double-compound  compressor,  discharging  directly  into  the  100-lb.  main. 
Each  compressor  is  driven  by  a  430-hp.  self-starting,  synchronous  motor. 

The  low-pressure  equipment  consists  of  two  100-lb.  compressors  hav- 
ing capacities  of  3,000  and  7,270  cu.  ft.  of  free  air  per  minute.  Both 
compressors  are  of  the  parallel,  two-stage  type,  all  cylinders  being  water- 
jacketed  with  intercoolers  between  the  two  stages.     The  7,270-ft.  machine 
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is  equipped  throughout  with  Hoerbiger-Roegler  plate  valves,  which  on 
account  of  the  very  short  movement  and  exceedingly  light  construction 
permit  of  a  high  compression  eflSciency.  The  cylinders  of  this  machine 
are  46-in.  and  28  by  36-in.  stroke.  It  is  driven  by  a  self-starting  synchron- 
ous motor  of  1,150  hp.  The  3,000-ft.  machine  is  driven  by  a  600-hp. 
self -starting,  synchronous  motor  at  107  r.p.m. 

Two  100-kw.,  125-volt,  motor-generator  sets  arranged  to  operate  in 
parallel  serve  as  exciters  to  the  compressor  motors.  Cooling  water  for 
the  jackets  and  intercoolers  is  obtained  from  a  circulating  system  con- 
sisting of  a*  duplicate  installation  of  750-gal.  triplex  pumps  and  a  spray 
cooling  pond. 

The  compressors  and  hoisting  equipment  are  housed  in  a  spacious  and 
well-lighted  building  which  has  a  26-ton  electric  crane  running  its  entire 
length  connecting  at  one  end  with  a  well  into  which  railroad  cars  can  be 
run  and  unloaded.  A  22-panel,  remote-control  switchboard,  together 
with  the  low-tension  (2,200-volt)  bus  equipment,  occupy  a  room  along  one 
side  of  the  building,  the  high-tension  transformer  station  being  outside 
near  one  end  of  the  building.  Only  two  attendants  per  shift  are  required, 
one  being  an  oiler.  Without  the  automatic  features  for  hoisting  ore  and 
the  elevator  for  handling  men,  at  least  four  would  be  required. 

CONCENTRATOR 

The  considerations  which  led  to  the  type  of  plant  finally  decided  upon 
will  first  be  given;  this  will  be  followed  by  a  description  of  the  plant. 
The  concentrator  includes  the  concentrates  filter  plant.  Fig.  6  shows  the 
concentrator  with  its  adjuncts. 

600-ToN  Test  Mill 

The  underlying  principle  that  pervaded  the  work  in  this  mill  was  to 
carry  on  all  experiments  with  the  idea  constantly  in  mind  that  the  particu- 
lar method  or  machine  under  test  might  eventually  be  installed  in  the 
new  mill. 

The  test  mill  was  put  up  primarily  to  try  out  flotation  on  a  large  scale 
in  order  to  determine  its  proper  application  to  Inspiration  ores.  Since 
the  flotation  process,  as  applied  to  the  concentration  of  copper  ores,  was 
an  innovation,  it  was  logical  to  suppose  that  in  its  last  analysis  the  flow- 
sheet might  differ  altogether  from  wet  concentration  methods.  This  did 
not  prove  to  be  the  case,  but  the  assumption  was  made  and  it  was  for 
this  reason  that  the  test  mill  was  made  so  flexible. 

The  test  mill  was  started  February,  1914.  The  concentrates  sold 
have  paid  the  expenses  of  erection  and  operation,  a  remarkable  record 
for  a  test  plant.  It  has  treated  from  600  to  1,000  tons  per  day,  the 
amount  depending  upon  the  types  of  machines  being  tested. 
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The  building  is  of  timber,  covered  with  corrugated  steel.  This  type 
of  building  was  chosen  because  it  would  facilitate  changes  or  additions, 
was  the  cheapest  and  quickest  form  of  construction,  and  would  still  have 
considerable  value  when  dismantled.  All  machinery  was  placed  on  con- 
crete foundations. 

The  ore  for  the  test  mill  was  taken  from  a  development  shaft  and  re- 
duced to  3-in.  cubes  in  a  No.  8  gyratory  crusher  located  nearby,  the 
crushed  ore  being  loaded  into  cars  which  emptied  into  a  180-ton  bin  at 
the  head  of  the  test  mill.  The  following  description  gives  the  way  in 
which  the  mill  was  first  run,  the  various  additions  and  changes  being  noted 
in  sequence. 

Two  30-in.  apron  feeders  delivered  ore  from  the  bin  to  an  inclined 
20-in.  belt  conveyor,  which  was  equipped  with  a  recording  weighing 
machine  and  a  magnetic  head  pulley.  This  conveyor  delivered  the  ore 
to  a  36-in.  Symons  horizontal  disk  crusher  and  a  Symons  48-in.  fine  reduc- 
tion disk,  or  vertical  disk  crusher.  These  two  machines  delivered  to  a 
second  20-in.  inclined  conveyor.  If  so  desired  the  two  crushers  could  be 
bypassed,  the  delivery  then  being  made  direct  to  the  second  conveyor. 
This  permitted  the  crushers  below  the  second  conveyor  to  be  tried  either 
as  primary  or  secondary  machines.  The  second  conveyor  delivered  the 
ore  to  another  48-in.  fine  reduction  disk  and  a  Symons  48-in.  roller  mill. 
Water  could  be  added  either  above  or  below  these  crushers.  The  ore 
then  went  to  four  Hardinge  mills,  the  feed  to  which  was  regulated  within 
suitable  limits  by  a  mechanical  distributor.  Three  of  these  mills  were 
8  ft.  in  diameter  with  barrels  36  in.,  44  in.  and  72  in.  long,  all  being  direct- 
driven  by  induction  motors.  The  fourth  mill  was  10  ft.  in  diameter,  had 
a  barrel  length  of  28  in.  and  was  belt-driven.  All  of  these  machines  were 
pebble  mills  with  either  silex  or  El  Oro  linings. 

A  drag  classifier  followed  each  mill,  the  whole  floor  being  so  arranged 
that  each  mill  could  be  placed  in  a  closed  circuit  with  its  drag  or  two  mills 
and  their  drags  run  in  tandem,  that  is,  the  first  mill  discharged  into  a 
drag,  the  sand  from  which  was  delivered  into  the  second  mill  which  in 
turn  discharged  into  the  second  drag.  The  sand  from  the  second  drag 
was  returned  to  join  the  sand  from  the  first  drag  to  form  the  feed  for  the 
second  mill.  The  overflow  from  the  drag  was  delivered  either  to  eight 
sand  tables  by  two  distributors,  or  sent  to  other  distributors  which  fed 
eight  sUme  tables  at  the  lower  end  of  the  mill. 

Between  the  sand  and  the  slime  tables  were  placed  the  flotation  ma- 
chines which  could  be  fed  directly  from  the  drag  overflow  or  by  any  table 
product.  The  original  installation  consisted  of  two  Minerals  Separation 
eight-compartment  flotation  machines,  one  of  60-ton  and  the  other  of 
600-ton  capacity.  By  means  of  elevators  any  flotation  product  could  be 
retreated  on  the  slime  tables  or  in  the  small  flotation  machine. 

The  concentrates  from  the  tables  and  flotation  machines  went  to  a 
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filter  plant  containing  an  Oliver  and  a  Trent  filter.  The  dried  concen- 
trates were  loaded  into  1-ton  cars,  weighed  and  dumped  into  a  railroad 
bin  from  which  they  were  taken  to  the  smelter. 

Mechanical  samplers  were  installed  at  important  points  and  hand 
samples  taken  where  necessary.  ^ 

The  crushing  and  grinding  experiments  were  not  only  extensive  but 
proved  most  interesting,  the  results  being  quite  unexpected.  The  36-in. 
disk  crusher  represented  the  48-in.  disk  crushers  now  installed  in  the 
crushing  plant  following  the  gyratories. 

As  secondary  or  intermediate  crushers,  that  is,  machines  between  the 
36-in.  Symons  disk  and  the  Hardinge  mills  the  following  were  tried  out: 
The  Symons  48-in.  fine  reduction  disk;  the  Symons  48-in.  roller  mill;  the 
Symons  56  by  48-in.  ring  mill;  the  Bradley  66-in.  centrifugal  roller  mill; 
the  Overstrom  centrifugal  crusher;  the  Allis-Chalmers  No.  4  hammer  mill; 
and  the  Marcy  ball  mill. 

The  final  results  indicated  that  the  Symons  fine  reduction  disk,  with 
a  little  redesigning,  would  be  an  eflBlcient  machine  for  the  limited  field  of 
crushing  from  4-in.  cubes  to  4-mesh.  It  was  found  that  this  could  be 
done  with  a  single  pass,  no  oversize  resulting.  The  machine  would  not 
work  well  wet  and  it  was  found  necessary  to  remove  all  fines  from  the 
feed  to  the  machine,  otherwise  a  packing  would  occur.  Consumption  of 
steel  wearing  parts  appeared  low,  as  also  did  power  consumption,  although 
no  definite  results  as  to  these  two  points  were  obtained. 

The  Marcy  mill  also  proved  to  be  a  most  excellent  intermediate 
crusher,  handling  as  high  as  800  tons  of  3-in.  feed  and  under  to  pass  an 
8-mesh  screen  without  return  of  oversize. 

To  compete  with  the  four  Hardinge  mills  a  6  by  20-ft.  Chalmers  & 
Williams  tube  mill  and  an  8  by  5-ft.  ball  mill  were  installed.  The  latter 
was  a  Marcy  mill  using  5-in.  diameter  steel  balls.  It  was  placed  in  a 
closed  circuit,  as  were  the  pebble  mills,  and  gave  good  results.  It  was 
next  tried  on  a  feed  from  the  36-in.  disk  crusher  and  then  on  a  feed  direct 
from  the  gyratory.  These  experiments  definitely  demonstrated  that  only 
three  reductions  were  necessary:  A  gyratory,  followed  by  a  disk  crusher 
and  ball  mills  in  a  closed  circuit.  This  is  the  arrangement  installed  in 
the  present  plant. 

Several  different  classifiers  were  tried  in  the  ball-mill  circuit,  a  spe- 
cially designed  duplex  Dorr  classifier  being  adopted. 

The  flotation  machines  and  the  tests  conducted  on  them  are  described 
in  another  paper,*  but  it  is  interesting  to  note  here  that  the  following 
machines  were  tried  out:  Minerals  Separation,  Hoover  and  Hebbard 
types;  the  Callow  flotation  cells;  the  Cole-Bergman;  and  the  Inspiration 
machine. 

'Rudolph  Grahl:  History  of  the  Flotation  Process  at  Inspiration,  BtUleiin  No. 
117,  September,  1916. 
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The  Inspiration  machine  was  devised  during  the  operation  of  the  test 
mill. 

The  concentrator  is  equipped  as  follows:  4  units  with  the  Callow 
machines;  13  units  with  the  Inspiration  machines;  and  1  unit  with  the 
Minerals  Separation  machines. 

The  drag  classifier  as  originally  tried  out  proved  to  be  too  small  for 
the  tonnage  required,  the  drag  now  in  the  concentrator  having  been 
developed  from  the  small  one. 

The  tables  tested  were  the  Deister  Machine  Co.'s  double-deck  slimers, 
double-deck  sand  tables,  and  four-deck  slimer;  the  Deister  Concentrating 
Co.'s  single-deck  slimer,  double-deck  sand  table  and  No.  4  sand  machine; 
and  the  Wilfley  No.  6  table  with  decks  arranged  for  both  sand  and  slime. 
The  Deister  Machine  Co.'s  double-deck  sand  table  was  adopted,  198 
being  installed. 

This  sketch  of  the  test  mill  does  not  bring  out  the  many  small  things 
experimehted  with,  such  as  shaking  screens,  Caldecott  cones,  samplers, 
feeders,  slopes  of  launders  and  conveyors,  or  the  necessary  efforts  to 
work  out  improvements  on  the  new  machines. 


The  15,000-Ton  Concentrator 

The  ore  comes  from  the  mine  plant  in  14-car  trains,  and  is  dumped 
into  the  concentrator  bins,  which  have  a  capacity  of  12,000  tons,  or  670 
tons  per  unit  (Figs.  5  and  6).  These  bins  are  of  the  suspension  type,  are 
double  tracked,  and  extend  the  full  length  of  the  mill,  300  ft. 

The  mill  is  made  up  of  18  units,  similar  in  equipment  except  for  the 
differences  in  the  flotation  department.  Eighteen  30-in.  apron  feeders, 
located  on  the  center  line  of  the  bin,  feed  the  ore  to  20-in.  inclined  con- 
veyor belts  traveling  at  150  ft.  per  minute.  Weightometers  are  installed 
on  these  belts,  which  record  the  amount  of  ore  fed  to  each  unit.  The 
conveyors  discharge  into  hoppers  where  a  split  is  made,  half  of  the  feed 
going  to  the  north  ball  mills  and  half  to  the  south  mills,  the  transfer  being 
made  through  launders  with  cast-iron  liners  and  having  a  slope  of  45° 
(Fig.  7). 

Grinding  Section 

Floor  Arrangement. — One  of  the  novel  features  relative  to  the  layout 
of  this  plant  is  the  arrangement  of  the  grinding  floor.  With  due  regard 
for  the  individual  capabilities  of  the  machines  used,  it  is  nevertheless  a 
fact  that  the  arrangement  has  been  important  in  bringing  about  the  ex- 
cellent results  obtained.  The  following  tabulation  will  serve  to  show 
that  the  method,  besides  being  efficient  in  the  work  it  is  doing,  is  conserva- 
tive of  floor  space  as  well: 
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Fig  7. — Flow  Sheet  op  Inspiration  Plant. 
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Capacity  of  installation,  15,000  tons  per  day  from  2-in.  disk  crusher 
opening  to  1)4  P®r  cent,  on  48-mesh. 

Area  of  grinding  floor,  exclusive  of  motor  platforms,  300  by  66  ft.,  or 
19,800  sq.  ft. 

Floor  space  per  ton  capacity,  1.32  sq.  ft. 

The  scheme  can  be  briefly  described  as  a  parallel-series  arrangement; 
two  circuits — each  with  a  Marcy  ball  mill  and  a  Dorr  classifier  in  series — 
are  arranged  in  parallel,  the  oversize  from  each  classifier  being  returned 
to  the  mill  opposite  for  regrinding.  The  mills  are  symmetrically  arranged 
in  two  rows  extending  the  length  of  the  mill  with  their  feed  ends  facing 
each  other,  just  enough  room  being  left  between  them  to  accommodate 
the  Dorr  classifiers  (Figs.  10  and  11). 

The  Dorr  classifiers  act  as  elevators  and  since  all  return  is  handled  by 
them,  the  whole  department  is  confined  to  a  single  level.  There  is  a 
main  runway  between  the  mills  above  the  classifiers,  from  which  branch 
runwa3r8  are  taken  off  to  lead  to  the  motors,  between  mills,  etc.  This 
arrangement  gives  the  attendant  an  excellent  opportunity  to  watch  his 
machines  and  to  reach  them  when  necessary.  The  conveyors  bringing 
the  feed  to  the  mills  are  terminated  in  hoppers  on  a  platform  high  enough 
above  the  mills  to  allow  of  a  45°  slope  for  the  launders  leading  to  the  feed 
boxes.  The  motors  for  driving  the  conveyors,  classifiers,  etc.,  together 
with  their  control  apparatus,  are  located  on  this  platform,  as  are  also  the 
control  panels  for  the  ball-mill  motors.  The  switchboard  attendant  thus 
has  a  commanding  view  of  the  whole  grinding  floor.  The  floor  is  served 
by  a  60-ton  electric  traveling  crane  which  transfers  the  mills  to  and  from 
the  repair  floors  located  at  either  end  of  the  building.  An  inclined  skip- 
way  along  one  side  of  the  building  serves  the  whole  concentrator,  the 
cranes  on  each  floor  making  direct  connection  with  it. 

Marcy  BaU  Mills. — The  feed  for  each  ball  mill  consists  of  ore  from 
the  bin,  together  with  the  sand  from  the  discharge  of  the  mill  opposite, 
the  final  product  of  the  system  being  the  overflow  of  the  classifiers.  The 
feed  to  the  ball  mills  has  a  consistency  of  about  1  to  2,  and  the  overflow 
from  the  classifiers  about  3  to  1,  the  latter  being  maintained  by  an  auto- 
matic device  which  adds  water  as  required  in  the  discharge  boxes  of  the 
ball  mills. 

The  ball  mills  are  8  ft.  in  diameter  and  6  ft.  long.  They  are  direct- 
driven  through  herring-bone  gears  by  225-hp.  induction  motors.  Oui 
experiments  with  the  ball  mill  in  the  test  plant  led  us  to  the  conclusion 
that  we  could  crush  400  tons  of  the  coarse-crushing  plant  feed  with  each 
mill  in  24  hr.  to  2  per  cent,  on  48-mesh  screen  and  60  per  cent,  minus 
200.  Now  that  the  Inspiration  mill  is  running  with  all  sections,  it  has 
been  shown  that  our  test  figures  were  correct.  Not  only  have  we  been 
able  to  crush  400  tons  per  mill,  but  with  18  sections  running  the  average 
daily  dry  tonnage  for  the  month  of  May  was  15,358.    We  have  a  test 
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section  (of  two  mills)  that  showed  for  a  short  period  a  tonnage  rate  of 
1,000  tons  per  24  hr.  WhUe  this  is  by  no  means  the  average,  yet  it  indi- 
cates what  may  be  done  in  the  future. 

Performance  of  Crushing  Machines. — In  view  of  the  character  of  the 
ore  and  the  fact  that  much  of  it  is  tough  and  more  difficult  to  crush  than 
the  ordinary  porphyry  ores,  we  consider  the  power  consumption  for  our 
crushing  plants  very  satisfactory.  The  power  consumption  at  the  coarse- 
crushing  plant  for  the  month  of  May,  taking  mine-run  ore,  crushing  it  in 
gyratories  and  disk  crushers,  and  conveying  to  the  railroad  bins,  was 
0.329  kw.-hr.  per  ton.  At  the  mill,  the  average  power  consumed  per  ton 
during  the  month  of  May  for  the  ball  mills,  including  power  for  feeders, 
conveyors  and  classifiers,  was  10.4  kw.-hr.  Therefore,  the  total  power 
consumed  per  ton  for  the  month  of  May  on  ore  taken  from  the  mine  bins, 
crushed  and  delivered  to  the  flotation  machines  was  10.729.  We  have 
had  one  section  of  the  ball  mills  in  operation  for  a  period  of  10  days  that 
has  given  a  power  consumption  of  8.53  kw.-hr.  per  ton.  If  we  add  to  this 
figure  the  power  used  at  the  coarse-crushing  plant  and  of  the  conveyors, 
we  would  have  8.88  kw.-hr.  per  ton  of  mine-run  feed  delivered  to  the  flota- 
tion machines.  The  above  does  not  include  the  power  required  for  trans- 
porting the  ore  by  steam  road  from  the  mine  to  the  mill. 

The  crushing  and  delivery  of  the  ore  for  concentration  is  a  matter  of 
great  importance,  and  one  that  absorbs  a  large  portion  of  the  operating 
costs  in  the  treatment  of  ores.  Too  much  attention  cannot  be  given  it. 
We  are  now  conducting  many  experiments  in  connection  with  our  crush- 
ing problem,  including  different  types  of  steel  for  wearing  parts  and  modi- 
fications that  influence  our  tonnage  and  cost  of  production.  We  have 
equipped  ball  mills  without  the  grates  and  the  results  of  the  mills  so 
equipped  have  shown  us  that  ball  mills  equipped  with  grates  have  advan- 
tages in  increased  tonnage  and  efficiency.  Our  experiments  with  the 
different  shapes  of  pebble  mills,  our  subsequent  experiments  with  the 
ball  mills,  and  finally  our  monthly  operation,  lead  us  to  the  conclusion 
that  a  good  choice  was  made  in  the  selection  of  our  present  grinding 
machinery. 

Flotation  Section 

The  overflow  from  the  Dorr  classifiers  goes  to  the  flotation  machines, 
of  which  there  are  three  types  now  in  operation.  Generally  speaking, 
the  flotation  machines  make  a  clean  concentrate  which  goes  to  the  filter 
plant,  a  middling  which  goes  to  drag  classifiers  and  a  tailing  which  goes 
to  waste.  As  the  subject  of  flotation  is  to  be  taken  up  in  detail  in  another 
paper,  just  enough  will  be  given  here  to  bring  out  the  part  the  process 
plays  in  the  general  scheme.  The  flow-sheets  for  the  two  processes  differ- 
ing somewhat,  each  wUl  be  considered  separately. 
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Flow-Sheet  with  Callow  Flotation  Cells. — ^A  unit  installation  of  these 
machines  consists  of  a  total  of  28  cells  which  for  sake  of  compactness  are 
grouped  into  sets  of  four  cells  each,  individual  cells  being  3  ft,  33^  in.  by 
10  ft.  2  in.  Of  this  total  eight  are  roug^ers,  16  are  for  retreatment  and 
four  are  cleaners,  the  arrangement  of  the  group  being  such  that  all  feeds 
and  products  except  two  are  handled  by  gravity.  These  two  are  elevated 
by  sand  pumps.  The  Callow  cells,  as  installed  in  this  plant,  make  two 
products,  a  concentrate  and  a  tailing. 

The  overflow  from  the  ball-mill  classifiers  first  undergoes  a  roughing 
treatment  in  the  eight  roughers.  Here  the  two  products  are  a  concen- 
trate which  goes  to  the  four  cleaners  and  a  tailing  which  goes  to  a  large, 
specially  designed  drag  classifier,  a  detailed  description  of  which  will  be 
given  later.  The  concentrate  from  the  cleaners  is  a  finished  product 
and  goes  to  the  filter  plant.  The  tailing  from  these  cells  is  piunped  back 
into  the  rougher  cells  for  a  second  passage  through  the  system.  The 
tailing  from  the  rougher  cells  is  classified  in  the  drag  into  two  products, 
a  sand  and  a  slime  overflow,  the  sand  being  still  further  prepared  for 
table  concentration  in  hydraulic  classifiers.  The  tables  make  two  prod- 
ucts, the  concentrates  joining  the  flotation  concentrates  in  the  filter 
plant,  and  the,  tailing  going  to  waste.  Further  treatment  of  a  middling 
product  from  these  tables  is  contemplated  and  studies  have  been  made 
along  this  line,  but  as  yet  nothing  definite  has  been  reached.  The  over- 
flows from  both  the  drag  and  the  hydraulic  classifiers  are  united  and 
pumped  back  to  the  16  re-treatment  cells,  the  concentrate  fit)m  which 
goes  to  the  cleaners,  and  the  tailing  to  waste.  Throughout  the  mill  ade- 
quate provision  has  been  made  for  sampUng. 

Flow-Sheet  with  the  Inspiration  Flotation  Machines. — Except  for  a 
special  arrangement  in  one  unit,  the  only  difference  between  this  and  the 
Callow  flow-sheet  is  in  the  flotation  department. 

From  a  metallurgical  standpoint  the  difference  here  is  not  radical. 
In  a  few  words  the  essential  difference  can  be  stated  as  follows: 

The  Inspiration  system  makes  use  of  but  two  machines  per  unit,  a 
rougher  and  a  cleaner  placed  end  to  end  (Fig.  9) .  These  are  each  designed 
to  allow  a  free  passage  of  the  feed  from  the  upper  or  feed  end,  to  the  tail- 
ing or  discharge  end,  during  which  passage  the  feed  is  subjected  to  the 
frothing  action  of  several  compartments.  Because  of  the  large  number  of 
compartments  (16  for  the  rougher),  it  has  been  found  that  a  tailing  can 
be  made,  the  slime  of  which  does  not  require  re-treatment  as  is  the  case 
in  the  Callow  system.  The  sand  contained  in  the  rougher  tailing  is  sub- 
jected to  table  concentration.  The  tailing  from  the  cleaners  is  pumped 
back  to  the  roughers  for  a  second  treatment. 

Several  mechanical  features  have  been  introduced  which  are  expected 
to  keep  the  cost  of  operation  at  a  minimum.     The  arrangement  is  simple. 
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Fig.  8. — Ball  Mills  and  Flotation  Machines. 


sftdii*^** 


Fig.  9. — Inspiration  Flotation  Machines. 
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requires  a  minimum  of  floor  space  and  is  easily  attended.  Its  large 
capacity  is  an  important  feature. 

Flotation  Air  Supply, — The  flotation  department  requires  a  large 
volume  of  low-pressure  air.  This  is  supplied  by  four  single-stage  cen- 
trifugal compressors  occupying  one  end  of  the  flotation  floor.  The  rating 
of  these  compressors  is  as  follows: 

Capacity,  23,000  cu.  ft.  of  inlet  air  per  minute. 

Discharge  pressure,  5.75  lb.  per  square  inch. 

Revolutions  per  minute  of  impellers,  3,850. 

Horsepower  of  driving  motor,  720. 

The  step-up  to  the  impellers  is  made  through^  Alquist  gears.  One 
unit  of  the  four  is  held  in  reserve. 

Concentrates  Filter  Plant 

Both  the  flotation  and  table  concentrates  receive  the  same  treat- 
ment. From  the  concentrator  they  are  either  elevated  or  flow  by 
gravity  into  the  five  60-ft.  and  three  80-ft.  Dorr  tanks,  located  on  either 
side  of  the  elevator  house.  Here  the  moisture  content  is  reduced  to  about 
50  per  cent.  The  thickened  product  is  drawn  off  through  the  bottoms 
into  launders  and  conveyed  through  tunnels  to  bucket  elevators,  which 
raise  it  to  the  top  of  the  elevator  house  where  it  is  distributed  to  six 
Oliver  filters  (Fig.  5). 

The  overflow  from  the  Dorr  tanks  is  practically  clear  and  flows  to  the 
return-water  sump.  The  filters  are  standard  OUver  filters,  the  drums 
being  11  ft.  6  in.  in  diameter  and  having  a  length  of  12  ft.  After  leaving 
the  filters  the  concentrates  have  a  moisture  content  of  about  17  per  cent. 
The  arrangement  is  such  that  a  single  20-in.  conveyor  belt  traveling  at 
100  ft.  per  minute  takes  the  concentrates  away  from  the  filters  and  delivers 
them  to  a  railroad  bin  of  the  tank  type.  Here  they  are  loaded  into 
hopper-bottomed  steel  cars  of  60  tons  capacity.  A  350-ft.  train  shed  pro- 
tects the  loaded  cars  from  heavy  rains  and  winds. 

Dra^  Classifiers 

The  drag  classifier  used  on  the  flotation  tailings  for  separating  sand 
from  slime  is  the  result  of  experimental  work  in  the  test  mill.  It  is 
worthy  of  a  detailed  description  not  alone  on  account  of  its  ability  as  a 
classifier  but  also  because  of  its  large  capacity.  Except  for  the  concen- 
trates taken  out  by  the  flotation  cells,  each  machine  handles  the  entire 
tonnage  of  one  imit,  or  800  tons  per  day. 

The  classifier  consists  essentially  of  two  18-in.  belts,  running  parallel 
to  each  other  and  so  arranged  that  the  return  belts  run  entirely  clear  of 
the  settling  surface,  the  rough  classification  being  carried  on  sufficiently 
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far  below  the  surface  to  cause  no  disturbing  currents.  This  is  made  pos- 
sible by  the  use  of  four  pulleys,  one  at  the  discharge  end,  two  (one  ver- 
tically above  the  other)  at  the  feed  end,  and  one  at  the  center  near  the 
bottom,  where  the  slope  begins.  The  distance  between  head  and  tail 
pulleys  is  39  ft.     The  direction  of  travel  of  the  return  belts  is  horizontal, 


Fig.  10.- 


Elevation 
-Ball  Mill  and  Classifier  Arrangement. 


but  on  passing  over  the  upper  tail  pulley  it  becomes  vertical.  The  belt 
thus  enters  the  pulp  perpendicular  to  its  surface.  At  the  bottom  of 
the  tank  its  direction  is  again  changed  to  the  horizontal  by  the  lower 
tail  pulley.  It  travels  thus  to  the  center  of  the  tank  where  a  break  is 
made;  the  belt  with  its  load  passes  under  another  pulley  and  starts  up  a 
20°  slope  toward  the  discharge  and.     All  pulleys  are  32  in.  in  diameter. 
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Two  adjustable  overflow  launders  on  either  side  of  the  tank  having  a 
combined  lip  length  of  52  ft.,  carry  off  the  slime.  The  effective  settling 
area  of  the  tank  is  25  ft.  by  4  ft.,  or  100  sq.  ft.  The  overflow  is  5  ft.  above 
the  bottom  horizontal  belt.  The  two  s6ts  of  submerged  pulleys  are 
mounted  on  shafts  running  in  water-tight  bearings  supported  by  the 
sides  of  the  tank. 


Fig.  11. — Ball  Mills  and  Motor  Platforms. 


Tailing  Settling  System 

The  conservation  of  the  water  supply  is  imperative,  and  it  was  for 
this  reason  that  the  extensive  tailing-settling  and  return-water  system 
was  installed.  The  water  is  reclaimed  at  the  concentrator  and  at  the 
tailing  dams.  The  equipment  at  the  concentrator  consists  of  three  100-ft. 
and  one  200-ft.  Dorr  thickeners,  and  a  large  dewatering  box  17  ft.  by 
109  ft.  The  overflow  from  the  80-ft.  concentrate  tanks  is  also  turned  into 
the  return  system.  The  dewatering  box  handles  only  the  table  tailing, 
the  overflow  from  it  being  further  settled  in  three  of  the  60-ft.  Dorr  thick- 
eners. The  overflow  from  all  tanks  goes  to  a  210,000-gal.  concrete 
sump  from  which  it  is  pumped  to  a  60-ft.  diameter  steel  tank  of  like 
capacity  on  the  shop  level  above  the  concentrator. 

The  return-water  pump  equipment  consists  of  four  vertical  triplex 
pumps  direct-driven  through  gearing  by  100-hp.  synchronous  motors. 
These  pumps  each  have  a  capacity  of  2,000  gal.  per  minute  and  work 
against  a  head  of  113  ft. 


Digitized  by 


Google 


1496      MINE   AND  MILL   OF  INSPIRATION   CONSOLIDATED   COPPER  CO. 

The  water  reclaimed  from  behind  the  dam  (Fig.  12)  is  at  present  being 
handled  by  a  3,000-gal.  two-stage  centrifugal  pump,  so  arranged  that  it 
can  be  moved  up  a  skidway  as  the  water  level  of  the  pond  behind  the 
dam  rises. 

200-F/.  Dorr  Thickener,— The  200-ft.  Dorr  thickener  is  larger  than 
any  single  unit  ever  installed  and  is,  therefore,  interesting  from  a  mechan- 
ical standpoint.  The  thickener  has  not  yet  been  erected  but  at  this  time 
the  designs  are  complete.  It  consists  essentially  of  a  reinforced-concrete 
tank  200  ft.  in  diameter  with  the  bottom  sloping  toward  the  center  and 
having  a  depth  at  the  outside  of  7  ft.  3  in.  The  feed  is  delivered  at  the 
center  of  the  tank  through  a  launder  supported  by  a  107-ft.  steel  truss. 
At  the  center  of  the  tank  is  a  steel  plate  pivot,  18  ft.  high,  upon  which  is 


Fig.  12. — Tailings  Dam. 

mounted  the  drive  drum.  To  this  drum  are  fastened  four  short  rakes 
(two  24  ft.,  and  two  35  ft.)  and  the  driving  truss,  which  in  turn  carries 
two  long  rakes,  10  ft.  apart  and  100  ft.  in  length.  The  slope  of  the  bottom 
of  the  tank  varies,  it  being  2^6  ^^'  P^r  foot  near  the  center,  1%  in.  per 
foot  for  the  short  rakes  and  the  inner  16  ft.  of  the  long  rakes,  and  the 
remainder  1  in.  per  foot.  The  driving  truss  is  completely  submerged 
except  for  the  outer  end,  which  rests  on  a  circular  track  on  the  tank  wall. 
The  driving  mechanism  is  placed  at  the  outer  end  and  consists  of  a  5-hp. 
motor  which  is  connected  through  gearing  to  a  single  24-in.  plain-tread 
driver.  Two  similar  wheels  are  placed  10  ft.  on  either  side  of  the  driver 
to  distribute  the  weight.  The  weight  of  the  driving  truss  provides  the 
necessary  traction.     The  thickened  product  is  drawn  off  through  an 
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annular  opening  at  the  center,  and  the  overflow  at  two  diametrically 
opposite  points  on  the  periphery  of  the  tank. 

GENERAL  EQUIPMENT  AND  SUPPLIES 

Water  Supply 

Various  possibilities  were  presented  for  supplying  water  to  this  plant. 
To  insure  a  supply,  suflScient  ground  and  water  rights  were  early  pur- 
chased at  Wheatfields,  about  12  miles  from  the  mill  site  and  1,000  ft. 
lower  in  elevation.  Before  developing  this  supply,  however,  it  was  de- 
cided to  prospect  on  the  flat  below  the  tailing  storage  site.  Wells  were  sunk 
at  various  points  until  the  best  location  had  been  determined,  which  is 
2}4  miles  from  the  mill,  430  ft.  lower  and  at  the  junction  of  two  fair- 
sized  drainage  channels,  receiving  their  supply  from  the  Pinal  Mountains 
about  10  miles  away  and  4,000  ft.  higher.  Here  six  wells  have  been  sunk 
and  24-in.  multi-stage  turbine  well  pumps  installed.  These  deliver 
through  wooden  pipe  lines  to  a  common  steel  sump  tank  having  a  capacity 
of  235,000  gal.  Each  well  pump  is  belt-driven  by  a  150-hp.  vertical 
motor  and  delivers  a  maximum  of  1,200  gal.  per  minute.  Near  the  sump 
tank  is  located  the  pumping  station  which  contains  six  1,200-gal.  pumps 
delivering  into  a  common  20-in.  pipe  line.  These  pumps  are  horizontal, 
duplex,  double-acting  and  are  direct-driven  through  herringbone  gears 
by  30(>-hp.  synchronous  motors  taking  current  at  6,600  volts.  Power 
for  the  pumping  station  and  wells  is  supplied  by  the  Inspiration-Inter- 
national power  house.     A  10-ton  crane  serves  all  parts  of  the  building. 

The  20-in.  pipe  line  is  14,600  ft.  long  with  a  rise  of  520  ft.,  and  delivers 
water  to  the  storage  reservoir  hear  the  concentrator.  From  this  reservoir 
water  is  deUvered  to  all  parts  of  the  property.  It  is  located  about  80 
ft.  above  the  concentrator,  1,200  ft.  away  and  has  a  capacity  of  3,000,000 
gal.  An  oval  excavation  about  20  ft.  deep  was  made  in  the  top  of  a  hill 
and  the  sloping  sides  and  bottom  Uned  with  concrete.  Two  14-in.  pipe 
lines  deliver  the  water  to  the  concentrator. 

Power  Supply 

Electric  power  is  obtained  from  two  sources.  The  Reclamation  Serv- 
ice of  the  United  States  Government,  from  its  hydro-electric  plant  at  the 
Roosevelt  Dam,  40  miles  away,  furnishes  energy  at  40,000  volts,  25  cycles, 
three-phase. 

In  conjunction  with  the  International  Smelting  Co.,  the  Inspiration 
company  built  a  power  house  that  utilizes  the  waste  heat  from  the  rever- 
beratories  under  one  set  of  boilers.  Another  set  of  boilers,  oil-fired,  is 
also  used  when  the  power  demand  is  greater  than  can  be  supplied  by  the 
waste-heat  boilers  alone.     This  power  house  contains  three  7,500-kva. 
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steam-turbine-driven  generators,'  delivering  energy  at  6,600  volts,  25 
cycles,  three-phase;  also  three  15-lb.  reciprocating  blowing  engines,  each 
having  a  capacity  of  15,000  cu.  ft.  of  free  air  per  minute.  The  air  is  for 
the  smelter  use  exclusively,  while  the  electric  energy  is  for  the  mining, 
smelting  and  ore-dressing  plants. 

The  distributing  system  is  so  laid  out  that  any  division  of  the  plant 
can  take  power  from  either  source.  When  available,  the  Reclamation 
power  is  used  for  the  greater  part  of  the  Inspiration  load.  Each  unit  of 
the  jilant  has  its  transformer  station  for  stepping  down  the  transmission 
line  voltage. 

Motors  of  50  hp.  or  greater  are  run  on  2,200  voltsi,  smaller  motors  on 
440  volts,  and  lighting  circuits  on  110  volts.  Synchronous  motors  are 
used  as  required  to  maintain  a  satisfactory  power  factor. 

Transformer  Stations 

There  are  two  separate  outdoor  transformer  stations,  one  at  the  con- 
centrator and  one  at  the  mine  plant.  These  stations  are  of  rather  un- 
usual design,  being  skeleton-steel  structures.  The  supports  are  of  pipe 
poles  and  the  trusses  between  which  the  busses  are  stretched  are  angle 
lattice  construction. 

As  the  power  from  the  two  sources  is  received  at  diflferent  voltages 
each  station  requires  two  sets  of  transformers.  The  Reclamation  energy 
is  delivered  at  40,000  volts  and  the  power  house  at  6,600  volts,  both  being 
stepped  down  to  2,200  volts  for  distribution  about  the  plant. 

Both  high-tension  transmission  lines  are  in  duplicate  circuits.  The 
incoming  lines  pass  over  electrolytic  lightning  arresters  to  electrically 
operated  remote-controlled  circuit-breakers,  then  through  electrically 
operated  remote-controlled  automatic  circuit-breakers  to  the  transform- 
ers. Any  one  transformer  may  be  cut  in  or  out  as  desired,  or  all  at  one 
station  can  work  in  parallel.  At  the  concentrator  there  are  eight  outdoor- 
type,  2,000-kva.,  oil-insulated,  water-cooled,  three-phase  transformers, 
four  on  the  40,000-volt  line  and  four  on  the  6,600-volt  line.  At  the  mine 
there  are  four  similar  transformers,  two  for  each  incoming  line. 

The  2,200-volt  circuits  are  led  from  the  transformers  to  the  distri- 
uting  stations,  the  one  at  the  mine  being  located  in  the  compressor  and 
hoist  house  and  the  one  at  the  concentrator  in  a  separate  building.  Each 
distributing  station  consists  of  a  concrete  cell  structure,  carrying  two 
sets  of  2,200-volt  busbars,  one  for  each  power  line.  This  cell  structure 
also  carries  the  disconnecting  switches,  meter  transformers  and  oil 
switches  as  required  by  the  remote-control  feature  of  the  switchboard. 
In  front  of  the  cells  is  the  switchboard  with  separate  panels  for  the  control 
of  each  incoming  high-tension  line,  each  set  of  transformers  and  each 
outgoing  2,200-volt  circuit.  Wattmeters,  frequency  meters,  and  power- 
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factor  meters,  all  graphic,  and  integrating  watt-hour  meters  are  installed 
for  each  power  supply,  and  ammeters,  watt-hour  meters  and  graphic 
wattmeters  for  each  outgoing  circuit.  Two-throw  oil  switches,  con- 
trolled from  the  switchboard,  make  it  possible  to  run  any  circuit  on  either 
power,  or  to  disconnect  it  from  both. 

The  transformer  and  distributing  stations,  besides  presenting  an 
attractive  appearance,  are  unusually  complete,  convenient  for  the  atten- 
dant and  provide  the  greatest  possible  safety. 

Shops  and  Railroad  Facilities 

All  shop  work,  except  that  for  the  mine,  is  done  at  the  concentrator 
shops  where  a  complete  equipment  is  installed.  The  equipment  com- 
prises about  30  different  machine  tools,  all  with  individual  motor  drives, 
a  40-ton  electric  crane,  traveUng  the  entire  length  of  the  building,  the 
necessary  facihties  for  locomotive  repairs,  several  welding  outfits  for 
various  classes  of  work  and  a  forge  shop  equipped  with  both  oil  and  coal 
forges.  The  warehouse  and  electric  shop  and  the  locomotive  roundhouse 
occupy  opposite  ends  of  the  shop  building.  A  standard-gage  track 
through  the  center  of  the  building  permits  cars  to  be  run  either  into  the 
shop  or  through  the  shops  into  the  warehouse. 

The  shop  level  is  22  ft.  above  the  upper  floor  of  the  concentrator. 
Communication  between  the  two  buildings  is  provided  by  the  incUned 
skipway  which  occupies  one  end  of  the  concentrator.  This  connects 
with  the  shops  by  a  well  through  which  material  can  be  transferred  either 
into  the  shops  from  the  mill  for  repairs,  or  into  the  mill  from  railroad 
cars. 

The  railroad  facihties  comprise  the  main  line  and  several  spurs,  the 
total  length  being  about  10  mUes.  All  equipment  is  standard  gage.  The 
lines  connect  the  several  units  of  the  surface  plant,  except  the  pumping 
plant  and  the  Live  Oak  Division.  These  are  reached  via  the  Arizona 
Eastern.  On  account  of  the  topographical  conditions,  it  was  necessary 
to  use  switchbacks  to  make  the  grade  between  the  Arizona  Eastern  on  the 
fiat  and  the  concentrator,  about  400  ft.  higher.  The  switchbacks  provide 
for  handling  six  cars.  The  extremes  of  grade  and  curvature  on  this  line 
are  4  per  cent,  and  12°  respectively.  The  line  which  connects  the  mine 
and  the  mill  has  a  grade  of  0.3  per  cent,  in  favor  of  the  load. 

The  six-wheel,  side-tank  type  of  locomotive  is  used.  Two  are  used  on 
the  mine  line.  These  have  a  weight  on  the  drivers  when  loaded  of  112,000 
lb.  A  third  locomotive  is  used  on  the  low  line,  which  has  a  corresponding 
weight  of  200,000  lb.;  the  latter  being  equipped  with  a  superheater  and 
Walschaerts'  valve  gears,  oil  burners  being  used  on  all.  The  ore  cars 
are  of  the  Ingoldsby  patent-dump  type,  have  a  capacity  of  60  tons  and 
a  train  length  of  33  ft.  They  are  of  all-steel  construction  and  weigh 
about  22  tons  each. 
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Electric  haulage  on  the  mine  division  was  at  one  time  considered,  but 
for  sake  of  uniformity  on  the  several  lines  the  idea  was  a'bandoned. 

CONCLUSION 

The  salient  features  of  the  mine  plant  can  be  summarized  as  follows: 
The  dual  arrangement  of  the  entire  plant;  the  automatic  loading  and 
hoisting  of  ore;  the  application  of  the  elevator  principle  for  handling 
men;  and  the  reduction  of  the  crude  ore  for  mill  treatment  in  two  simple 


The  final  product  of  the  plant  is  ore  in  storage  ready  for  mill  treat- 
ment. It  carries  roughly  1%  per  cent,  copper,  mainly  sulphides,  and  has 
been  crushed  to  pass  a  2-in.  opening  of  the  disk  crushers.  The  average 
moisture  content  is  2}4  per  cent. 

To  the  mine  summary  can  be  added  the  following  covering  the  re- 
mainder of  the  plant:  A  present  mill  recovery  on  sulphides  of  90  per 
cent.,  or  85  per  cent,  on  the  total  content;  finished  grinding  in  one  machine; 
and  flotation  followed  by  table  concentration. 

Although  the  Inspiration  plant  is  not  quite  the  largest,  it  does  embody 
what  is  today  the  latest  practice  in  the  treatment  of  low-grade  chalcocite 
ores.  In  certain  departments  considerable  pioneering  has  been  done, 
which  has  resulted  in  marked  economies,  advantage  of  which  will  no  doubt 
be  taken  where  similar  conditions  make  them  applicable. 
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TSANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[SUBJSCT  TO  REYIBIONI 


DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  pnferabW  be  pnMnted  in  peraon  at  the 
...isona  meeting,  September,  1916,  when  an  ebetraetof  the  paper  will  be  read.  If  this  la impoesible, 
then  diaeiUBion In  writing  ma^  be  sent  to  the  Editor,  American  Inatitute  of  Mining  Engineers,  29  West 


39th  Street,  New  York«  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
UoJesB  ipeaal  arrangement  is  made,  the  discussion  of  this  paper  will  olose  Nov.  1, 1916.  Any  discussion 
offered  ttiereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Ore-Drawing  Tests  and  the  Resulting  Mining  Method  of  Inspiration 
Consolidated  Copper  Co. 

BT  OEOROB  R.  LEHMAN,  B.  A.,  MIAMI,  ARIZ. 
(Arisona  Meeting,  September,  1916) 

The  Inspiration  Consolidated  Copper  Co.  had  an  orebody  at  Miami, 
Ariz.,  of  close  to  100,000,000  tons  of  low-grade  copper  ore,  and  the 
method  of  mining  this  ore  most  profitably  was  of  great  importance.  The 
selection  of  a  method  was  practically  limited  to  a  "top-slicing,"  a  "shrink- 
age-stope"  or  a  "caving"  method.  The  "top-slicing"  method  would 
give  a  high  extraction  of  the  developed  ore,  at  a  high  mining  cost,  and  the 
'^shrinkage-stope"  or  "caving"  methods  a  lower  extraction  of  the 
developed  ore,  at  a  lower  mining  cost. 

Ore-Drawing  Tests 

To  decide  on  the  method  to  be  used  it  was  necessary  to  know  about 
what  extraction  of  the  ore  could  be  obtained  by  the  "shrinkage-stope" 
or  "  caving"  methods.  As  no  definite  information  regarding  the  question 
was  available  at  the  time,  C.  E.  Mills,  the  general  manager,  thought  that 
some  information  could  be  obtained  by  experimenting  in  drawing  ore, 
covered  with  capping,  from  an  experimental  box.  Some  work  had  already 
been  done  along  these  Unes  by  W.  C.  Browning  for  the  Inspiration  Cop- 
per Co.  and  by  myself  for  the  Live  Oak  Development  Co. 

The  idea  was  to  represent  as  nearly  as  possible,  in  the  experimental 
box,  the  conditions  within  an  area  of  caved  stopes  of  caved  ore  all  ready 
for  drawing.  That  is,  the  area  was  supposed  to  represent  a  semibroken 
mass  with  the  capping  above  it  in  the  same  condition  and  ready  to  follow 
the  ore  downward  as  it  was  drawn  out  of  the  chutes  under  the  ore.  To 
represent  the  above  condition,  in  the  experimental  box,  crushed  ore  from 
the  mine  was  placed  in  it  to  a  given  height,  and  red  barren  capping  from 
the  mine  was  placed  on  top  of  the  ore. 

The  Experimental  Box 

The  experimental  box  shown  in  Fig.  1  was  made  of  wood  and  glass. 
The  glass  was  used  for  the  sides  so  that  the  drawing  action  of  the  outside 
row  of  chutes  could  be  seen  and  noted,  the  latter  being  cut  in  the  center 
by  the  glass  sides.     The  length  of  the  box  was  30  in.,  width  20  in.  and  the 
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height  25  in.,  and  built  to  a  scale  of  1  in.  =  5  ft.,  the  box  represented  an 
area  of  150  by  100  ft.  and  a  height  of  125  ft.  within  the  mine.  The  box, 
as  shown  in  Fig.  1,  was  divided  in  the  center  and  only  half  was  used  for 
each  test.  The  bottom  was  bored  with  J^-in.  holes,  representing  chutes, 
IJ^  in.  center  to  center,  thus  indicating  chutes  of  2J^  ft.  diameter  spaced 
on  63^-ft.  centers  according  to  the  scale.  Thus  the  ore  could  be  repre- 
sented as  drawn  at  either  6J4,  8%,  or  12J^-ft.  chute  intervals.  The  holes 
were  fitted  with  wooden  plugs  through  which  wire  nails  were  driven,  so 


Fig.  1. — Experimental  Box  Filled  with  Crushed  Orb  and  Gappino;  Drawx 
THROUOH  Holes  in  the  Bottom  Representing  Orb  Chutes.  Scalb,  1  In.  op  Box 
—6  Ft.  op  Mine. 

that  when  the  plugs  were  in  place  the  heads  of  the  nails  projected  just 
the  least  bit  above  the  inner  bottom  of  the  box.  The  nail  was  used  to 
clear  the  chute  when  it  "himg  up.*' 


Conditions  of  Tests 

In  all,  16  tests  or  experiments  were  made  in  a  period  of  6  months  begin- 
ning in  the  latter  part  of  the  year  1913.  In  all  the  tests  the  rock  repre- 
senting capping  was  nearly  barren,  containing  only  from  0.03  per  cent, 
to  0.08  per  cent,  copper.  The  color  of  the  capping  was  a  dark  red  and 
that  of  the  ore  a  Ught  gray,  thus  giving  a  sharp  and  definite  line  between 
them,  as  clearly  seen  in  Fig.  1. 

In  the  first  two  experiments,  weights  and  assays  were  not  used.    The 
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ore  in  the  box  and  products  drawn  from  the  chutes  were  measured  by- 
volume.  They  were  run  to  get  an  idea,  in  a  short  time,  of  what  could 
be  done.  In  all  the  other  tests  the  ore  was  weighed,  sampled  and  assayed 
for  copper,  as  were  the  chute  products  drawn  during  the  test. 

Tests  Nos.  3  and  4  were  made  with  fine  and  coarse  ore  mixed,  the 
capping  being  a  similar  mixture  of  coarse  and  fine  material.  The  con- 
ditions of  test  No.  3  represented  35  ft.  of  ore  and  35  ft.  of  "capping*' 
and  those  of  test  No.  4  represented  70  ft.  of  ore  and  55  ft.  of  capping. 
Both  tests  were  drawn  at  the  closest  chute  interval,  63^  ft.  In  both  tests 
ore  was  drawn  from  one  chute  equivalent  to  about  10  tons,  on  the  scale 
adopted,  and  then  10  tons  from  the  next  chute,  and  so  on  until  10  tons  had 
been  drawn  from  each  chute.  The  drawing  of  all  the  chutes  was  then  re- 
peated, 10  tons  at  a  time,  until  capping  appeared  in  each  chute.  The  total 
chute-drawings  product  was  then  weighed,  sampled,  assayed  and  called 
the  clean-ore  product.  Drawing  was  then  continued  as  before  until  each 
chute  showed  that  it  was  running  one^quarter  capping.  To  determine 
this  point,  a  sample  mixture  was  kept  in  a  test-tube  and  the  chute  product 
compared  with  it.  This  product  was  then  weighed,  sampled  and  assayed. 
Again  the  drawing  continued  until  each  chute  showed  about  one-half 
capping.  This  point  was  also  determined  by  comp9.ring  with  a, sample 
mixture  and  this  product  also  weighed,  sampled  and  assayed.  The  tests 
were  concluded  by  drawing  10  tons  from  each  chute  in  rotation,  weighing, 
sampling  and  assaying  the  product.  The  assay  value  for  the  combined 
products  of  the  tests  was  calculated,  as  the  portions  removed  for  assay 
could  not  be  returned.    Details  of  test  No.  3  are  given  in  Table  1. 

Table  1.— Details  of  Test  No.  3 

Weights  and  assays — 35  ft.  of  ore  and  35  ft.  of  capping. 

Ore  and  capping — coarse  and  fine  mixed. 

Largest  boulder — 1  ft.  diameter. 

Smallest  particle — ^powder. 

Drawn  at  6K-ft.  centers — 10  tons  at  one  drawing. 

Ore  in  box  127.50  lb 1.96  per  cent,  copper 

Gapping 0.08  per  cent,  copper 


Producta 

Pounds 

Per   Cent. 

Per  Cent.  Cu 

(1)  Drawn  clean  to  capping 

^2)  Drawn  dean  to  ^  caDDinsr 

81.00 
8.60 
8.50 

11.00 

63.52 
6.67 
6.67 
8.62 

1.96 
1.36 

(3)  Drawn  clean  to  H  caDDinic 

1.10 

(4)  Drawn  10  tons  each  chute 

0.79 

Totals  and  averaare 

109.00 

85  48               1  74 

10 
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Table  1.— Details  of  Test  No.  3  (Continued) 


Products 


Per  Cent. 
Total 


Grade,  Per 
Cent.  Copper 


Product 


Per  Cent.  Ore 


Per  Cent. 
Capping 


Per  Cent. 
Total  Cu 
Recovered 


Glean  ore (1) 

Ore  and  capping  (2) 
Ore (3) 


63.52 
6.67 
6.67 


1.06 
1.36 
1.10 


63.52 
4.54 
3.62 


76.86 


1.83 


'71.68 


2.13 
3.05 


63.52 
4.54 
3.62 


5.18 


71.68 


Estimate  Applied  to  above  Figures  to  Find  Final  Product  of  1  Per  Cent.  CJopper 

and  Applied  to  Ores  Below 


Grade.  Per 
Cent.  Copper 


Extraction,  Per 
Cent,  of  Total 


2.00 
1.90 
1.80 
1.70 
1.60 
1.50 
1.40 
1.30 
1.20 


79.500 
78.340 
77.180 
75.490 
73.490 
71.490 
69.290 
67.290 
65.290 


Grade  of  Product, 

Per  Cent. 

Copper 


Per  Cent,  of  Total       Per  Cent,  of  Product 


1.842 
1.763 
1.681 
1.605 
1.529 
1.449 
1.367 
1.283 
1.195 


Ore 


91.77 
92.47 
93.08 
94.14 
95.33 
96.41 
97.48 
98.61 
99.58 


Capping 

8.23 
7.53 
6.92 
5.86 
4.67 
3.59 
2.52 
1.39 
0.42 


Above  Applied  tc 

►  Mining— 25  Per  Cent.  1 

by  Development 

2.00 

84.625 

1.889 

79.81 

4.81 

94.31 

5.69 

1.90 

83.755 

1.804 

79.41 

4.35 

94.81 

5.19 

1.80 

82.885 

1.717 

78.95 

3.93 

95.26 

4.74 

1.70 

81.617 

1.634 

78.35 

3.26 

96.00 

4.00 

1.60 

80.117 

1.551 

77.59 

2.53 

96.84 

3.16 

1.50 

78.617 

1.465 

76.72        1.89 

97.59 

2.41 

1.40 

77.117 

1.378 

75.86        1.26 

98.37 

1.63 

1.30 

75.467 

1.289 

74.80       0.66 

99.12 

0.88 

1.20 

73.967 

1.197 

73.78 

0.19 

99.74 

0.26 

Besides  estimating  the  extractions  for  different  grades  of  ore,  based 
on  the  experiments,  the  extractions  for  different  grades  of  ore  applied 
to  mining  were  calculated,  as  shown  in  the  lower  part  of  Table  1,  assuming 
25  per  cent,  of  the  ore  extracted  by  development  and  other  work  before 
the  ore  caves,  when  mining  35  ft.  of  ore,  and  15  per  cent,  when  mining 
70  ft.  of  ore.  For  each  grade,  1  per  cent,  copper  was  taken  as  the  limit 
of  commercial  product.  This  point  had  to  be  interpolated  from  the 
product  just  above  1  per  cent,  and  the  product  just  below  1  per  cent. 
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This  way  of  estimating  the  results  possible  in  mining  a  1.80  per  cent, 
copper  ore,  according  to  test  No.  3  indicates  a  total  extraction  of  82.88 
per  cent,  of  1.72  per  cent,  ore,  78.95  per  cent,  of  which  was  original  ore, 
the  chute  product  being  95.26  per  cent,  ore  and  4.74  per  cent,  capping. 

In  the  next  two  tests,  Nos.  5  and  6,  the  fines  were  screened  out  of  the 
ore  and  capping,  making  both  ore  and  capping  represent  on  the  scale  of 
I  in.  =  5  ft.,  coarse  chunks  of  4  to  12  in.  diameter.  The  chute  interval 
and  method  of  drawing  were  the  same  as  in  tests  Nos.  3  and  4.  Test 
No.  5  represented  drawing  35  ft.  of  ore  and  test  No.  6  represented  70  ft.  of 
ore.  Compared  with  tests  Nos.  3  and  4,  as  shown  in  Table  2,  both  tests 
show  higher  extractions. 

Tests  Nos.  7  and  8  were  duplicates  of  5  and  6  except  that  the  chute 
interval  was  8%  ft.  instead  of  6)^  ft.  These  two  tests  show  lower 
extractions  than  Nos.  5  and  6. 

Tests  Nos.  11  and  10  were  the  same  as  Nos.  5,  6,  7  and  8  except  that 
the  chute  interval  was  12J^  ft.     As  will  be  noted  in  Table  2,  still  lower, 
extractions  were  obtained  with  these  two  tests,  showing  conclusively  that 
the  greater  the  distance  between  chutes  the  less  the  ore  extraction. 

To  determine  the  efifect  on  extraction  if  no  care  is  taken  as  to  the 
amount  drawn  at  one  time,  two  tests,  Nos.  12  and  13,  were  run.  They 
were  both  made  with  conditions  representing  35  ft.  of  ore  and  35  ft.  of 
capping,  drawn  at  a  chute  interval  of  8%  ft.  In  these  two  tests  each 
•  chute  was  drawn  direct  to  capping  in  rotation,  then  direct  to  one-fourth 
capping  and  then  direct  to  one-half  capping.  Comparing  these  two 
tests  with  No.  7,  with  which  all  conditions  were  identical,  except  the 
method  of  drawing,  it  was  found  that  in  No.  7  a  greater  extraction  of 
clean  ore,  before  capping  appeared,  was  obtained,  but  that  in  Nos.  12 
and  13  a  greater  total  extraction  was  obtained  to  the  limit  of  1  per  cent. 
copper,  as  shown  in  Table  2. 

Tests  Nos.  14,  15  and  16  were  special  experiments  made  with  condi- 
tions representing  a  chute  interval  of  8%  ft.  and  the  coliunn  of  ore 
35  ft.  In  No.  14  the  ore  was  coarse,  12  to  30  in.  diameter,  and  the  capping 
fine;  a  low  extraction  was  obtained.  Test  No.  15  was  the  reverse  of  No. 
14,  the  ore  was  fine  and  the  capping  coarse;  the  extraction  was  but  very 
little  higher  than  in  No.  14.  The  last  test.  No.  16,  was  made  with  con- 
ditions representing  both  ore  and  capping  fine.  This  apparently  was 
the  worst  condition,  the  extraction  being  very  low. 

Conclitsions  Derived  from  Experiments 

The  conclusions  derived  from  the  experiments  were  as  follows:  (1)  The 
less  the  distance  between  chute  centers,  the  greater  the  extraction;  (2)  the 
higher  the  ore  column,  the  greater  the  extraction;  (3)  the  less  the  amount 
drawn  at  a  time  from  each  chute,  uniformly,  the  greater  the  extraction 
of  dean  ore  before  the  capping  appeared,  but  not  the  greater  the  total 
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extraction  to  a  1  per  cent,  copper  final  product;  (4)  the  coarser  the  ore  and 
capping  without  fines,  the  greater  the  extraction;  (5)  the  higher  the  grade 
of  ore,  the  greater  the  extraction,  when  a  unifom  limit  of  grade  is  allowed 
at  the  end  of  the  chute  drawing.  (6)  Applied  to  mining,  the  results  of 
the  experiments  indicate  that  the  greater  the  amount  extracted  by  de- 
velopment and  undercutting,  the  greater  will  be  the  total  extraction. 
This  is  on  the  assumption  that  when  the  ore  caves  it  occupies  the  same 
voliune  as  in  place. 

Some  suggestions  deduced  from  these  experiments  considered  desir- 
able to  carry  out  in  mining  were:  (1)  Chute  centers  for  drawing  caved  ore 
should  be  as  near  together  as  the  groimd  will  allow ;  (2)  ore  should  be  caved 
in  as  high  columns  as  practicable;  (3)  when  capping  appears  at  the  chutes, 
no  more  should  be  drawn  unless  the  bottom  slice  is  being  mined. 

While  all  of  the  tests  described  were  made  with  a  barren  capping, 
in  the  actual  mining  of  a  sulphide  orebody  having  mixed  or  oxidized  ore 
over  it  in  place  of  barren  capping,  the  recovery  of  sulphide  ore  would  be 
considerably  increased  over  the  experimental  results,  provided  the  mixed 
or  oxidized  ore  could  be  treated  at  a  profit. 

In  deciding  what  extraction  could  be  expected  by  caving  from  35  ft. 
to  70  ft.  of  ore  in  average  caving  ground,  the  results  obtained  in  tests 
Nos.  10  and  11,  as  detailed  in  Table  2,  were  considered  conservative,  pro- 
vided the  chutes  were  closely  watched  and  ore  of  below  the  commercial 
limit  not  drawn.  If  the  ground  under  the  caved  ore,  the  location  for 
raises  and  chutes,  is  hard  and  strong,  results  of  tests  Nos.  7  and  8  could 
be  taken  as  obtainable.  This  opinion  is  based  on  the  supposition  that 
the  capping  will  break  up  in  about  the  same  way  as  the  ore  and  not 
into  a  fine  powdery  sand. 

Method  op  Mining 

The  Inspiration  company's  method  of  mining  is  one  of  the  so-called 
Caving  systems  whereby  the  ore  is  caused  to  cave  and  crush  itself,  thus 
reducing  to  a  minimum  the  blasting  and  handUng.  It  is  a  modification 
of  the  method  introduced  by  FeUx  McDonald  at  the  Ohio  Copper  Co.'s 
mines  in  Utah,  and  was  put  into  operation  at  the  Inspiration  under  his 
supervision.  The  method  consists,  essentially,  of  undercutting  the  ore 
(taking  out  a  horizontal  slice),  allowing  the  ore  above  to  cave  and  crush, 
and  drawing  off  the  crushed  ore  through  small  incUned  raises  driven 
under  the  caved  ore,  into  main  incUned  raises  that  lead  down  to  the 
haulage-drift  chutes. 

Preliminary  Development  Work 

By  referring  to  the  accompanying  illustrations  showing  the  progress- 
ive steps  of  mine  development,  a  good  understanding  of  the  method  will 
be  obtained. 
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After  shafts  have  been  sunk,  tBe  haulage  drifts  are  driven  under  the 
ore  of  the  section  or  sections  to  be  mined  at  intervals  of  100  ft.  as  shown 
in  Fig.  2.  These  drifts  are  of  large  size,  being  9  ft.  wide  at  the  base  of 
the  rails,  73^  ft.  wide  at  the  cap,  ,and  7}4  ft.  high  above  the  rail  base. 
Where  timbered,  the  above  refer  to  inside  timber  dimensions. 

After  the  haulage  drifts  are  in,  or  during  their  driving,  "pony"  sets 
are  put  up  every  25  ft.  along  the  drifts.  The  "pony"  set  is  about  5  ft. 
high,  placed  on  top  of  the  regular  drift  set  and  is  the  place  from  which  the 
car  loaders  operate  the  chute  gates  discharging  into  the  haulage  cars. 

Inclined  raises  are  then  started  from  the  "pony"  sets  at  an  inclina- 
tion of  from  50**  to  54°,  depending  on  whether  the  sublevels  are  to  be 


Gapping 


PRELIMINARY  DEVELOPMENT 
H^coFt. 


Boandary 


Sabl 


8 

"g  Low  Grade 


cr 

--I 

A 

-A-X. 

3 

PLAN  SUB   8^ 


SECTION  THROUGH  RAISES  A-A 

Fig.  2. — Prbliminart  Development  Undertaken  bt  Drivinq  Inclined  Raises 
FROM  Haulage-Level  Drifts. 


30  or  35  ft.  vertically  apart,  in  a  plane  at  right  angles  to  the  haulage 
drifts.  When  these  raises  are  up  from  10  to  15  ft.,  chutes  are  built  at 
the  "pony"  sets  and  ore  gates  of  steel  are  installed. 

The  raises  are  then  advanced  until  the  first  sublevel  is  reached. 
•*Sub"  drifts  are  then  started,  from  the  first  raises  to  reach  the  required 
level,  and  are  driven  parallel  to  the  haulage  drifts.  These  drifts  break 
into  the  other  raises  every  25  ft.',  as  they  advance,  thus  cutting  down  the 
cost  of  handling  the  drift  "muck.''  The  raises  are  then  again  advanced 
to  the  next  sublevel  where  drifting  is  to  start.  The  drifts  on  this  level 
are  then  driven,  meeting  the  raises  as  they  advance.  All  of  these  devel- 
opment raises  are  about  4  ft.  in  diameter,  and  the  subdrifts  6  by  7  ft. 

This  method  of  raising  and  sublevel  drifting  is  continued  until  the 
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height  is  reached  where  the  first  undercut  is  to  be  made,  and  the  drifts 
are  driven  as  before. 

The  first  undercut  sublevel  will  be  located  below  the  top  of  the  ore, 
at  about  the  height  at  which  it  is  intended  to  cave.  When  the  prelimi- 
nary development  is  finished,  the  sublevel  drifts  on  the  first  undercut- 
ting level  are  50  ft.  apart,  as  they  are  on  the  "sub"  just  below,  as  shown 
in  Fig.  2.  On  all  the  "subs"  below,  the  drifts  are  100  ft.  apart.  All 
the  drifts  on  each  "sub"  are  also  connected  with  inclined  raises  every 
25  ft.  Cross  drifts,  connecting  all  the  drifts  on  each  "sub,"  are  also 
driven  at  intervals  of  about  150  ft. 

The  next  work,  before  xmdercutting  is  conunenced,  is  to  drive  on  the 
level  to  be  undercut  other  "sub"  drifts,  between  and  parallel  to  those 
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FiQ.  3. — Prbcedinq  Undercutting,  the  Topmost  Level  is  Developed  bt 
Drifts  Spaced  on  25-Ft.  Centers  and  Connected  with  the  Branch,  or  "Finger 
Raises/' 

already  driven,  as  best  shown  by  Fig.  3,  making  the  drifts  on  this  "sub" 
25  ft.  center  to  center.  These  drifts,  as  they  advance,  meet  branch  raises 
of  the  main  incUned  raises  at  123^-  or  25-ft.  intervals  as  desired.  These 
small  branch  raises,  shown  in  Fig.  4,  are  called  "finger  raises, *'  many  of 
which  are  put  up  just  before  or  ahead  of  the  undercutting  operations. 

UndercuMing 

Undercutting  the  ore  is  accomplished  by  starting  at  a  cross  drift,  on 
the  boundary  of  the  section  to  be  mined,  and  in  retreating  from  that  cross 
drift,  as  best  shown  in  the  plan  of  Fig.  5,  drilling  deep  holes,  at  nearly 
right  angles  to  the  drifts,  into  the  pillars  between  them,  and  blasting  out 
the  ground.    Three  holes  are  drilled  in  each  side  at  different  angles  in 
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the  same  vertical  plane,  with  one  hole  in  the  back  of  the  drifts,  thus  mak- 
ing seven  holes*  to  the  round.  For  this  work  a  water-hammer  one-man 
drill  with  large  steel  is  used.  The  holes  are  from  8  to  10  ft.  in  depth. 
Usually  the  roxmds  are  blasted  one  at  a  time,  the  undercutting  receding 
from  the  caved  ground. 


Ore  from  the  imdercut  is  drawn  through  the  "  finger  raises, "  in  each  of 
which  has  been  built  an  ordinary  board  chute  to  control  the  drawing! 
The  "finger-raise"  chutes  are  located  about  4  or  5  ft.  below  the  sublevel, 
so  that  they  will  not  be  blasted  in  shooting  the  imdercutting  holes. 

While  in  some  groxmd,  the  ore  begins  to  cave  as  soon  as  it  is  undercut, 
in  hard  ground  caving  does  not  start  until  the  undercutting  has  receded 
a  considerable  distance. 
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Ore  Drawing 

After  the  ore  caves  it  is  drawn  off  as  desired.  Large  boulders  that 
will  not  pass  the  raise  chutes  are  blasted.  In  drawing  off  the  ore,  the 
chute  "tappers''  work  in  pairs.  One  "  tapper"  goes  up  a  raise,  from  the 
"grizzly  sub,"  which  is  the  first  "sub"  below  the  undercutting  level, 
opens  a  chute  gate  and  draws  the  ore,  while  the  other  "tapper"  works 
the  ore  through  the  grizzly  on  the  "sub"  below. 

All  grizzlies  have  about  1-ft.  openings  and  are  made  of  timber  or 
steel  rails.  They  are  placed  over  all  raises  on  the  "grizzly  sub"  and  are 
set  at  right  angles  to  the  drift.  Pieces  of  ore  too  large  to  pass  the  grizzly 
are  broken  with  an  8-lb.  hammer  by  the  "tapper"  tending  the  grizzly. 


UNDERCUTTING  AND  CAVING 
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PLAN  SUB  8H 

Fig.  5. — Starting    Undercutting  by  Blasting  Down  the    Pillars  between 

SuBLEVEL  Drifts. 

After  passing  the  grizzlies,  the  ore  falls  into  the  main  raises  and  down 
to  the  haulage-drift  chutes  where  it  is  loaded  into  5-ton  cars  and  hauled 
in  trains,  of  15  to  20  cars,  to  the  shaft  bins. 

The  second  undercut  can  be  located  at  one,  or  any  number  of  sub- 
levels  below  the  first  undercut,  according  to  the  height  of  ore  which  it  is 
desired  to  cave.  It  could  be  located  at  the  bottom  of  the  ore  if  desired. 
In  fact,  the  first  undercut  could  be  located  at  the  bottom  of  the  ore  if  it 
were  known  that  the  orebody  to  be  mined  could  be  caved  throughout 
its  total  height. 

Underground  Haulage  and  Hoisting  Arrangements 

At  the  Inspiration  mine  the  ore  trains  are  hauled  by  compressed-air 
locomotives  built  by  the  H.  K.  Porter  Co.  of  Pittsburgh.    Arrived  at  the 
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shaft,  the  cars  are  tippled  into  the  shaft  bins  by  barrel-shaped  tipples, 
five  cars  at  a  time.  From  the  shaft  bins  the  ore  is  loaded  automatically 
into  12J^-ton  skips  and  hoisted  by  electrically  driven  automatic  hoists 
to  the  steel  bins  on  the  surface. 

For  hoisting  ore,  two  main  shafts  101  ft.  apart  are  used.  Both  shafts 
have  three  compartments,  of  which  two  in  each  shaft  are  skipways.  The 
third  compartment  in  one  shaft  contains  the  ladderway,  pipes  and  electric 
conduits,  while  in  the  other  shaft  the  third  compartment  contains  an 
Otis  double-deck  elevator  for  hoisting  and  lowering  men.  Both  shafts, 
the  underground  bins,  and  the  stations  are  all  lined  with  reinforced 
concrete. 

Only  two  levels  are  used  for  hauling  ore,  the  4th  and  6th.  The  vertical 
distance  between  these  two  levels  is  130  ft.  A  good  idea  of  the  arrange- 
ment of  the  mine  is  obtained  from  Fig.  6.  On  the  6th  level  the  shafts 
are  connected  by  two  drifts,  one  for  each  shaft.  In  each  drift  there  is 
a  tipple  over  the  bin  at  the  shaft.  The  arrangement  of  the  drifts,  bins, 
tipples  and  stations  is  symmetrical  with  a  center  line  between  the  two 
shafts  so  that  the  tipples  are  operated  by  one  man  from  a  central 
location. 

On  the  4th  level  one  double-track  drift  passes  between  the  two  shafts 
and  is  connected  to  the  shaft  stations  by  a  small  cross  drift.  The  ore  is 
dumped  by  one  tipple,  on  this  level,  into  a  small  bin  which  is  connected 
with  the  6th  level  bins  by  a  concrete-lined  inclined  raise.  This  arrange- 
ment makes  necessary  only  one  loading  level  for  the  skips. 

The  Inspiration  Consolidated  Copper  Co.  commenced  underground 
development  on  a  large  scale  toward  the  latter  part  of  1913  but  did  not 
start  regular  mining  operations  until  August,  1916.  The  tonnage 
mined  gradually  increased  as  the  concentrator  was  able  to  handle  it  imtil 
at  present  (June,  1916)  an  average  tonnage  of  16,700  tons  is  being  mined 
daily. 

The  cost  of  mining  is  now  60  c.  per  ton,  including  20  c.  for  development 
and  all  fixed  charges. 

The  percentage  of  ore  and  copper  extraction  obtained  by  the  Inspira- 
tion method  cannot  be  determined  positively  until  some  section  has  been 
entirely  mined  from  top  to  bottom  of  the  ore.  But  based  on  results  in 
six  sections  of  the  mine  from  the  first  undercut  to  the  capping  estimated 
to  contain  1,886,450  tons,  and  which  have  been  almost  completely 
drawn  to  capping,  the  ore  extraction  is  102.44  per  cent,  and  the  recovery 
of  copper  86.52  per  cent.  The  second  undercut  is  expected  to  increase 
the  copper  recovery. 
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[subject  to  revibionI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preMnted  in  person  at  the 
Arisona  meeting,  September,  1016,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  im- 
poMible,  than  duioussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers. 
20  West  89th  Street,  New  York,  N.  V.,  for  presentation  b^  the  Secretary  or  other  representative  oi 
Ha  author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1,  1016. 
Any  diaeusrion  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Block  Method  of  Top  Slicing  of  the  Miami  Copper  Co. 

BT  E.   G.   DBANE,^  B.   S.,   B.   M.,   MIAMI,   ARIZ. 
(Aiisona  Meeting,  September,  1016) 

A  METHOp  of  top  slicing  has  been  devised  at  the  Miami  Copper  Co.'s 
mine  at  Miami,  Ariz.,  which  differs  radically  in  some  ways  from  the  cus- 
tomary methods  of  top  slicing. 

The  area  of  that  section  of  the  orebody  in  which  top  slicing  is  used  is 
about  800  ft.  square.  The  ore,  while  for  the  most  part  soft,  is,  neverthe- 
less, considerably  harder  than  the  capping.  The  latter  is  siliceous,  seldom 
containing  any  clay  or  other  binding  material,  and  breaks  into  fine  par- 
ticles so  that  it  runs  like  sand  if  given  the  opportunity.  Because  of  these 
facts,  and  because  the  ore  is  above  the  average  grade  of  the  mine  ore,  it 
has  been  mined  by  top  slicing. 

Haulage  levels  are  opened  up  150  ft.  apart,  vertically,  with  two  sub- 
levels  between  at  50-ft.  intervals,  to  faciUtate  the  building  of  ore  ehutes. 
These  sublevels  are  used  during  sUcing  for  distributing  air  in  the  ventila- 
tion system.  On  the  haulage  level  the  drifts  are  spaced  on  50-ft.  centers, 
and  raises  along  these  drifts  are  also  spaced  on  50-ft.  centers,  except  the 
incline  raises  as  hereafter  noted.  The  raises  are  cribbed  where  necessary. 
Where  the  wear  will  be  excessive,  K-i^^*  iron  plates  are  spiked  to  the  top 
of  every  third  set  of  cribbing,  for  its  protection. 

When  top  slicing  was  first  used,  an  attempt  was  made  to  carry  a 
slicing  face  from  fifty  to  several  hundred  feet  long.  Timber  and  other  sup- 
plies were  brought  in  through  long  drifts  from  an  auxiUary  shaft.  Great 
difficulty  was  experienced  in  keeping  these  drifts  open,  the  side  pressure 
breaking  the  posts  and  the  top  weight  breaking  both. caps  and  posts. 
Furthermore,  the  men  could  not  work  ejficiently  while  these  drifts  were 
being  repaired.  The  slicing  faces  advanced  irregularly,  due  to  varying 
conditions,  and  in  many  ways  the  results  were  not  all  that  could  be  de- 
sired. It  was  then  decided  to  divide  the  sUcing  area  into  blocks  200  ft. 
square  and  this  was  later  changed  to  250  ft.  square. 

At  the  center  of  each  block  a  two-compartment  raise  is  put  up  as  a 
supply  raiscy  the  compartment  being  2  ft.  6  in.  and  4  ft.  by  4  ft.  4  in.,  the 
smaller  being  used  as  a  man  way.    Station  sets  of  12  by  12  timber  with 
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9-  or  10-ft.  posts  are  put  in  and  an  IngersoU  stretcher  bar  air  hoist  is 
mounted  above  the  larger  raise  compartment  to  use  in  hoisting  the  timber, 
steel,  etc.  Four  bulkheads,  built  solidly  of  blocks  of  square  timber,  are 
put  in  as  shown  in  Fig.  1.  Two  of  these  are  7  by  11  ft.  in  size,  and  the 
other  two  7  by  7  ft. 

Two  drifts,  usually  untimbered  at  first,  are  run  out  100  ft.  on  the  long 
axis  of  the  supply  raise.     At  the  end  of  each  of  these  and  at  right  angles 
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FiGS.  1  TO  4. — Plan  Showing  Progressive  Steps  in  Block  Method  op  Top- 
Slicing. 

to  them,  two  drifts  are  run  125  ft.  to  the  block  limits.  When  these  limits 
are  reached,  slices  are  started  toward  the  corners  of  the  block.  These 
slices  are  timbered  either  with  single  sets  consisting  of  two  8-ft.  posts  and 
a  12-ft.  cap,  or  with  a  double  set  consisting  of  three  8-ft.  posts  and  two 
7-ft  caps,  depending  upon  the  ground.  The  ore  is  taken  to  the  floor 
above. 
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As  soon  as  the  first  slices  have  advanced  a  few  feet,  second  and  third 
slices  are  started,  and  also  first  slices  toward  the  centers  of  the  block  limits. 
Every  man  who  can  work  to  advantage  is  put  on  and  the  ore  mined  with 
the  greatest  possible  speed. 

Where  there  is  a  sujficient  mat  of  old  timbers  in  the  back  to  obviate 
the  danger  of  the  capping  running  into  the  ore  there  is  no  permanent 
floor  laid,  the  planks  used  in  shoveling  and  wheeling  the  ore  being  taken 
up  later.  Where  there  is  no  mat  or  it  is  not  sujficient,  a  floor  of  2-in. 
plank  spiked  to  2  by  10  sills  is  laid.  Formerly  5  by  10  and  4  by  8  sills 
were  used,  but  it  was  found  that  after  being  subjected  to  the  pressure  and 
heat  of  a  completed  stope,  a  5  by  10  or  4  by  8  sill  seemed  to  have  practic- 
ally no  more  strength  than  a  2  by  10. 

As  soon  as  the  timbers  in  the  slices  show  signs  of  taking  weight,  bulk- 
heads are  built  of  old  timbers,  obtained  either  from  the  mat  in  the  back, 
or  from  repair  work  in  other  parts  of  the  mine.  As  soon  as  possible,  the 
posts  are  drilled  and  the  slices  shot  down. 

By  the  time  slicing  has  started,  four  drifts  have  been  run  to  the  centers 
of  the  sides  of  the  blocks  as  shown  in  Fig.  2  and  slicing  is  also  done  from 
these.  Working  as  intensively  as  possible,  all  ore  except  the  four  central 
pillars  is  quickly  mined  out  as  shown  in  the  series  of  illustrations.  As 
about  the  last  of  this  ore  is  being  taken,  crosscuts  are  driven  to  incline 
raises,  put  up  to  about  the  center  of  the  four  central  piUars,  as  shown  in 
Fig.  3,  and  slicing  continues,  working  from  the  outside  of  the  remaining 
ore  to  the  supply-raise  bulkheads  first  put  up  as  shown  in  Fig.  1,  thus 
completing  the  stope.  By  this  time,  these  bulkheads,  which  were  10  ft. 
high  when  put  in,  have  squeezed  to  from  4  to  6  ft.  in  height.  Upon  com- 
pletion, the  stope  is  shot  down  and  another  may  then  be  started  below, 
though  it  is  best  to  let  the  ground  settle  for  a  few  weeks. 

At  first  thought  the  criticism  suggests  itself  that  with  such  weight 
the  mining  method  used  intensifies  this  weight  as  the  block  approaches 
completion.  But  experience  has  shown  that,  as  a  rule,  the  maximum 
weight  is  taken  by  the  timbers  at  about  the  time  the  outside  pillars  are 
completed,  and  as  mining  progresses  a  larger  proportion  of  the  weight 
is  taken  by  the  bulkheads  in  the  outside  slices.  At  no  time  does  the 
weight  on  the  remaining  ore  and  the  slices  still  necessarily  open  get 
beyond  control.  These  central  pillars  constitute  our  cheapest  ore,  not 
only  because  of  the  pillar  raises  but  because  the  ground  has  been  frac- 
tured by  the  weight,  and  lifters  are  the  only  holes  necessary  to  break 
the  face. 

All  drilling  is  done  with  plugger  machines,  using  a  water  spray 
attached  to  a  5-gal.  can.  No  cars  are  used  in  the  slices,  all  ore  being 
shoveled  directly  into  the  chutes  or  wheeled  in  barrows.  Round  timber 
is  used  almost  exclusively  in  the  stopes,  because  of  its  superior  strength. 

Ten  feet  has  been  taken  as  the  standard  height  of  a  slice.     If  a  greater 
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height  is  taken  the  ore  sloughs  off  the  top  of  the  slicing  face  faster  than 
it  can  be  mucked  out  and  the  bottom  shot,  thus  shortly  caving  the  slice. 
It  is  possible  that  later,  when  a  good  mat  has  been  formed,  sublevel 
caving  may  be  used,  but  so  far,  where  tried,  it  has  not  been  successful. 

The  ventilation  of  these  slice  blocks  is  very  important  because,  with- 
out it,  the  heat  coming  out  of  the  mat  is  excessive  and  prevents  efficient 
work.  It  is  accomplished  by  connecting  one  of  the  sublevels  below  the 
slicing  floor  with  the  discharge  end  of  a  60,000-cu.  ft.  fan.  Openings 
are  maintained  from  the  sublevel  to  raises  through  which  it  is  desired  to 
'force  air. 

As  a  result  of  the  change  to  the  block  method  of  slicing,  and  to  using 
forced  ventilation,  the  production  per  mucker-shift  has  been  raised  from 
9  to  20  tons,  the  production  per  man-shift  from  5  to  10  tons. 

While  the  details  of  this  method  have  been  fully  worked  out  and  a 
large  tonnage  of  ore  has  already  been  extracted  by  its  use,  the  work  to 
date  has  to  a  large  extent  been  preparatory  to  systematic  work  for  lower 
lifts.  It  is  not  possible  to  give  representative  costs,  but  the  following 
is  an  estimate  of  what  is  expected: 

Mining  Costs  per  Ton 

Preliminary  development SO. 035 

Haulage  development 0.026 

Other  development  (raises,  etc.) 0. 080 

Total  development $0. 140 

Stope  Costs: 

Miners,  at  S3.75 0.080 

Muckers,  at  S3.75 0. 160 

Drills 0.030 

Explosives 0.040 

Timbering,  labor 0.070 

Timbering,  supplies 0. 130 

General — ^bosses,  nippers,  etc 0. 040 

Total  stoping 0.550 

Haulage 0.055 

Hoisting 0.04 

Pumping 0.005 

Greneral  undergrcund 0.025 

Ventilation ^ 0.015 

Engineering  and  sampling 0.016 

Underground  lighting 0. 004 

Mine  surface 0, 030 

Total $0,880 
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Cost  and  Extraction  in  the  Selection  of  a  Mining  Method 

BY   C.    E.    ARNOLD,   B.    B;,    MIAMI,    ARIZ. 
(Ariiona  Meeting,  September,  1916) 

In  attacking  the  problems  of  mining  and  treating  large  disseminated 
copper  orebodies  such  as  those  occurring  in  the  Miami  or  the  Ray  dis- 
trict of  Arizona,  one  of  the  vital  questions  to  be  decided  is,  "What  is  the 
value  of  the  orebody  per  ton  in  place?"  The  importance  of  this  ques- 
tion lies  in  the  fact  that  its  answer  helps  to  reach  a  decision  concerning 
the  method  of  mining  to  be  employed. 

Let  it  be  assumed  for  the  moment  that  milling  and  smelting  practice, 
especially  the  latter,  is  more  or  less  standardized,  and  has  a  cost  incap- 
able of  much  variation,  while  the  cost  of  mining  has  a  considerable  range 
owing  to  the  large  number  of  mining  methods  by  which  a  mine  may  be 
exploited.  For  instance,  a  method  may  be  adopted  whereby  all  the 
available  ore  can  be  extracted  perfectly  clean  (i.e.,  unmixed  with  barren 
material)  at  a  relatively  high  cost;  or  a  method  may  be  used  involving 
the  necessary  dilution  of  a  portion  of  the  ore  with  waste,  in  order  to 
recover  that  portion,  thus  giving  a  relatively  poorer  extraction  but 
nevertheless  a  lower  working  cost  than  the  former  method.  Naturally, 
l)etween  these  two  extremes  there  lie  intermediate  methods. 

In  order  to  arrive  at  a  solution  of  a  mining  method  problem  that  is  of 
any  value,  it  is  necessary  that  accurate  and  complete  estimates  of  mining, 
milling,  and  smelting  performances  and  costs  shall  be  established.  By 
way  of  illustration  is  given  a  case  of  mining,  by  the  system  of  undercutting 
and  caving,,  a  large  orebody  with  an  average  content  of  1.50  per  cent.  cof>- 
per  supposedly  all  in  sulphide  form,  to  which  case  has  been  applied  those 
results  in  mining  operations  which  one  may  fairly  assume  are  to  be  ex- 
pected when  viewed  in  the  light  of  G.  R.  Lehman's  ore-drawing  experi- 
ments, which  form  the  subject  of  a  paper  to  be  presented  at  this  meeting. 

It  is  assumed  that  the  total  costs  will  be  as  shown  in  the  following 
table: 
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Costs  on  1  Ton  of  Clean  Ore 

Mining,  including  prepaid  development $0. 600 

Coarse  crushing 0. 024 

^     Freight  on  ore 0.015 

Concentrating 0.462 

Freight  on  concentrate 0.002 

Smelting,  freight  on  copper,  refining,  marketing,  etc 0.737 

Amortization 0. 120 

Total si  .960 

To  attain  these  costs,  a  daily  production  and  treatment  of  14,400 
tons  has  been  assumed.  Other  assumptions  are  as  follows:  15  per  cent. 
of  orebody  is  to  be  extracted  clean  by  development  work  and  undercut- 
ting; 63.8  per  cent.  (75  per  cent,  of  85  per  cent.)  is  to  be  extracted  dean 
by  caving,  leaving  21.2  per  cent,  part  of  which  is  to  be  extracted  by  dilut- 
ing with  waste,  and  the  remainder  lost.  Dilution  and  extraction  are  to 
be  related  as  shown  by  the  curve  in  Fig.  1.  The  copper  tenor  of  the  con- 
centrate is  to  vary  uniformly  between  25.33  per  cent,  and  30.00  per  cent. 
on  0.80  per  cent,  and  1.50  per  cent,  ore  respectively.  Mill  extraction  is 
to  vary  uniformly  between  69  per  cent,  and  83  per  cent,  on  0.80  per  cent. 
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Fig.  1. — Showing  Eppbct  op  Dilttting  the  Last  Drawn  Orb  with  Capping 
UPON  CoppBR  Assay  op  the  Mixture. 

and  1.50  per  cent,  ore  respectively.  The  selling  price  of  copper  is  to 
average  14  c.  per  pound.  The  life  of  property  will  be  12  years.  Smelting 
is  to  be  performed  under  contract  with  an  outside  company. 

In  the  above  set  of  assumed  costs  the  charge  of  $0.12  per  ton  of  ore 
for  amortization  represents  the  outlay  necessary  to  redeem  in  12  years 
all  expenditures  for  plant  (not  including  smelter),  lands,  railroad,  water 
supply,  etc.,  other  than  the  expenditures  required  in  preparing  the  mine 
for  the  assumed  daily  production.  This  latter  expense  is  covered  by  a 
charge  of  $0.20  per  ton,  which  is  included  in  the  estimate  of  $0.60  per 
ton  for  mining.  The  amortization  fund  is  considered  as  an  annuity  in- 
vested at  4  per  cent. 

It  should  be  borne  in  mind  that  as  long  as  the  ore  is  undiluted  with 
waste,  the  above  total  cost  of  $1.96  is  all  that  is  applied  to  the  ton  in 
place,  and  that  the  instant  dilution  starts  the  cost  per  ton  in  place  in- 
creases because  the  added  waste,  until  it  disappears  in  the  mill  tailing, 

goes  through  all  the  operations  to  which  the  ore  is  subjected.     Further- 
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more,  when  the  ore  is  diluted,  the  mill  extraction,  and  consequently  the 
smelter  return,  decreases,  likewise  the  copper  tenor  of  the  concentrate 
decreases.  These  disadvantages,  however,  are  to  a  certain  extent  offset 
by  the  fact  that  on  dilution,  the  increasing  concentration  ratio  and  the 
decreasing  copper  content  of  the  concentrate  lower  the  smelting  cost  on 
the  ton  of  ore  in  place. 
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Fig.  2. — Showing   Degbbabinq   Smbi/tbr   Receipts    and   Rising   Costs   with 

Increased  Dilxttion. 


Taking  into  account  all  these  variables,  the  curves  shown  in  Fig.  2 
were  plotted,  and  then  by  using  these  in  conjunction  with  the  curve  of 
Fig.  1,  the  curve  of  Fig.  3  was  established,  showing  the  extent  to  which 
dilution  could  be  carried  to  secure  the  maximum  profit  from  that  ore 
remaining  in  place  after  the  extraction  of  all  available  clean  ore. 

The  cdYidusions  resulting  from  this  set  of  calculations  are  as  follows: 
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Fig.  3. — Showing  Maximum  Possible  Profit  with  Ore  Dilution  Increased 
until  Ore  Assay  is  Reduced  to  1.28  Per  Cent,  op  Copper. 


1.  To  obtain  a  maximum  profit  the  average  assay  of  the  dilution  prod- 
uct will  be  1.28  per  cent,  copper,  the  end  point  being  0.845  per  cent.,  as 
shown  in  Fig.  3,  at  which  point  receipts  from  sales  of  copper  just  balance 
total  costs. 

2.  The  total  ore  recovered  will  be  85.5  per  cent.,  as  shown  in  Fig.  1, 
of  which  78.8  per  cent,  will  be  extracted  clean  and  6.7  per  cent,  will  be 
extracted  in  conjunction  with  1.15  per  cent,  of  waste. 

3.  From  100  tons  of  ore  in  place  there  should  be  recovered: 
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78.8  tons  clean,  at  a  profit  of  S1.430 $112.68 

6.7  tons  diluted,  at  a  profit  of  1.063 7. 12 

85.5  tons  at  a  total  profit  of $119.80 

Expressed  otherwise,  the  above  might  be  stated  thus: 

78.8  tons  clean  ore  at  a  profit  of  $1.430 $112.68 

6.7  tons  clean  ore  at  a  profit  of    1.273 8.53 

Gross  profit $121.21 

1. 152  tons  waste  at  a  loss  of  1.221 1.41 

Net  profit $119.80 

This  is  equivalent  to  $1.20  per  ton  in  place. 

To  duplicate  this  performance  by  the  employment  of  a  mining  system 
that  would  give,  say  a  95  per  cent,  extraction  of  clean  ore  (this  represent- 
ing the  end  of  mining  operations),  a  mining  cost  increased  from  $0.60 
up  to  $0.77  per  ton  would  have  to  be  borne  as  indicated  below: 

Per  Ton 

Receipts  from  smelter $3.39 

Costs  other  than  mining 1 .36 

Difference 2.03 

Cost  of  mining 0.77 

Difference 1 .26 

Mining  extraction,  per  cent 95 

Profit  per  ton  in  place $1 .  20 

Further,  it  may  be  stated  that  on  some  particular  ore,  of  higher  copper 
content  than  1.50  per  cent.,  it  would  be  equally  profitable  to  apply  either 
a  low-cost,  low-extraction  mining  method,  or  a  high-cost,  high-extraction 
method;  and  with  further  increase  in  the  copper  content  of  the  ore  the 
high-cost,  high-extraction  method  would  yield  the  greatest  profit  per 
ton  in  place. 

By  the  application  of  similar  reasoning  to  various  mining  problems 
such  as  that  outlined  above,  it  will  be  found  that  the  resulting  figures 
indicate  plainly  the  mining  method  that  will  yield  the  greatest  ultimate 
profit.  Should  the  calculations  show  that  there  is  little  difference  in  the 
results  of  several  methods,  the  logical  decision  would  be  to  use  that 
method  in  which  the  element  of  doubt  is  smallest  regarding  the  realiza- 
tion of  the  estimated  costs. 
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Shaft  Sinking  through  Soft  Material 

BT  EDWARD   A.   SAYRE,  E.  M.,*  DES  MOINES,   IOWA 
(Arisona  Meeting,  September,  1916) 

In  shaft  sinking  for  coal  mines,  the  cost  item  greatly  influences  the 
method  adopted.  This  holds  true  especially  when  soft  material  must  be 
traversed.  The  average  Ufe  of  a  coal  mine  is  short.  This  is  due  either 
to  the  limited  area  of  the  coal  basin  or  to  the  great  expense  of  mainte- 
nance and  haulage  underground  when  the  entries  are  extended  a  consider- 
able distance  from  the  hoisting  shaft.  Therefore,  the  engineer  in  open- 
ing a  coal  mine  is  confronted  with  the  fact  that  the  cost  must  be  kept 
within  certain  bounds  else  the  venture  will  prove  unprofitable.  For  this 
reason  he  may  be  prohibited  from  adopting  certain  safe,  but  expensive, 
methods  that  are  used  in  sinking  caissons  for  foundations,  driving 
transportation  tunnels,  or  other  work  of  permanent  construction. 

A  common  method  of  sinking  through  difficult  ground  employs  the 
aid  of  a  steel  shoe  pushed  ahead  of  the  shaft  timbers.  Another  is  the 
drop-shaft  method.  These  two  methods  were  used  in  sinking  the  main 
shaft  and  the  air  shaft  of  the  Eagle  No.  3  mine,  at  Des  Moines,  la.,  and 
the  following  data  show  the  relative  success  and  cost  of  the  two  methods 
of  sinking  under  the  same  conditions. 

A  drill  log  of  the  material  to  be  penetrated  was  as  follows  (see  Plate 
l,Fig.l): 

Thickness,        Total  Depth, 
Ft.  In.  Ft.  In, 

Drift 38                   38 

Sand 2                   40 

Drift 2  6               42   6 

Join^  clay 6  6               48 

Drift,  firm 10  6               58   6 

Clay,  with  sand  streaks 3                   61    6 

Sand 12                   73   6 

Shale,  with  two  thin  beds  of  coal  and  thin 

strata  of  rock 86  6             160 

Rock 5                  165 

Coal 3  9              168   9 

Main  Shaft  Sunk  by  SteeUShoe  Method 

This  record  shows  the  first  73  ft.  to  be  of  drift  material,  the  lower 
12  or  15  ft.  of  which  was  eiand.  The  remaining  92  ft.  to  the  coal  was 
shale  and  rock,  and  offered  no  trouble  in  sinking. 

*  General  Manager,  Eagle  Coal  &  Mining  Co>d  by  CjOOQ Ic 
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The  general  equipment,  purchased  from  a  company  that  had  twice 
attempted  to  sink  on  this  property  and  failed,  consisted  of  one  80-hp. 
boiler,  a  hoisting  engine,  one  No.  5  horizontal  and  one  No.  6  vertical 
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Plate  1. 


Cameron  pump,  a  dump  car,  hoisting  buckets,  etc.  The  men  employed 
were  a  day  and  a  night  engineer,  one  timberman,  and  three  sinking 
crews,  each  consisting  of  three  sinkers  and  one  top  man.    Work  was 
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continuous  24  hr.  a  day  until  the  sand  was  reached,  when  it  was  cut  to 
two  shifts,  the  remaining  time  being  used  in  repacking  pumps,  etc. 

The  excavation  was  made  8  by  14  ft.  The  curbing  for  the  first 
50  ft.  consisted  of  2  by  4  and  2  by  6  timber  laid  flatwise,  alternately 
with  a  quarter  shaft  bratticed  off  with  3  by  12  material,  and  the  hoisting 
compartments  divided  by  4  by  6  buntons. 

No  trouble  was  experienced  in  sinking  until  the  bed  of  sand  at  the 
38-ft,  level  was  encountered.  This  sand  carried  a  small  amount  of  water 
and,  as  a  shaft  protection,  a  concrete  ring  was  put  in  behind  the  curb. 
The  next  trouble  was  experienced  from  the  42-  to  48-ft.  level.  It  had 
been  the  intention  to  assemble  the  shoe  at  this  level,  but  what  appeared 
to  be  a  firm  green  clay  proved  to  be  jointed  clay  with  a  seam  of  quick- 
sand through  it  and  the  exposed  wall  would  not  stand.  Temporary 
2  by  12  curbing  was  put  in  place  and  then  regular  curbing  carried  on 
down. 

At  the  50-ft.  level,  in  order  to  safeguard  the  assembling  of  the  steel 
shoe,  125  wooden  mine  ties,  3  by  4  in  by  4  ft.  long,  were  sledged  into  the 
clay  just  below  the  curb  as  shown  in  Plate  2.  Steel  angles,  6  by  4  in., 
were  fastened  with  lag  screws  to  the  under  side  of  the  ties.  An  excava- 
tion 6  ft.  deep  was  then  made,  undercutting  the  ties  16  in.,  and  a  false 
curb  of  2  by  6  boards  built.  The  shoe  was  then  assembled  at  this 
point. 

The  shoe  consisted  of  four  sheets  of  ^-in.  steel,  two  8  ft.  long  by  5  ft. 
high  and  two  14  ft.  long  by  5  ft.  high,  with  3-in.  angles  at  the  corners, 
and  a  6-in.  pressure  angle  placed  18  in.  from  the  bottom  of  the  shoe. 
The  curbing  was  then  built  inside  the  shoe  to  a  height  permitting  the 
jack  screws  to  be  placed  against  the  curb  timbers  of  the  shaft,  as  shown 
in  Plate  2. 

The  clay  was  then  excavated,  the  shoe  lowered  into  the  sand,  and 
pumping  started.  The  sand  carried  about  60  gal.  of  water  per  minute, 
which  would  rise  about  18  ft.  above  the  sand  when  pumping  was  stopped. 

In  order  to  avoid  the  formation  of  cavities  behind  the  curb,  as  little 
sand  as  possible  was  excavated.  To  prevent  an  inrush  of  sand  under 
the  shoe,  at  least  13^  to  2  ft.  of  sand  had  to  be  left  within  the  shoe.  The 
method  of  sinking  was  to  agitate  the  sand  at  the  bottom  of  the  shoe  and 
force  the  shoe  through  it  by  means  of  the  jack  screws  bearing  against  the 
shoe  and  the  curb  of  the  shaft.  Two  methods  were  used  to  agitate  the 
sand.  First,  while  the  men  could  reach  the  bottom  of  the  shoe,  they 
stirred  the  sand  with  spades.  By  this  method  the  shoe  was  lowered 
about  18  in.  in  the  sand.  Later  the  pumping  system  shown  in  Plate  2 
was  used. 

In  this  second  process  the  discharge  of  the  No.  6  pump  could,  when 
desired,  be  sent  through  five  %-in.  pipes,  as  indicated  in  the  drawing,  and 
these  five  jets  of  water  could  be  played  upon  the  sand  at  the  bottom  of 


Digitized  by 


Google 


1526 


SHAFT  SINKING  tHROI^GH  SOW  MATHSRIAL 


the  shoe.  It  was  found  that  these  jets  would  agitate  the  sand  suflBciently 
to  permit  the  jack  screws  to  push  the  shoe  down,  except  when  the  sand 
was  at  too  high  a  level  inside  the  shoe,  in  which  case  sand  would  have  to 
be  excavated  before  the  jet  process  could  be  resumed.  In  using  this 
process  the  men  would  stir  the  sand  with  the  jets  for  about  10  min.,  and 
then  tighten  the  jack  screws.  When  sufficient  space  was  obtained 
between   the  timbers  in  the  shoe  and  the  curbing  above,  the  jack 


Plate  2. — Detailed  Sketch  op  Sinking  Shoe,  Jack  Screws  and  Pumps. 

screws  of  one  side  were  removed,  and  sets  of  timber  put  in  place  on  top 
of  the  timbers  in  the  shoe,  and  then  the  other  jack  screws  were  moved. 
An  advance  of  18  in.  per  day  was  exceptional  by  this  method.  More 
often  it  was  less  than  a  foot. 

Necessarily  some  sand  had  to  be  excavated  at  times.  This  had  a 
tendency  to  cave  the  dirt  around  the  shaft,  which  in  turn  caused  an  ex- 
cessive down  pressure  and  broke  the  curbing  apart  a  number  of  times. 
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An  attempt  was  made  to  overcome  this  trouble  by  supporting  the  curb 
with  I-beams  and  cables  from  the  surface  as  shown  in  Plate  1,  Fig.  3. 
Ten  12-in.  I-beams  were  supported  on  cribs  at  the  surface,  and  ten  8-in. 
I-beams  were  swimg  under  the  4  by  6  angle  below  the  ties,  these  beams 
being  connected  by  twenty  %-in.  steel  cables.  When  the  sinking  was 
resumed,  the  curbing  continued  to  break,  the  I-beams  bent,  and  two 
cables  were  broken.  Since  it  appeared  impossible  to  hold  the  curb,  it 
was  decided  to  timber  the  shaft  solid  from  the  8-f t.  level  (where  the  most 
uniform  break  occurred)  to  the  bottom  of  the  shoe,  and  then  drop  this 
portion  of  the  shaft  through  the  remaining  5  ft.  of  sand. 

To  do  this,  the  ties  were  driven  back  into  the  wall  and  solid  timbering 
put  in  between  the  shoe  and  the  upper  curbing  of  the  shaft.  The  entire 
shaft  curbing  from  the  8-ft.  level  down  was  then  tied  together  with  2  by 
6-in.  stringers.  At  the  8-ft.  level,  2  by  4-in.  by  16-ft.  planks  were  spiked 
to  the  lower  curb,  the  upper  ends  projecting  above  the  break  as  shown 
in  Plate  1,  Fig.  4,  preventing  the  loose  material  from  falling  down  the 
shaft.  The  jet  system,  with  occasional  excavations  of  sand,  was  resumed, 
and  the  shoe,  with  50  ft.  of  curbing,  was  lowered  through  the  sand. 

In  landing  the  shaft  on  the  solid,  seven  boulders  from  1  to  2  ft.  in 
diameter  were  encountered.  Six  of  these  were  under  the  cutting  edge  of 
the  shoe,  and  were  removed  only  after  being  broken  up  by  means  of  a 
long  chisel  and  sledge. 

While  lowering  the  shaft  through  the  sand,  the  upper  timbers  of  the 
of  shaft  buckled  18  in.  out  of  line.  This  necessitated  retimbering  of 
the  shaft  from  the  top  of  the  sand  to  the  surface,  an  expensive  under- 
taking because  the  old  timbers  had  to  be  cut  out  and  replaced  in 
sections. 

On  completion  of  the  retimbering,  sinking  through  the  shale  was  com- 
menced. Three  shifts  of  four  sinkers  each  were  used  with  an  average 
daily  advance  of  5  ft.  The  only  problem  involved  in  sinking  through  the 
shale  was  the  elimination  of  the  water,  a  considerable  proportion  of  which 
was  choked  oflf  when  the  solid  was  reached.  This  water  was  taken  care 
of  by  placing  a  water  ring  at  the  86-ft.  level  with  a  pump  located  at  that 
point  to  elevate  the  water  to  the  surface  as  shown  in  Plate  1,  Fig.  5. 

Air  Shaft  Sunk  by  Drop-Shaft  Method 

The  air  shaft  was  located  350  ft.  from  the  main  shaft,  and  its  sinking 
conditions  were  similar  except  that  the  surface  at  this  point  was  10  ft. 
lower  than  at  the  main  shaft,  making  the  actual  distance  to  be  traversed 
to  the  solid  63  ft.  6  in. 

The  equipment  was  the  same  as  that  used  at  the  main  shaft.  The 
air  shaft  followed  a  drill  hole  tapped  by  an  entry  from  the  main  shaft,  so 
that  most  of  the  water  was  drained  through  this  drill  hole  and  then 
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pumped  to  the  surface.    Two  shifts  of  three  sinkers,  one  top  man,  and  an 
engineer  were  employed. 

The  size  of  the  excavation  was  the  same  as  before,  8  by  14  ft.  The 
steel  shoe  was  similar  to  the  one  in  the  main  shaft,  except  that  it  was  10  ft. 
high  instead  of  5  ft.  The  timbering  for  the  first  30  ft.  above  the  shoe 
consisted  of  4  by  6  laid  flat,  tied  together  by  lag  screws  %  in.  diameter 
by  10  in.  long,  spaced  2  ft.  apart.  The  shaft  was  divided  into  three  equal 
compartments  by  4  by  6  buntons  as  shown  in  Plate  3.     The  middle  com- 
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Plate  3. — Method  Employed  in  Sinking  Air  Shaft. 

partment  was  left  free  and  was  used  for  hoisting  purposes.  The  end 
compartments  were  braced  by  4  by  6  extending  from  the  ends  of  the  shaft 
to  the  sides.  Four  steel  straps  %  in.  by  2  in.  tied  the  shaft  timbers 
together  from  top  to  bottom. 

An  excavation  10  ft.  deep  was  first  made,  the  shoe  assembled  and  lined 
with  timbers.  The  sinking  was  continued  until  the  shoe  was  hung  up  by 
the  friction  on  the  sides.  Then  a  platform  was  built  every  5  ft.  in  the 
end  compartments.  These  6-ft.  chambers  were  filled  with  sand  to  give 
additional  weight,  and  the  sinking  continued.    The  groimd  surroimding 
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the  shoe  gradually  broke  in  an  oval  shape.  At  one  place  it  was  necessary 
to  fire  a  small  charge  of  powder  in  order  to  loosen  the  ground  sufficiently 
at  one  end  of  the  shaft. 

As  the  shoe  was  sunk,  timbers  were  added  at  the  top  of  the  curbing. 
This  method  of  building  the  curb  at  the  top  is  decidedly  better  than  that 
of  adding  timbers  at  the  bottom  since  the  timbers  are  placed  much  more 
accurately  and  expeditiously. 

One  difficulty  experienced  in  the  drop-shaft  method  was  to  keep  the 
bottom  of  the  shoe  level.  When  one  side  of  the  shoe  got  lower  than  the 
other  it  kicked  the  opposite  side  outward.  To  right  it,  the  lower  side 
was  blocked  until  the  higher  side  caught  up. 

The  progress  through  the  drift  material,  until  the  sand  was  reached, 
was  slow,  much  slower  than  at  the  main  shaft.  The  drop-shaft  went 
much  faster,  however,  after  reaching  the  sand.  In  fact,  the  difficulty 
at  that  time  was  to  keep  the  bottom  of  the  shaft  from  moving  faster  than 
the  top.  When  within  10  in.  of  the  bottom  of  the  sand,  the  shaft  broke 
apart  20  ft.  up  from  the  shoe.  This  was  due  to  the  fact  that  the  move- 
ment of  the  shoe  was  faster  than  that  of  the  top  of  the  shaft,  and  to  the 
insufficient  strength  of  the  straps  connecting  the  top  and  bottom  of  the 
curb.  At  this  point  (20  ft.  above  the  shoe)  the  curb  separated  from  6  to  8 
in.,  and  the  upper  part  of  the  shaft  kicked  over  9  in.  north  and  east  of 
the  lower  part.  A  temporary  platform  of  8  by  8  timber  was  put  in  the 
end  compartments  of  the  shaft  at  this  place,  and  time  given  for  the  upper 
part  of  the  shaft  to  settle  down  before  starting  the  excavation  again. 
The  sinking  was  then  continued  and  the  shoe  landed  on  the  solid  without 
further  difficulty,  aside  from  hitting  two  small  boulders  at  the  bottom  of 
the  sand. 

As  the  excavation  was  larger  than  necessary  for  an  air  shaft,  it  was 
decided  to  cement  the  shaft  for  a  distance  of  28  ft.  from  the  bottom  of  the 
shoe,  in  order  to  shut  off  the  water.  A  wall  of  cement  4  to  8  in.  thick 
was  accordingly  then  constructed. 

After  the  cement  was  given  time  to  set  thoroughly,  the  excavation 
was  again  started  in  the  shale  and  continued  without  difficulty  to  the 
coal.  Sinking  through  the  shale  in  the  air  shaft  cost  slightly  more  than 
in  the  main  shaft  because  work  in  the  mine  prevented  as  careful  super- 
vision being  given  the  sinkers  in  the  air  shaft. 

One  difficulty  encountered  in  drop-shaft  sinking  was  in  keeping  the 
position  of  the  shaft  vertical.  At  one  time  this  shaft  was  2  ft.  out  of 
plumb.  By  regulating  the  movement  at  the  bottom  of  the  shoe,  the  shaft 
partly  righted  itself,  until  at  the  finish,  in  a  total  depth  of  63  ft.  6  in.  to 
the  shale,  the  bottom  of  the  shaft  was  16  in.  to  the  south  and  10  in.  to 
the  east  of  the  top.  Part  of  this  variation  was  remedied  in  the  cementing 
of  the  shaft. 

A  much  larger  amount  of  sand  was  removed  in  sinking  the  air  shaft 
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by  the  drop-shaft  method  than  in  sinking  the  main  shaft.  This  could 
be  done  without  danger  of  a  cavity  forming,  because  the  surface  dirt 
followed  the  air  shaft  down  as  it  descended.  When  the  sinking  through 
the  sand  was  completed,  the  surface  directly  surrounding  the  air  shaft 
had  caved  to  a  depth  of  15  to  16  ft.  and  for  a  distance  of  20  ft.  in  all 
directions  from  the  shaft.  In  fact,  all  the  shale  that  was  removed 
through  the  remaining  92  ft.  to  the  coal  did  not  fill  this  space  at  the 
surface. 

A  comparison  of  the  costs  of  the  two  shafts  is  as  follows: 

Main  Shaft  Air  Shaft 

Labor: 

Through  drift  material $916 .  80  $789 .  OS 

Through  sand 1,941 .80                                541 .62 

,    Through  shale 1,065.68  1,213.30 

$3,924.28  $2,544.00 

Superintendence 600.00  435.50 

Retimbering ' 1,343.23 

Cementing 207.68 

Total  labor  cost $5,867.51  $3,187.18 

Materiab: 

Curbing $1,878.62  $1,195. 17 

Supplies 900. 14  642.74 

Power,  light,  water,  insurance, 

etc 1,248.50  649.71 

Total  curbing,  etc.,  cost $4,027.26  $2,487.62 

Total  costs  of  shafts $9,894.77  $5,674.80 

Condusions 

In  this  particular  work  there  was  no  question  about  the  superiority 
of  the  drop-shaft  method  of  sinking.  It  made  a  net  saving  of  $4,300  in 
the  total  cost  of  the  air  shaft  compared  with  the  main  shaft.  A  saving 
of  $2,700  was  effected  in  the  labor  cost,  while  in  the  cost  of  materials, 
power,  etc.,  the  saving  was  $1 ,600.  A  saving  in  time  also  resulted,  30  dajrs 
being  required  to  traverse  the  sand  with  the  main  shaft,  while  the  air 
shaft  was  dropped  through  it  in  17  days. 

From  the  results  obtained  in  these  two  shafts,  and  from  the  experience 
of  others  in  the  western  interior  coal  field,  we  believe  that  the  drop-shaft 
method  of  sinking  is  the  safest,  most  economical,  and  most  successful 
that  can  be  adopted  for  sinking  through  soft  material  that  lies  within 
100  ft.  of  the  surface.  At  greater  depths  a  variation  of  the  method  can 
be  used  by  first  sinking  a  larger  shaft  close  to  the  soft  material,  and  then 
telescoping  a  drop-shaft  within  it. 
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[saBJBCT  TO  bbvibionI 

DISCUSSION  OF  THIS  PAPBR  IS  INVITED.  It  should  prsforably  be  presaiitad  In  parson  at  the 
Arisona  meetins,  September,  1016.  when  aa  abstraot  of  the  paper  will  be  read.  If  this  is  impos- 
liblo,  then  disoossion  in  writinB  may  be  sent  to  the  Editor,  Amerioan  Institute  of  Mining  Ensineers,  39 
West  39th  Street*  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrancement  is  made,  the  discussion  of  this  paper  will  dose  Nov.  1, 1916.  Any 
diseussion  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Power  Plant  of  the  Burro  Mountain  Copper  Co. 

BY  CHARLES  LEQRAND/  DOUGLAS,   ARIZ. 
(Arisona  Meeting,  September,  1916) 

The  power  plaat  of  the  Burro  Mountain  Copper  Co.  is  located  near 
Tyrone,  N.  M.,  at  5,950  ft.  elevation.  It  is  interesting  because  it  uses 
the  largest  stationary  Diesel  engines  in  the  United  States. 

The  general  layout  of  the  plant  is  shown  in  Figs,  1  and  2.  The 
building  is  of  steel-frame  construction  with  hollow-tile  walls  and  corru- 
gated-iron roof;  the  floor  is  concrete  and  all  windows  have  steel  frames, 
making  a  fireproof  building. 

The  building  is  made  to  accommodate  one  more  electric  generator 
unit  which  is  being  installed;  also  two  4,000-cu.  ft.  air  compressors  direct- 
connected  to  three-cylinder  engines  with  the  same  size  cylinders  as  the 
electric  units. 

The  power  plant  consists  of  two  815-kva.,  60-cycle,  three-phase, 
6,600-volt,  180-r.p.m.  generators,  direct-connected  to  five-cylinder,  two- 
cycle  Diesel  engines;  the  necessary  circulating  pumps  for  cooling  water, 
cooling  towers  and  oil  storage  tanks. 

A  portion  of  the  power  is  used  in  the  same  building  as  the  generating 
units  to  nm  one  of  two  200-kw.  rotary  converters  delivering  260-volt 
direct  current,  and  a  2,500-cu.  ft.  air  compressor,  delivering  air  at  95 
lb.  pressure,  direct-connected  to  a  400-hp.,  6,600-volt,  three-phase 
synchronous  motor. 

The  remainder  of  the  power  is  used  to  run  a  1,500-ton  concentrating 
mill  33^  miles  from  the  power  house,  various  hoists,  pumps  and  motors 
about  the  mines  and  the  lighting  and  water-works  of  the  town  of 
Tyrone. 

The  direct  current  is  used  for  electric  traction  in  the  mine,  also  to  run 
hoists  and  motors  that  were  installed  before  the  new  power  plant  was 
built. 

Due  to  the  large  hoists  that  take  starting  peaks  of  250  kw.  and  the 
10-ton  electric  locomotive  that  takes  at  times  150  kw.,  the  load  is 
extremely  variable,  as  shown  in  Fig.  3. 

The  two  five-cylinder  vertical  Diesel  engines,  which  are  rated  at  1,250 
b.hp.  at  sea  level,  have  cyUnders  of  525-mm.  diameter  (20.6  in.)  and 

*  Ck)n8iilting  Engineer,  Phelps,  Dodge  &  Co. 
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660-mm.  (26  in.)  stroke;  each  engine  has  a  scavenging  cylinder  of  1,050- 
mm.  (41.25  in.)  diameter  and  600-mm.  (23.6  in.)  stroke;  also  a  three- 
stage^  four-cylinder  high-pressure  vertical  compressor,  both  directly 
connected  to  the  engine.  This  compressor  delivers  the  air  necessary  for 
fuel  injection  and  for  starting  the  engine.  The  scavenging  pump,  which 
is  larger  than  usual,  delivers  the  air  to  blow  oflF  the  products  of  com- 
bustion and  fill  the  cylinders  with  fresh  air  at  the  beginning  of  the  stroke 
This  pump  was  increased  in  size  to  be  able  to  fill  the  cylinders  with  air  at 
2M  lb-  gage  pressure  at  the  beginning  of  the  stroke.  This  gives  nearly 
the  same  initial  absolute  pressure  and  allows  the  engine  to  generate  nearly 
the  same  indicated  horsepower  as  it  would  at  sea  level.  The  work 
done  in  the  scavenging  pump  is,  however,  increased  and  the  horsepower 
available  is  approximately  95  per  cent,  of  sea-level  output. 

The  fuel  consumption  per.  horsepower  is  increased  over  sea-level 
conditions  because  of  the  extra  work  of  the  scavenging  pump  and  the 
resulting  lower  mechanical  efficiency  of  the  engine  when  operating  at  the 
elevation  of  this  plant. 
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The  plant  has  been  in  operation  for  17  months,  but  as  the  mill  was 
not  ready  until  the  middle  of  April,  1916,  up  to  that  time  the  load  was 
carried  on  one  engine. 

The  fuel  used  is  California  asphaltum  base  oil  14**  to  18**  B^.  gravity, 
averaging  16**  B6.  and  18,360  B.t.u.,  costing  $1.85  to  $1.98  per  barrel. 
The  number  of  heat  units  in  the  oil  was  not  determined  at  Tyrone,  but 
at  another  plant  which  gets  the  oil  from  the  same  s&ipping  point  and  under 
the  same  contract. 

The  pistons,  cylinders,  heads  and  exhaust  pipes  are  water-jacketed; 
the  jacket  water  of  the  exhaust  pipes,  which  can  be  easily  varied  in  tem- 
perature without  danger,  is  used  to  heat  the  fuel  oil  to  120°  F.  as  the  heavy 
fuel  oil  cannot  be  used  if  cold.  The  engines  are  started  with  a  lighter 
fuel  oil  of  about  25°  B^.  and  run  on  this  oil  until  the  heavy  oil  is  heated 
to  the  required  temperature;  when  shutting  ofiF  an  engine,  it  is  run  for  a 
few  minutes  on  light  oil  to  fill  up  the  oil  piping  with  light  oil. 

The  curve  in  Fig.  4  shows  the  oil  consumption  per  tiilowatt-hour 
delivered  at  the  switchboard  when  engines  were  tested  new;  it  is  the  aver- 
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age  of  several  tests.  It  is  interesting  to  compare  the  test  figures  with 
the  actual  consumption  as  shown  on  power  reports  of  the  company. 
Although  individual  months  show  variations  from  the  curve,  the  yearly 
average  for  1915  checks  very  closely  with  it,  showing  that  the  efficiency 
of  the  engines  is  well  maintained  and  that  the  variable  load  has  very 
little  detrimental  effect  on  the  fuel  efficiency. 

By  the  courtesy  of  Phelps,  Dodge  &  Co.,  owners  of  the  Burro  Moun- 
tain CJopper  Ck).,  I  am  allowed  to  publish  in  the  accompanying  table  the 
operating  costs  from  Jan.  1,  1915,  to  June  1,  1916.  These  costs  are  as 
they  stand  on  the  books  and  are  higher  than  is  to  be  expected.  They 
cover  the  running  cost  of  the  complete  plant,  exclusive  of  the  air  com- 
pressor.   These  costs  do  not  include  taxes,  overhead  charges  or  deprecia- 
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-AvERAQs  Fuel  CoN's^MPTIo^r  Tests  on  Diesel  Engine,  Burro  Mt. 
Copper  Co. 


Diesel  Engine:  5  cylinder,  1250  hp.  (sea-level  rating),  2  cy.  ch. 

Plant  Elevation:  5,950  ft. 

Fuel:  le'*  B6  California  crude  oil,  18,360  B.  t.  u.  per  pound. 


tion.  The  cost  per  kilowatt-hour  available  is  based  on  total  power 
generated  less  that  used  for  auxiliaries  in  power  plant,  such  as  lighting, 
circulating  pumps  for  oil  and  water,  etc.  To  simplify  bookkeeping,  the 
compressor  is  not  charged  with  the  cost  of  circulating  its  water  or  with 
its  proportion  of  the  lighting. 

The  labor  cost  is  high  because  we  have  operated  from  the  first  with 
the  full  labor  needed  for  operation  when  the  power  house  is  delivering  the 
power  necessary  to  run  the  mines  and  mill  at  the  rate  of  1,500  tons  per 
day,  a  condition  that  has  not  yet  been  reached. 

The  repair  cost  is  high,  for  soon  after  operations  were  started  the 
construction  accoimt  was  closed  and  several  items,  such  as  labor  for 
installing  recording  thermometers,  measiuring  gages,  some  lubricating- 
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oil  piping,  etc.,  were  charged  to  repairs.  During  the  first  year  we  also 
took  apart  the  pistons,  valves,  etc.,  of  the  engine  to  satisfy  ourselves  that 
everything  was  going  right  and  to  determine  if  possible  at  what  intervals 
this  work  would  have  to  be  done.  This  is  shown  by  the  relation  of  repair 
labor  to  material  used  in  the  repairs.  The  third  engine  is  being  furnished 
with  scavenging  valves  having  removable  seats,  and  we  decided  to  alter 
the  valves  of  the  two  engines  already  erected  while  we  needed  only  one 
engine  in  service. 

The  cost  of  repairs  is  shown  in  Table  2. 

The  repairs  to  circulating  pumps  and  water  piping  are  repairs  outside 
of  the  engine  water  piping;  the  repairs  on  lubricating-oil  system  are  also 
the  repairs  outside  of  the  engine.  The  item  of  other  repairs  covers  all 
repairs  to  building,  switchboard,  Ughting,  fuel-oil  system  and  rotary  con- 
verters. The  latter  should  not  be  included  under  the  cost  of  alternating- 
current  power,  but  to  separate  them  would  have  involved  a  great  deal  of 
work  and  the  final  result  would  not  be  appreciably  different. 

Table  2. — Burro  Mountain  Copper  Co.  Power  Plant  Repairs 


1915 


Ensines 


Circulating  Pumps 
and  Water  System 


Labor 


Jan $46.40 

142.95 
144.30 
171.06 
366.60 
297.60 
234.60 
303.66 
223.75 
280.80 
299.67 
229.76 
169.00 
167.76 
284.96 
74.30 
320.96 


Feb... 
Mar.. 
April. 
May. 
June . 
July.. 
Aug.. 
Sept.. 
Oct.. 
Nov.. 
Dec- 
Jan..  . 
Feb... 
Mar.. 
Apr.., 
May.. 


Material 

$6.21 

2.61 

7.67 

36.46 

6.80 

3.62 

3.61 

70.66 

7.67 

261.37 

5.92 

61.86 

0.34 

3.68 

162.60 

3.33 

1483.38 


Labor    I  Material 


Lubrioating-Oil 
System 


$1.60 

36.10 

4.60 

2.70 

26.70 

63.80 

79.60 

63.80 

70.30 

61.15 

7.95 

21.00 

19.70 

17.36 


8.16 


$2.82 
2.49 

14.08 

7.86 

20.71 

68.66 

6.56 

40.47 

16.43 

3.04 

0.06 

0.10 

2.39 


0.47 


Labor     Material 


1.10 


0.35 
6.16 
2.68 

12,00 

33.95 

16.86 

2.76 

0.95 

59.45 

14.25 

9.40 

142.00 

80.70 


0.78 
0.48 

2.58 

1.10 

11.79 

6.15 

0.16 

0.43 

9.54 

0.44 

2.56 

120.43 

29.46 


Other  Repairs 


I^abor 

6.90 
11.70 
18.85 
48.25 
42.30 
14.60 
50.10 
12.95 
96.95 
33.30 
18.70 

8.80 
12.20 
21.40 
36.05 
122.55 
52.80 


Material 


2.69 

2.98 

18.96 

1.24 

0.96 

17.27 

6.40 

23.81 

13.63 

24.88 

3.76 

15.46 

37.68 

12.15 

111.41 

48.68 


The  water  used  in  cooling  the  engines  is  mine  water,  which  apparently 
has  no  bad  effect  on  cast  iron,  but  has  a  strong  action  on  steel,  so  that  all 
of  our  oil  filters  had  to  be  rebuilt. 

The  circulating  pumps  come  in  for  a  large  repair  item  due  to  breakage 
of  check  valves  above  the  pumps  which  fell  in  and  wrecked  the  pumps. 

The  two  largest  items  of  repairs  on  the  engines  were,  one  main  bearing 


Digitized  by 


Google 


1538  POWER  PLANT  OP  THE  BURRO  MOUNTAIN  COPPER  CO. 

that  was  drained  of  its  oil  by  a  mistake  of  the  oiler  the  first  night  we 
operated  and  one  high-pressure  air-compressor  head  that  was  wrecked 
by  starting  the  engine  without  draining  the  air  cylinder,  aft^r  it  had  been 
idle  some  weeks.  A  small  water  leak  had  filled  the  cylinder  with  water 
and  the  head  broke  at  the  first  revolution  of  the  engine. 

The  greatest  trouble  we  have  had,  not  due  to  carelessness,  is  with  the 
helical  gears  driving  the  camshaft.  These  gears  have  a  tendency  to  get 
loose  and  one  of  them  split  from  the  keyway.  We  have  not  ascertained 
the  exact  cause  of  this  trouble,  which  is  now  much  reduced  since  iroa 
bands  were  shrunk  on  the  hub  of  the  gears. 

Two  important  items  of  running  expense  were  doubtful  when  the 
engines  were  purchased:  One  was  lubricating  oil  and  the  other  the  main- 
tenance cost.  The  first  one  is  now  settled  and  we  hope  to  reduce  the  cost 
from  that  shown  in  the  table  by  the  use  of  separate  pumps  to  each  point 
where  the  oil  is  delivered  in  the  cylinders,  insuring  a  definite  quantity 
of  oil.  The  present  engines  have  one  pump  deUvering  to  four  points  and 
it  happened  once  that  one  of  the  oil  pipes  became  plugged  and  gave  slight 
trouble  on  one  piston. 

The  maintenance  is  still  in  doubt,  and  cannot  be  determined  until  we 
reach  and  maintain  regular  operations  for  some  time;  but  the  writer 
thinks  it  will  show  a  decrease  from  the  figures  shown. 

The  water-cooling  connections  to  the  pistons  were  expected  to  give 
some  disagreeable  troubles,  but  we  have  had  practically  none. 

The  operation  of  the  engines  in  parallel  is  very  satisfactory  even  when 
the  load  is  light.  In  actual  operation,  with  one  engine  in  service,  the  peak 
load  carried  has  been  higher  than  was  expected  to  be  possible.  Under 
test,  900  kw.  was  the  limit  with  water-rheostat  load,  but  in  service,  peaks 
up  to  1,000  kw.  have  been  carried  for  several  seconds  without  seriously 
slowing  down  the  engine. 

On  the  whole,  the  operation  of  the  plant  has  been  satisfactory  and  the 
costs  obtained  are  considerably  better  than  with  a  steam  plant  of  the 
same  capacity  run  under  the  same  conditions,  amply  justifying  the  extra 
investment  for  this  type  of  engine  where  the  cost  of  fuel  oil  is  high. 
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[subject  to  revision] 


DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Arisona  meeting,  September.  1916,  when  an  abstract  of  the  ^aper  will  be  read.  If  this  is  impossible 
then  discusBion  in  writinc  may  be  sent  to  the  Editor,  American  Institute  of  Mininc  (Engineers.  29 
West  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arransement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1, 1916.  Any 
discussion  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Basic-Lined  Converter  in  the  Southwest 

BY  L.   O.   HOWARD,    GLQBEy   ARIZ. 
(Arisona  Meeting,  September,  1916) 

What  was  perhaps  the  first  attempt  at  basic  converting  in  the  South- 
west was  made  by  the  late  Charles  F.  Shelby  at  Cananea  early  in  1907, 
when  he  removed  the  acid  lining  from  one  of  the  8  by  12-ft.  barrel-type 
converters  then  in  use  at  the  reduction  works  of  the  Cananea  ConsoUdated 
Copper  Co.  and  substituted  a  lining  of  one  course  of  magnesite  brick. 
In  this  shell,  he  blew  21  taps  (about  180  tons)  of  matte  to  white  metal 
before  the  brick  gave  out  along  the  tuydre  Une.  In  every  case,  the  white 
metal  so  made  was  transferred  and  blown  to  copper  in  other  converters. 
The  cost  of  the  lining  was  $700  and  Mr.  Shelby  gave  up  the  experiment  as 
impracticable.  No  further  serious  effort  to  bessemerize  copper  mattes 
in  a  vessel  having  a  more  or  less  permanent  lining  of  basic  brick  was  made 
by  any  of  the  large  copper  smelters  in  the  Southwest  until  some  months 
after  Messrs.  Peirce  and  Smith  had  brought  the  question  permanently 
before  the  pubHc,  and  had  proved  it  to  be  a  metallurgical  and  financial 
success  by  their  work  at  Baltimore  and  Garfield. 

Early  in  1911,  the  Cananea  ConsoUdated  Copper  Co.  had  in  operation 
at  its  reduction  works  at  Cananea,  Mex.,  several  8  by  12-ft.  barrel-type 
converters  lined  with  magnesite  brick  which  had  previously  been  operat- 
ing with  acid  Unings.  In .  the  18  months  following,  these  converters 
produced  50,000  tons  of  copper.  In  June,  1912,  this  company  installed 
the  first  of  its  new  equipment  of  six  stands  of  electrically  operated  12-ft. 
Great  Falls  type  converters,  and  shortly  afterward  discontinued  the  use 
of  the  smaller  shells. 

In  September,  1911,  the  ConsoUdated  Kansas  City  Smelting  & 
Refining  Co.  had  instaUed  at  its  El  Paso  plant  two  10  by  26-ft.  Peirce- 
Smith  converters.  Later,  in  March,  1913,  one  standard  Great  FaUs 
type  converter  was  added. 

About  the  time  the  Peirce-Smith  converters  were  going  in  at  El 
Paso,  the  Calumet  &  Arizona. Mining  Co.  was  experimenting  with  basic 
linings  in  7-ft.  by  10-ft.  6-in.  barrel  converters  at  its  plant  in  Douglas, 
Ariz.  These  efforts  were  sufficiently  successful  to  enable  the  plant  to 
handle  the  total  output  of  copper  in  these  smaU  shells  until  the  standard 
Great  Falls  converters  were  substituted  in  June,  1914. 
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During  the  year  1911,  the  Anaconda  Copper  Mining  Co.,  at  its  Great 
Falls  plant,  proved  the  worth  of  the  so-called  Great  Falls  converter. 
It  was  to  this  type,  now  being  recognized  as  standard,  that  the  Copper 
Queen  Consolidated  Mining  Co.  turned  when  it  was  decided  to  equip 
the  reduction  works  at  Douglas  with  basic-lined  converters.    In  April, 

1912,  the  first  of  these  shells  was  put  in  operation.  A  second  was  added 
during  the  following  month,  and  these  two  were  quickly  followed  by  six 
others. 

In  the  meantime,  the  Consolidated  Kansas  City  Smelting  &  Refining 
Co.  had  in  operation,  at  its  Hayden,  Ariz.,  plant,  two  10  by  26-ft.  Peirce- 
Smith  converters  and  later,  in  July,  1913,  added  one  standard  Great 
Falls  converter. 

The  Arizona  Copper  Co.  first  used  the  basic-lined  converter  in 
October,  1911,  at  its  old  plant  at  Clifton,  Ariz.  The  acid  lining  in  some 
of  the  small  converters  was  removed,  and  one  of  magnesite  brick  was  sub- 
stituted.    The  use  of  these  small  converters  was  continued  until  October, 

1913,  when  the  new  plant  with  its  equipment  of  three  stands  of  electrically 
operated  standard  Great  Falls  converters  was  put  in  operation. 

By  January,  1913,  the  Old  Dominion  Copper  Mining  &  Smelting 
Co.  at  Globe,  Ariz.,  had  installed  a  12-ft.  Great  Falls  type  converter. 
It  was  the  intention  to  handle  in  this  shell  the  total  output  of  copper, 
amoimting  to  possibly  36,000,000  lb.  yearly,  but  later,  to  insure  sufficient 
converting  capacity  in  case  of  accident  to  the  larger  shell,  two  of  the  old 
7-ft.  by  10-ft.  6-in.  acid  converters  were  lined  with  magnesite  brick. 
It  was  not  the  intention,  nor  has  it  been  the  practice,  to  use  these  small 
converters  unless  absolutely  necessary,  and  to  date  they  have  together 
turned  out  somewhat  less  than  1,500,000  lb.  of  copper. 

The  Detroit  Copper  Mining  Co.  at  Morenci,  Ariz.,  with  a  yearly  copper 
output  of  about  11,000  tons,  has  never  considered  it  advisable  to  adopt 
the  large  basic-lined  converter.  Instead,  the  7-ft.  by  10-ft.  6-in.  acid- 
lined  shells  have  been  relined  with  magnesite  brick  and  with  these  some 
remarkable  work  has  been  done,  despite  the  serious  difficulties  that  accom- 
pany the  bessemerizing  of  copper  mattes  in  such  small  basic-lined  vessels. 
A  record  of  over  3,100,000  lb.  of  copper  converted  with  one  lining,  before 
any  patching  of  the  brick  was  necessary,  has  been  made. 

The  Consolidated  Arizona  Smelting  Co.,  at  Humboldt,  Ariz.,  Ukewise 
has  continued  in  the  very  successful  use  of  the  small  basic-lined  converter, 
but  contemplates  the  purchase  of  a  large  unit  in  the  near  future. 

The  International  Smelting  Co.  at  Inspiration,  and  the  United  Verde 
Copper  Co.  at  Clarkdale,  Ariz.,  have  installed  the  standard  Great  Falls 
electrically  operated  converters  in  their  new  plants,  both  of  which  were 
put  in  operation  during  1915.  Unfortunately,  owing  to  the  newness  of 
the  latter  plant  and  the  fact  that  a  proper  working  basis  had  not  yet  been 
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arrived  at,  it  was  impossible  to  obtain  any  figures  covering  the  converting 
operations. 

There  is  no  question  about  the  superiority  of  basic  over  acid  linings  or, 
where  the  output  of  copper  is  sufficiently  large  to  insure  efficient  operat- 
ing, of  the  standard  type  over  the  smaller  basic-lined  converter.  The 
inabiUty  properly  to  control  the  temperature  of  the  charge  in  the  small 
vessel,  and  the  resulting  destruction  of  the  brick  lining,  are  the  most 
serious  difficulties  with  which  the  operator  using  a  small  basic-Hned  con- 
verter has  to  contend.  Throughout  the  Southwest,  the  preference  has 
been  for  the  standard  upright  rather  than  for  the  horizontal  converter. 
The  greater  flexibiUty  of  the  former,  and  the  greater  ease  with  which 
repairs  may  be  made,  strongly  recommend  it. 

The  operating  data  in  Table  1  will  give  an  idea  of  the  working  con- 
ditions and  the  results  obtained  at  some  of  the  large  smelting  plants  in 
the  Southwest.  It  is  to  be  regretted  that  replies  to  questions  pertaining 
to  power  consumption  were  at  such  variance  that  it  was  thought  best  to 
omit  them  entirely,  as  no  reconciliation  seemed  possible. 

Table  2. — Old  Dominion  Copper  Mining  &  Smelting  Co. 

Campaign  of  basic-lined  converter  No.  2. 

Put  in  operation June  27,  1913 

Removed  for  initial  patching Dec.  7,  1915 

Total  hours  blowing 13,734 

Total  number  blows  made 3,288 

Average  time  of  blow 4  hr.  11  min. 

Total  number  taps  matte 9,316 

Total  tons  matte  charged 85,578 

Average  weight  of  matte  per  charge 26  tons 

Average  copper  content  of  matte 43.37  per  cent. 

Total  tons  bullion  produced 35,431 

Average  time  to  blow  one  ton  copper 23.2  min. 

Average  tons  copper  per  blow 10.80 

Average  blast  pressure 13.2  lb. 

Average  air  used  to  blow  one  ton  copper 178,411  cu.  ft. 

Average  air  used  per  minute 7,691  cu.  ft. 

Average  air  used  per  ton  iron  slagged 242,502  cu.  ft. 

Total  ore  fed 17,097  tons 

Tons  ore  fed  per  ton  matte  blown 0.200 

Magnesite  brick  used  for  repairs None 

Average  Slag  Analysis  Average  Matte  Analysis 

Per  Cent.  Per  Cent. 

Cu 2.1  Cu 43.37 

SiOj 21 .7  Fe 29.2 

Fe 52.2  S 23.5 

CaO 1.1 


AljOs 3.0 

S 1.8 
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Separate  operating  data  for  the  Peirce-Smith  and  Great  Falls  con- 
verters at  El  Paso  could  not  be  obtained,  so  the  figures  in  column  7  are 
a  combination  of  results  obtained  in  these  different  types.  The  figures 
in  columns  9  and  10  are  for  former  acid-lined  shells  now  operating  with 
a  lining  of  magnesite  brick.  All  figures  are  for  periods  of  1  month  or 
more.  Those  in  colunm  5  are  for  the  year  1915.  The  data  in  column  2 
cover  a  period  of  29  months'  operation — ^the  life  of  one  original  lining  to 
the  time  of  first  patching.  Although  some  of  the  figures  in  Table  2  have 
already  been  given^  this  more  complete  summary  of  the  campaign  may 
prove  of  interest. 

I  am  greatly  indebted  to  the  managers  and  superintendents  of  the 
different  properties  who  so  graciously  and  promptly  furnished  me  with 
the  necessary  information  for  this  article,  and  take  this  opportunity  to 
thank  them. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[SIJBJECT  TO  BBVIBIONI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Ariaona  meetinfu  September,  1916,  when  an  abstraot  of  the  paper  will  be  read.  If  this  is  impossible, 
then  disenasSon  m  wntinx  may  be  sent  to  the  Editor,  Amerioan  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Seoretary  or  other  representative  of  its  author. 
Unless  apeolal  arrangement  is  made,  the  disoussion  of  this  paper  will  close  Not.  1, 1910.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Mine-Fire  Methods  Employed  by  the  United  Verde  Copper  Co. 

BY  ROBERT  E.   TALLY,*  B.  S.|   JEROME,    ARIZ. 
(Arisona  Meeting,  September,  1916) 

Underground  fires  have  been  common  in  the  mines  of  the  United 
Verde  Copper  Co.  for  the  past  22  years.  The  first  fire  started  in  the  300 
Hampton  stope  in  the  fall  of  1894,  following  a  cave  in  that  orebody.  The 
soft  and  highly  pyxitic  nature  of  the  ores  is  responsible  for  most  of  these 
fires.  SiDce  ore  characteristics,  methods  of  mining  and  ventilation,  have 
an  important  influence  on  mine  fires,  they  will  be  described  in  this  paper. 

Orebodies 

The  ores  are  mostly  chalcopyrite  except  on  the  upper  levels  where 
considerable  chalcocite,  black  oxides  and  other  secondary  minerals  occur. 
The  orebodies  are  in  the  form  of  lenses  and  vary  in  size.  Some  are  small, 
while  others  are  several  hundred  feet  in  length  by  a  hundred  or  more  feet 
in  width.  These  orebodies  extend,  in  some  cases,  from  the  surface  to  the 
lowest  levels  of  the  mine  and  usually  at  a  steep  angle  of  inclination. 

There  are  three  different  classes  of  ores,  classified  in  accordance  with 
the  gangue  rock.  The  copper  in  all  cases,  except  as  above  specified,  is 
in  the  form  of  chalcop3rrite.  The  largest  and  most  important  of  these 
reserves  are  in  a  pyrite  gangue.  Next  in  order  of  importance  are  the 
schist  ores  and  lastly  the  quartz  porphyries.  The  pyrite,  locally  termed 
iron  ores,  average  from  30  to  42  per  cent,  sulphur.  The  schist  and  quartz 
porphyries  vary  from  3  to  25  per  cent,  sulphur. 

Mining  Methods 

All  the  orebodies  were  worked  by  the  overhand  squarenaet  method  of 
mining  prior  to  1908;  since  then  the  cut-and-fill,  shrinkage  and  mill-hole 
systems  have  been  largely  employed. 

But  15  per  cent,  of  the  total  tonnage  now  extracted  is  from  timbered 
slopes.  Most  of  this  is  from  the  upper  levels  where  the  ore  is  soft,  heavy 
and  more  or  less  broken  to  the  surface.  Large  reserves  of  these  ores  are 
being  conserved  for  more  efficient  methods  of  mining. 

.  *  Superintendent  of  Mines,  United  Verde  Copper  Co. 
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There  was  no  choice  in  the  past  with  reference  to  the  methods  of 
working  the  upper  levels  because  the  smelting  plant  and  other  surface 
buildings  were  directly  over  the  orebodies.  Only  such  places  were  worked 
as  were  considered  necessary  and  by  methods  which  caused  as  little  set- 
tUng  as  possible.  In  most  of  these  places  it  was  necessary  to  use  spiling 
and  to  fill  to  the  roof.  Bulkheads  were  used  on  the  levels  to  retain  the 
gangways  and  were  carried  up  through  the  stopes  for  ore  chutes. 

Top  sUcing  could  not  be  used  on  account  of  surface  settling  and  be- 
cause this  method  is  unfavorable,  in  heavy  sulphide  orebodies,  for  the 
control  of  mine  fires. 

The  smelting  plant  and  other  surface  interferences  have  now  been 
removed  and  it  is  planned  to  start  steam-shovel  work  in  the  near  future. 

History  of  United  Verde  Fires 

The  first  fire  of  1894  was  caused  by  spontaneous  combustion,  following 
a  cave.  It  was^  not  extinguished  and  the  district  was  bulkheaded  from 
the  remainder  of  the  mine.  The  soft  and  broken  nature  of  the  ground 
in  this  district  was  such  that  the  smoke  and  gas  worked  its  way  over  the 
orebody  on  the  several  different  levels  and  cut  off  a  large  productive  area 
of  high-grade  ore. 

Later,  another  serious  fire  occurred  in  the  Chrome  or  quartz- 
porphyry  orebodies,  which  extended  over  a  large  area  and  cut  oflF  produc- 
tion from  this  district. 

A  third  fire  followed,  cutting  oflf  the  middle  district  which  lies  between 
the  Chromes  and  Hamptons.  Many  smaller  fires  occurred  in  the  mean- 
time, which  were  extinguished.  There  has  never  been  a  serious  fire  in 
the  schist  orebodies  which  join  the  Hamptons  on  the  south,  yet  there  is 
always  danger  in  that  or  any  other  heavily  timbered  district,  where  the 
ore  carries  any  appreciable  amount  of  sulphur. 

Fire  Stopes 

Many  attempts  were  made  to  extinguish  these  fires  and  recover  the 
large  reserves  of  high-grade  ore.  The  districts  were  first  flooded  with 
water  but,  owing  to  the  large  area  involved  and  the  soft,  broken-up  condi- 
tion of  the  ground,  this  method  was  a  failure.  Sufficient  air  always 
found  its  way  through  fractures  to  feed  the  fire. 

The  next  attempt  to  extinguish  the  fire  was  by  COi  gas.  A  gas- 
generating  plant  was  installed,  pipe  lines  were  laid  and  large  volumes  of 
gas  were  forced  into  the  district,  but  without  effect.  Steam  was  then 
tried  and  was  Ukewise  a  failure.  Water,  steam  or  COi  gas  will  readily 
extinguish  a  fire  if  the  district  in  which  the  fire  occurs  can  be  tightly  sealed 
up  and  the  extinguishing  agent  brought  into  contact  with  the  fire  in 
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suflBcient  quantities.     Fractures  to  the  surface  and  underground  workings 
outside  the  fire  district  made  an  impossible  condition  to  seal  up. 

In  1905,  the  Plenum  system  was  tried  on  this  district  with  success. 
Actual  combustion  was  extinguished  and  the  latent  heat  reduced  to  a 
temperature  of  about  120**.     This  work  was  planned  and  directed  by 


upcast  from  all  floors 
'6i  stope  to  surface 


Fia.  1. — Plan  of  Fire  Stopbs  on  300  Level  Showing  Method  op  Ventilation. 


Joseph  J.  Shaw,  a  mining  engineer  from  the  Mountain  Copper  Co.  of 
Keswick,  Cal.,  where  this  system  was  successfully  used.  It  has  been 
used  here  continually  since  its  inception  and  consists  in  forcing  the  air 
under  a  pressure,  varying  from  2  to  5  lb.,  into  the  fire  district.  The  air 
pressure  varies  in  accordance  with  the  gas  pressure  and  must  be  sufficient 
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to  keep  back  the  gas  and  to  cool  the  ground,  so  that  work  can  be  accom- 
plished. 

TV]ien  a  bulkhead,  in  a  connection  leading  to  a  fire  stope,  is  opened 
there  is  invariably  an  outward  pressure  and  rush  of  gas  or  smoke,  which 
must  be  overcome.  The  Plenum  system  consists  in  forcing  the  air  against 
this  gas  at  a  pressure  slightly  greater  than  that  of  the  gas. 

Fig.  1  shows  a  large  fire  stope  on  the  300  level,  with  doors  for  con- 
trolling the  pressure,  and  the  method  of  ventilation.  The  air  is  furnished 
from  the  adit  and  forced  under  pressure  into  the  fire  district.  All  chutes 
and  manways  are  upcast,  and  the  spent  air  and  gases  outlet  to  the  aii 
raise  through  connections  on  the  different  floors. 

The  installation  used  with  this  system  consists  of  a  No.  8  double-inlet 
Sirocco  fan,  direct-connected  to  a  50-hp.  variable-speed  General  Electric 
motor;  also  the  necessary  airways,  doors,  etc.  The  air  from  the  fan  must 
be  under  perfect  control  in  order  to  regulate  the  gas.  This  is  accom- 
plished by  doors,  as  shown  in  Fig.  2. 


Fig.  2. — Sketch  of  Fan  Station. 

An  airway  about  3  ft.  square  and  from  50  to  200  ft.  long  is  connected 
to  the  outlet  of  the  fan.  Doors  are  placed  in  the  tunnel  at  both  ends  ol 
this  airway.  These  doors  prevent  the  fan  from  drawing  its  own  air,  foi 
when  one  door  is  open  the  other  must  be  closed.  All  workings  between 
the  fan  and  the  fire  district  must  be  closed  off  by  doors;  otherwise  the  aii 
pressure  will  be  reduced  and  trouble  result  from  gas.  Two  doors  arc 
always  used  so  that  one  will  remain  closed  when  the  other  is  open.  Foi 
electric  haulage  these  doors  should  be  from  100  to  200  ft.  apart.  The 
doors  are  made  of  2-in.  grooved  lumber,  and  concrete  frames.  The  air- 
ways are  made  of  lumber  or  concrete. 

With  a  variable-speed  motor  and  the  proper  system  of  doors,  it  is  an 
easy  matter  to  increase  or  diminish  the  air  pressure  in  order  to  meet  an^ 
new  conditions  within  the  fire  district. 

When  the  bulkheads  to  this  district  were  first  opened,  the  ground  was 
red  hot.  The  roof  and  walls,  where  opened,  were  aglow.  All  timber  wa^ 
burned  and  the  soft  sulphides,  where  exposed,  were  burning.  The  con- 
tinual blowing  of  air  on  this  hot  mass  gradually  cooled  it,  so  that  withii 
a  few  weeks  the  actual  extraction  of  ore  was  under  way. 

The  timber  often  took  fire  before  it  was  blocked,  making  it  necessary 
to  keep  it  well  sprinkled  with  water.    The  air  reduced  the  temperatun 
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from  1,200*^  F.  to  120"^  F.  in  about  6  weeks.  The  conditions  gradually 
improved  until  the  average  temperature  in  the  fire  stopes  was  100**  F. 
During  recent  years  a  system  of  ventilation  has  been  introduced  whereby 
the  temperature  has  been  reduced  to  about  75**,  except  in  places  that  are 
above  the  Une  of  ventilation. 

Formerly  the  air  was  forced  into  these  stopes  and  found  an  outlet 
through  fractures  into  the  other  workings  and  to  the  surface,  with  the 
result  that  none  of  the  upper  levels  were  free  from  gas. 

A  system  of  air  raises  was  driven  in  the  foot  wall  to  the  surface  and 
connections  from  these  raises  to  the  stopes  were  made  at  different  eleva- 
tions. Doors  were  placed  in  these  connections  and  the  air  outlet  thereby 
controlled.  If  an  outlet  is  too  free,  it  will  not  only  release  the  pressure 
and  cause  gas,  but,  by  suction,  will  also  cause  fire.  These  raises  were 
driven  in  ground  that  did  not  require  timbering.  Cast-iron  sets  were 
used  where  necessary  in  the  connections  from  the  raises  to  the  stopes. 
Timber  should  be  avoided  if  possible  iA  airways,  since  there  is  a  constant 
danger  of  fire  in  these  places. 

These  stopes  have  now  been  opened  for  11  years  and  fire  occurs  on  an 
average  of  about  once  a  month  in  a  rather  extensive  area  of  old  timbered 
workings.  It  is  therefore  important  to  have  an  efficient  fire-fighting 
organization  and  to  have  good  control  of  the  ventilation.  This  is  an 
important  factor  in  connection  with  mine  fires.  In  the  first  place,  every 
preventive  measure  must  be  used,  and,  in  the  second,  the  ventilation 
must  be  under  absolute  control  in  order  tp  extinguish  the  fire. 

An  excess  of  air  increases  the  flames  in  the  same  manner  that  an  open 
draft  increases  the  fire  in  a  stove  or  furnace.  Air  must  be  furnished  only 
in  sufficient  quantities  to  carry  away  the  smoke  so  that  the  firemen  can 
get  at  the  fire.  Where  the  smoke  is  thick  it  is  impossible,  even  with  hel- 
mets, to  handle  the  fire  satisfactorily.  Many  unsatisfactory  results  in 
connection  with  mine  fires  are  due  to  these  causes. 

Causes  of  Mine  Fires 

Probably  90  per  cent,  of  all  underground  fires  in  pyrite  or  heavy  sul- 
phide ores  are  caused  by  spontaneous  combustion.  In  the  fire  district 
of  this  mine,  many  fires  are  due  to  red-hot  dust  dropping  on  the  timbers, 
from  fractures  in  ground  above.  Some  fires  are  from  friction  due  to 
caving,  some  from  defective  electric  wires  or  cables;  others  from  burning 
powder  in  contact  with  timber,  and  a  certain  number  from  incendiarism 
and  carelessness  with  candles,  lamps,  etc. 

Fires  from  spontaneous  combustion  usually  occur  in  the  interior  of  a 
gob  or  filled  stope  and  are  due  to  the  oxidization  of  fine  sulphides  in  con- 
tact with  timber.  Very  small  amounts  of  air  are  necessary  for  spontane- 
ous combustion  and  this  air  works  its  way  through  the  filling  along  the 
Une  of  bulkheads,  timber  or  walls,  where  it  comes  into  contact  with  sul- 
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phide  dust.  In  the  process  of  oxidization  this  produces  sufficient  heat 
to  start  a  fire.  This  theory  has  been  proven  here  by  experiments. 
Heavy  sulphides  should  not  be  used  for  filling  in  timbered  stopes.  Con- 
siderable fine  sulphide  ore  is  lost  in  the  fire  stopes  or  in  any  other  heavy 
ground  where  the  square-set  method  of  mining  is  used  and  where  the  floors 
are  kept  filled  to  the  roof. 

Prevention  of  Mine  Fires 

Careful  consideration  should  be  given  toward  making  heavy  sulphide 
mines  as  fireproof  as  economy  will  permit. 

Main  hoisting  shafts  in  such  properties  should  be  constructed  of  con- 
crete or  other  fireproof  material.  Where  timber  is  used,  a  sprinkling 
system  should  be  installed. 

Mine  methods  should  be  developed  in  which  timber  will  be  eliminated 
as  far  as  possible. 

Heavy  sulphide  material  should  not  be  used  for  filUng  in  the  timbered 
stopes.  In  these  places  fine  waste  should  be  used  and  sprinkled  so  that 
it  will  pack  and  make  conditions  unfavorable  for  fire. 

In  fire  stopes  or  stopes  adjacent  to  the  fire  district,  the  timber  next 
to  the  walls  or  ends  should  be  removed. 

Careful  attention  should  be  directed  toward  ventilation,  so  that  the 
temperature  will  be  unfavorable  for  fires  to  start. 

In  hot  places  the  timber  should  be  kept  damp  by  sprinkling  with 
water.  Water  should  never  be  put  on  red-hot  or  burning  ground,  as 
this  will  invariable  cause  an  explosion,  one  of  the  great  dangers  in 
handling  mine  fires.- 

Water  and  air  lines,  hose  and  hose  connections  and  all  tools  used  in 
connection  with  mine  fires  should  be  kept  convenient  and  in  good  working 
condition  where  fire  is  liable  to  occur. 

Helmets,  pulmotors  or  lungmotors,  electric  lamps  and  supplies  should 
be  kept  in  stock  in  sufficient  quantities  and  convenient  for  immediate  use. 

Carefully  selected  men  should  be  trained  in  the  use  of  the  helmets  and 
resuscitating  machines,  and  in  the  methods  of  fighting  fires.  The  average 
man,  unless  specially  trained,  is  useless  in  fighting  fires.  The  foremen, 
shift  bosses,  electricians,  pumpmen,  watchmen  and  selected  miners  work- 
ing in  different  places  which  are  subject  to  fires  should  familiarize  them- 
selves with  all  things  appertaining  to  the  ventilation,  and  should  know 
just  what  to  do  if  fire  occurs  in  their  respective  places.  Rules  to  this 
effect  should  be  printed,  distributed,  and  understood  by  all  concerned. 

Watchmen  should  inspect  the  air  outlets  often  and  regularly  in  order 
to  detect  smoke  as  soon  as  possible. 

Iron  fire  doors  should  be  erected  in  connections  near  all  timbereid 
stopes,  so  that  in  case  a  fire  gets  beyond  control  the  doors  can  be  closed 
and  the  district  quickly  sealed  up,  in  order  to  protect  the  remainder  of 
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the  mine.    Similar  doors  should  also  be  erected  near  timbered  shafts,  air- 
ways, etc.,  for  protection  against  fires. 

A  fire  signal  should  be  in  use  at  all  mines  and  understood  by  all  em- 
ployees. A  practice  signal  should  be  given  occasionally.  The  following 
fire  signal  is  in  use  here: 

"In  case  of  fire,  ling  nine  beUs  on  the  electric  cage  call  signal.  The  engineer  on 
receiving  these  bells  will  flash  all  electric  light  throughout  the  mine,  nine  times.  This 
flssh  will  be  repeated  three  times  and  followed  by  flashing  the  station  signal  on  which 
level  the  fire  is,  three  different  times.  Carmen  and  all  others  working  where  there  are 
electric  lights  will  notify  those  employed  in  stopes  and  other  places  where  there  are 
no  lights.  The  trained  firemen  on  the  various  levels  will  then  take  charge  of  the 
ataation.  Their  first  consideration  will  be  for  the  safety  of  the  men  and  then  for 
the  extinguishing  of  the  fire  and  protection  of  property." 

When  a  fire  occurs  in  the  fire  district  no  signal  is  given,  for  the  system 
there  is  such  that  the  fire  can  be  easily  confined  without  danger  from 
smoke  or  gas  to  the  other  parts  of  the  mine. 

When  fire  occurs  in  any  other  part  of  the  mine,  the  signal  is  given  and 
all  men  working  where  there  is  danger  from  suffocation  are  instructed  to 
go  to  the  surface  or  other  places  of  safety.  The  next  step  is  to  get  water 
on  or  over  the  fire  as  quickly  as  possible.  When  the  fire  is  in  the  interior 
of  the  gob,  it  is  sometimes  necessary  to  drift  from  a  chute  or  manway 
through  the  filling  in  order  to  get  at  it.  Often,  however,  the  fire  can  be 
extinguished  by*  water  from  above.  This  is  usually  accomplished  by 
driving  holes  in  the  filling  with  a  pinch  bar  and  turning  water  into  these 
holes.  For  this  work,  hose  nozzles  made  of  1-in.  pipe  with  about  a  ^-in. 
hole  are  used.  By  this  method,  water  can  be  scattered  all  over  the  stope. 
It  will  keep  the  fire  from  spreading  and  usually  extinguish  it. 

In  case  a  fire  gets  beyond  control,  the  fire  doors  should  be  immediately 
closed,  after  which  concrete  bulkheads  should  be  erected.  It  is  some- 
times possible  to  extinguish  a  fire  in  a  sealed-up  stope  by  water,  through 
a  diamond  or  churn  drill  hole.  In  sidphide  stopes,  however,  it  is  usually 
necessary  to  bum  the  timber  before  the  stope  can  be  recovered.  A  fire, 
when  apparently  extinguished,  may  start  again  when  the  bulkheads  are 
opened,  unless  the  timber  is  consumed. 

At  the  present  time  one  large  fire  district  here  is  being  experimented 
with  along  these  lines  and  with  apparent  success.  Air  in  small  amounts 
is  gradually  forced  into  the  stopes  to  bum  the  timber.  This  causes  the 
filling  to  settle,  and,  to  avoid  caving,  more  waste  is  put  in  from  above. 

Ventilation 

Ventilation  has  received  considerable  attention  here  during  the  past 
10  years,  not  only  in  the  fire  district  but  throughout  the  entire  mine. 
Sulphide  mines  are  naturally  warm  and  disagreeable  unless  ventilated. 
Natural  ventilation  is  used  where  possible;  otherwise,  fans  are  used  to 
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blow  the  air  where  it  is  required.  The  ventilation  of  the  fire  stopes  inter- 
feres with  the  remainder  of  the  mine,  since  the  air  is  taken  from  its  natural 
source  and  forced  into  the  fire  district.  Artificial  ventilation  is  used  for 
the  middle  and  lower  levels. 

Fig.  3  is  a  plan  of  one  level  showing  the  location  of  the  fan  and  the 
method  of  ventilation.     All  levels  are  connected  to  the  air  raise. 

Fig.  4  is  an  ideal  vertical  section  of  the  orebodies,  showing  the  direc- 
tion of  the  air  currents,  and  the  methods  of  ventilation. 


Fig.  3. — Plan  Showing  Location  of  Fan  and  the  Method  op  Ventilation. 

Fans  are  installed  in  suitable  places  where  they  can  draw  air  from  the 
outside  and  force  it  into  the  different  workings,  thence  to  the  air  raises 
to  the  surface.  The  same  airways  and  doors  are  used  as  for  the  fire  dis- 
trict, except  that  no  particular  pressure  is  maintained,  the  air  having  as 
free  an  outlet  as  possible  to  the  surface.  The  ventilation  for  any  particu- 
lar place  or  section  is  regulated  and  controlled  by  doors.  For  the  propei 
ventilation  of  stopes,  the  air  should  have  an  inlet  at  one  end  and  an  outlet 
at  the  other.     Most  air  is  forced  into  the  main  working  places  and  only  a 
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sufficient  amount  is  sent  to  the  old  workings  to  preserve  the  timber  and 
make  conditions  unfavorable  for  fire. 

The  maximum  temperature  in  the  middle  and  lower  levels  is  80°F. 
It  varies  from  60  to  80®  F.  and  averages  about  72°,  with  small  amounts 
of  humidity. 


JL- 


FiG.  4. — Vbrtical  Section  Showing  Ventilating  System  of  Uniteij  Verde 

Mine,  Jerome,  Ariz. 

Condv^ons 

For  handling  mine  fires  satisfactorily,  the  Plenum  system  as  employed 
here  has  been  a  marked  success,  but  the  mining  methods  in  connection 
therewith  are  necessarily  expensive  and  inefficient. 

Mine  fires  are  the  most  disagreeable  and  dangerous  conditions  that 
are  encountered  in  metal  mining  and  every  possible  precaution  should  be 
exercised  to  prevent  them.  In  addition  to  preventive  measures,  there 
should  be  carefully  trained  firemen  who  thoroughly  understand  how  to 
control  and  extinguish  fires.  oig.i.ed  by  Google 
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TRANSACTIONS  OF  THB  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS^ 
[STJBJBCT  TO  BBVIBIOy] 


DISCUSSIONOF  THIS  PAPER  IS  INVITED.    U  ■houM  pnfmkbly  be  pMMnted  In  penon  M  the 

abetraoi  of  the  paper  wiUbereMt    If  this  ie  impoerible, 

jitinf  may  be  eent  to  the  Editor,  AmeiioMi  Inatitute  of  Mining  Engineera,  20  West 

39th  Street.  New  York,  K.  Y.,  for  preeentation  by  the  Seeretary  or  other  repreeentative  of  its  author. 


Ariiona  meeUnc,  September,  1916,  when  an ^--'— .- . 

disouadon  in  wiitinf  may  be  eent  to  the  Editor,  Ameiioan  Institute  of  Mining  Engineers,  20  West 
.. .  Street,  New  York,  K.  Y.,  for  presentation  by  the  Seeretary  or  other  repreeentative  of  its  author. 
Untesi  speelal  arrangement  is  made,  the  diseussion  of  this  paper  will  elose  Not.  1, 1010.  Any  disoussioa 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Cyaniding  Clayey  Ore  at  die  Buckhom  Gold  Mine 

BT  PAUL  R.   COOK,*  B.  S.,   GUATAQITIL,   ECUADOR 
(Arisona  Meeting,  September,  1016) 

The  ore  deposit  of  the  Buckhom  Mines  Co.,  Buckhorn,  Nev.,  is 
peculiar  in  being  a  shallow  kaolinized  mass  of  material  with  basalt 
walls,  and  having  apparently  no  direct  connection  with  any  of  the  usual 
gold-bearing  rocks.  The  average  ore  contains  16  per  cent,  water  of 
hydration,  and  the  cyaniding  of  this  hydrous  clayey  material  offered 
unusual  diflSiculties  as  compared  with  the  typical  gold  quartz  ores  of 
Nevada. 

The  orebody  was  thoroughly  developed;  then  the  mill  was  built 
according  to  the  latest  cyanide  practice,  with  such  changes  as  were 
thought  to  be  demanded  by  the  pecuUar  nature  of  this  ore. 

Upon  starting  the  mill,  the  ore  proved  more  difficult  to  handle  than 
had  been  anticipated.  It  is  hoped  that  an  account  of  how  these  difficul- 
ties were  met  may  prove  of  interest  to  anyone  having  a  clayey  ore  to 
handle  and  to  the  profession  in  general. 

Geology 

The  Buckhorn  orebody  lies  along  a  north  and  south  fault  plane  of 
perhaps  1,000  ft.  dislocation,  that  can  be  traced  for  miles;  but  the  only 
other  known  mineralization  consists  of  similar  ore  in  the  Murphy  mine, 
a  mile  farther  north. 

The  east  or  hanging  wall  is  hard  and  smooth,  being  a  typical  fault 
plane.  The  best  ore  is  along  this  wall,  gradually  grading  down  toward 
the  west  until  at  30  to  60  ft.  it  is  too  low-grade  to  mine.  The  country  rock 
on  the  west  consists  of  alternating  layers  of  hard  and  soft  basalt  and  basalt 
scoria,  pitching  toward  the  mine. 

One  of  these  basalt  layers  on  the  hillside  a  little  above  the  mine  is 
marked,  for  3  or  4  miles  in  length,  by  a  line  of  springs  which  seep  out  along 
it.  Perhaps  the  meeting  of  the  surface  drainage,  passing  down  these 
basalt  layers,  with  the  fault-plane  solutions  explains  the  formation  of  the 
Buckhom  orebody. 

*With  Buckhom  mines  during  the  first  year  of  mill  operation  (December,  1913, 
to  December,  1914). 
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Beneath  the  oxide  ore  a  smaller  body  of  almost  pure  marcasite  occurs 
with  about  the  same  assay  value  ($8  per  ton).  Beneath  the  250-ft.  level 
there  appears  to  be  no  further  mineralization. 


Mining 

The  first  difficulty  was  to  get  the  ore  out  of  the  mine.  Since  the  orebody 
extended  from  the  grass  roots  to  a  depth  of  175  ft.,  with  a  width  of  50  to  80  ft. 
and  a  length  of  1,400  ft.,  the  "glory-hole"  system  of  mining  was  adopted. 
The  ore  was  broken  through  8-in.  grizzlies  into  18  chutes  extending  from 
the  surface  to  an  intermediate  level,  on  which  it  was  trammed  by  hand 
to  three  chutes  leading  to  the  200-ft.  level,  and  hauled  by  electric  motors 
through  a  1,000-ft.  tunnel  to  the  mill. 


Fig.  1. — Section  through  Orb  Chute. 

In  the  summer  little  trouble  was  experienced;  but  the  ordinary 
rain  and  snowfall  of  a  Nevada  winter  made  it  almost  impossible  to  keep 
the  chutes  open,  as  first  built.  After  reconstructing,  so  as  to  provide  at 
opening  for  barring  at  each  set  of  timbers  (see  Fig.  1),  it  became  possible 
to  keep  the  mill  supplied  with  ore  during  all  kinds  of  weather.  During 
wet  weather  all  the  cars  had  to  be  scraped  with  a  shovel  after  dumping 
and  unusual  care  was  required  to  keep  a  sticky  load  from  carrying  car  anc 
all  into  ore  bin  or  over  the  dump;  30  per  cent,  of  the  tonnage  mined  weni 
to  the  waste  dump. 

Milling 

Ore  Bin  and  Crusher 

The  next  problem  was  to  get  the  ore  out  of  the  mill  bin  and  crushed 
The  bin  was  an  ordinary  circular  steel  bin,  with  natural  earth  bottom  anc 
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side  gate.  This  ore  absolutely  refused  to  run  from  the  bin.  The  mill  was 
built  to  treat  300  tons  a  day,  but  even  with  one  man  in  the  ore  bin,  and 
two  at  the  crusher,  it  was  impossible  to  get  over  150  tons  through  in  24 
hr.  The  large  kaoUn  lumps  gave  the  most  trouble  in  crushing.  They 
had  to  be  practically  chiseled  to  pieces  and  poked  through  the  jaw  crusher 
by  hand. 

The  replacement  of  the  jaw  crusher  wjith  a  high-speed  toothed 
roll  (see  Fig.  2)  gave  the  desired  crushing  capacity.  This  machine  was 
developed  at  one  of  the  Bingham  Canyon  (Utah)  properties,  and  is  manu- 
factured by-  a  Salt  Lake  firm.  It  is  well  adapted  for  sticky  ores.  The 
Buckhorn  ore  contains  an  occasional  "nigger  head"  of  very  hard  "mal- 
api"  or  basalt.  The  mill  crew  was  afraid  one  of  these  would  break  off  the 
teeth  of  the  crusher  shell,  and  they  were  very  carefully  picked  out  at  first. 


Fig.  2. — Section  throvgh  Wall  Crusher  Shells. 

but  after  a  few  had  gone  through  by  accident,  and  a  few  pieces  of  drill 
steely  etc.,  had  been  chopped  up,  no  further  concern  was  felt.  All  the 
boulders  that  had  been  sorted  out  were  later  put  through  as  it  was  found 
that  the  easiest  way  to  keep  the  teeth  free  of  adhering  clay,  was  occasion- 
ally to  throw  in  a  boulder  of  hard  rock. 

To  do  away  with  the  necessity  of  a  man  on  each  shift  to  shovel  the 
ore  out  of  the  bin,  a  36-in.  conveyor  belt  was  installed  to  feed  the  crusher 
automatically.  The  opening  in  the  bottom  of  the  bin,  over  the  belt,  was 
about  2  ft.  wide,  and  extended  clear  across  the  bin.  It  was  closed  by 
means  of  short  pieces  of  mine  rail  that  could  be  removed  a  few  at  a 
time,  permitting  the  ore  to  be  drawn  from  any  point  desired.  The 
belt  was  driven  from  the  crusher  line  shaft  by  means  of  ratchet  and 
dogs.  It  could  be  started  or  stopped,  from  either  floor  of  the  crusher 
building,  by  means  of  a  rope  connected  with  the  dogs.     With  these 
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improvements,  crushing  required  only  a  part  of  one  man's  time.  Two 
men  each  shift  attended  to  crusher,  rolls,  two  ball  mills,  two  classifiers 
and  two  tube  mills. 

Rolls 

The  45  by  15-in.  Anaconda-type  rolls  with  smooth  shells  would  clear 
themselves  fairly  well,  if  one  of  the  shells  had  a  channel  about  1  in.  wide  by 
J^  in.  deep  machined  in  it,  but  it  was  troublesome  to  keep  a  groove  in  the 
shells  as  they  wore  down.  A  corrugated  or  toothed  shell  would  have  been 
better  for  this  ore. 

Ball  Mills 

One  6-ft.  Hardinge  ball  mill  was  intended  to  handle  the  whole  tonnage. 
After  plastering  the  balls  to  the  side  of  the  mill  with  clay,  a  few  times,  the 
shiftmen  learned  to  tell  by  the  sound  of  the  mill,  when  it  was  beginning  to 
coat  up.  By  shutting  off  the  feed  at  this  time,  it  took  only  a  few 
minutes  for  the  coating  to  be  ground  out. 

The  installation  of  a  duplicate  ball  mill  made  it  possible  to  keep  the 
rest  of  the  plant  going  while  grindmg  out  the  ball  mills,  one  at  a  time, 
and  allowed  the  rolls  to  be  set  coarser  on  troublesome  ore.  With  a  good 
run  of  ore,  300  tons  per  day  was  sometimes  put  through  one  mill. 


Classificaiion  and  Tube  Milling 

This  ball  mill  discharge  was  classified  in  two  36-in.  Akins  classifiers,  the 
sand  from  which  was  fed  to  two  5  by  18-in.  tube  mills  with  Komata  liners. 
The  tube-mill  discharge  was  classified  in  a  home-made  drag  classifier. 
The  small  percentage  of  material  requiring  regrinding  consisted  largely  of 
fragments  of  the  basalt  "nigger  heads."  This  material  was  almost  as 
hard  as  the  pebbles  themselves  and  of  low  assay  value.  Occasionally 
it  accumulated  in  the  circuit  enough  to  be  troublesome  and  was  thrown 
away.  A  small  amount  of  it  was  thought  to  help  the  grinding.  About 
80  per  cent,  of  the  product  deUvered  to  the  treatment  plant  would  pass  a 
150-mesh  screen. 

Agitation 

About  80  per  cent,  of  the  mill-head  value  was  dissolved  in  the  crusher 
plant.  Only  a  trifling  additional  extraction  could  be  obtained  either  in 
the  mill  or  experimentally.  The  real  trouble  was  to  remove  the  dissolved 
value  from  the  clayey  pulp.  Accordingly  the  three  32  by  14-ft.  Dorr 
agitators  were  changed  to  thickeners. 
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Thickening 

These  three  "converted"  agitators  settled  300  tons  per  day  of  1  to 
10  pulp,  as  delivered  from  crushes  plant,  to  a  specific  gravity  of  1.15. 
The  8  sq.  ft.  of  settling  area  provided  per  ton  of  this  ore  settled  in  24  hr. 
would  be  sufficient  to  settle  an  average  Nevada  quartz  ore  to  a  specific 
gravity  of  1.33.  The  overfiow  was  precipitated,  and  the  underflow  mixed 
with  the  barren  solution  and  fed  to  six  36  by  12-ft.  Dorr  thickeners, 
delivering  a  1.23  specific  gravity  underflow  to  the  filters.  The  20  sq. 
ft.  of  settling  area  per  ton  settled  in  24  hr.  is  three  times  the  area 
required  to  settle  an  average  Nevada  quartz  ore  to  a  specific  gravity 
of  1.33.  Primary  thickeners  were  held  with  2  ft.  of  clear  solution;  the 
secondary  thickeners  with  6  in.  It  was  impossible  to  settle  the  raw 
Buckhom  ore  beyond  a  specific  gravity  of  1.26,  either  in  the  mill  or 
experimentally. 

Filtering 

The  maximum  capacity  of  each  of  the  four  14-ft.  diameter  by  12-ft. 
face  Oliver  filters  was  50  tons  per  day,  about  one-half  their  capacity  on  a 
Nevada  quartz  ore.  An  additional  filter,  14-ft.  diameter  by  24-ft.  face, 
had  to  be  installed  to  handle  300  tons  per  day. 

Dehydration 

A  sample  of  Buckhorn  ore  carefully  dried  at  a  temperature  below  110° 
C.  had  a  specific  gravity  of  1.9.  A  higher  temperature  gave  an  additional 
loss  of  16  per  cent,  in  weight,  and  entirely  changed  the  physical  properties 
of  the  ore.  The  dehydrated  sample  had  a  specific  gravity  of  2.4,  and 
settled  and  filtered  almost  as  well  as  a  quartz  ore.  Dehydrating  also 
removed  the  sticky  milling  qualities.  Both  samples,  however,  gave  the 
same  extraction  with  cyanide.  The  temperature  of  a  laboratory  electric 
hot  plate  was  sufficient  to  dehydrate  a  sample  nicely.  As  CO2,  etc.,  would 
not  be  driven  off  at  this  temperature,  this  loss  in  weight  must  be  due  to 
water  of  hydration. 

With  a  cheap  fuel  supply,  dehydration  before  milling  would  be  the  best 
treatment  for  this  class  of  material.  The  ore  would  mill  and  classify 
more  easily;  the  thickeners  and  filters  would  have  normal  capacity;  and 
dissolved  vaMes  would  be  more  completely  removed.  The  temperature 
of  a  commercial  drier  would  dehydrate  the  ore  with  about  the  same  fuel 
consumption  (100  lb.  of  coal  per  ton  of  ore)  as  in  removing  the  18  per 
cent,  of  H2O  if  it  existed  in  the  form  of  moisture. 

The  high  price  of  fuel  delivered  at  Buckhorn  prevented  the  adoption 
of  dehydration  at  this  mill.  The  ore  was  milled  raw  at  the  cost  of  $1.59 
per  ton  (see  Table  1),     Power  cost  $8  per  horsepower  per  month. 
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The  careful  drying  at  a  temperature  below  110®  G.  of  a  large  number  ol 
samples;  with  the  equipment  of  an  ordinary  cyanide  plant  assay  office, 
would  be  a  rather  tedious  operation;  so  the  regular  moisture  and  assay 
samples  at  Buckhorn  were  dehydrated.  All  assay,  moisture,  tonnage, 
etc.,  figures  are  on  this  basis. 

To  compare  with  other  ores  the  figures  obtained  by  drying  below  110° 
C.  should  be  used.  Both  sets  of  figures  are  given  in  Table  2.  Table 
3  shows  the  mill  flow  sheet. 

Table  1. — Buckhorn  Mining  and  Milling  Costs 
Ore  Milled,  10,000  Wet  Tons,  8,100  Dry  Tons,  H,0  19  Per  Cent. 

MiNINQ 

Ore  Breaking: 

Per  Ton 

Labor $0,259 

Supplies 0.098    $0,357 

Tramming  lOO-ft.  Level: 

Labor 0.044 

Supplies 0.002      0.046 

Timbering 0.013 

Electric  Haulage: 

Labor 0.084 

Supplies 0.006 

Power 0.022      0.112 

General  Expense: 

Surface  drainage 0.004    ' 

Haulage  tunnel  repairs 0.039  • 

Assaying  and  sampling 0 .  027 

Surveyor 0.011 

Superintendence 0.067 

Incidentals 0.024 

Development 0.083 

Overburden  and  waste 0. 174      0. 429 

Grand  Total $0,957 

Milling 

Crusher  and  Rolls  (Wall-toothed  Roll  and  45-in.  Roll) : 

Per  Ton 

Labor $0,057 

Supplies 0.003 

Power 0.034    $0,094 

Hardinge  Ball  MUls  (Two  6-ft.  Mills): 

Labor 0.050 

Supplies 0.026 

Power 0.076      0. 152 
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Elevating  arid  Separating  (Two  36-m.  Akins  Classifiers) : 

Labor 0.006 

Supplies 0.001 

Power r 0.002      0.009 

Tube  MiUing  (Two  5-ft.  by  18-ft.): 

Labor 0.011 

Supplies 0.049 

Power 0.092      0.152 

Agitation  (Three  32-ft.  by  4-ft.  Dorrs): 

Labor 0.028 

Supplies 0.006 

Power 0.027      0.061 

Chemicals: 

Cyanide 0.218 

Lime 0.293 

Lead  acetate 0.024      0.535 

Continiioua  Decantation  (Six  35-ft.  by  12-ft.  Dorrs) : 

Labor 0.004 

Power 0.017      0.021 

Filtering  and  Discliar ging  (Six  14-f  t.  by  12-ft.  Olivers) : 

Labor 0.062 

Supplies 0.045 

Power 0.088      0.195 

PrecipiuUion: 

Labor 0.025 

Supplies 0.067 

Power 0.019      0.  Ill 

Return  Pumping: 

Labor 0.009 

Power 0.012      0.021 

Refining: 

Labor 0.023 

Supplies 0.021 

Power 0.001       0.045 

Assaying  and  Sampling: 

Labor 0.018 

Supplies 0.008 '     0.026 

Superintendent  and  Foremen 0. 090 

Experiments 0.010 

General  Expense 0.043 

Water  Supply 0.021 

Grand  Total  MiUing $1 .586 

Grand  Total  Mining 0.957 

Grand  Total  Mining  and  MiUing $2 .  55 
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Table  2. — Milling  Data 


MINE 


Figures  Obtained  by 
Dehydrating  Samples 

Figures  Obtained  by 
Drying  Below  110«  C. 

Comparative 
Figure  for 

2.7  Speeifio 
Gravity 

Percent. 

2.4  Spedfio 
Gravity. 
Dry  Tons 

Moisture, 
Per  Cent. 

1.9  Specific 

GraVUy. 

Dry  Tons 

Ore  milled  per  month,  10.000  groflB 
tons 

19 

8,100 

4 

9.600 

2  per  oent.  HtO 

Ore  milled  per  day,  333  gross  tons. . 

19 

270 

4 

320    • 

2  per  oent.  HsO 

Ball  mill  discharge,  specific  grav- 
ity, 1.439 

48 

270 

36 

320 

Tube  mill  discharge,  specific  grav- 
ity, 1.394 

52 

234 

40 

279 

Spedfio    gravity, 
164;moiature.38 
percent. 

Akins  classifier,  sand  product 

38 

175 

25 

208 

Moisture,  24   per 

cent. 

Slime  to  treatment  plant,  specific 
irravitv.  1.045 

Ito 
11.6 

270 

Ito 
10 

320 

1  to  7.  specific 
gravity,  1.08 

Primary      thickeners      underflow, 
specific  gravity,   1.15;  settling 
area   8  so   ft  oer  ton 

1  to  3.5 

270 

1  to  2.57 

320 

1  to  2,    specific 
gravity,  1.26  or 
better. 

Secondary    thickener    underflow, 
specific  gravity,    1.23;    settling 
area,  20  aq.  ft.  per  ton 

1  to  2.1 

270 

1  to  1.5 

320 

1  to  1,    specific 
gravity,  1.46  or 
better. 

FiliAT  cAke              

43 

270 

30 

320 

Moisture,  29  per 
oent. 
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Table  3.— Flow  Sheet. 
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2  36-in.  Akina  Claaaifiera 
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Slune 
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Underflow 
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2-5  by  18  ft.  Tube  Mills 

I 
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TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  rbvisionI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ahould  preferably  be  preeented  in  peraon  at  the 
Arisona  meetiiis,  September,  1916,  when  an  abatraot  of  the  paper  will  be  read.  If  thia  la  impoanble, 
then  dieeaflaaonin  writing  may  be  aent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  Weat 
39di  Street,  New  York,  N.  Y.,  for  preaentation  by  the  Secretary  or  other  repreaenUtive  of  ita  author. 
UnlasB  apeoal  arrangement  ia  made,  the  diacuaaion  of  thia  paper  will  doae  Nov.  1, 1916.  Any  diacuaaion 
offered  thereafter  ahould  preferably  be  in  the  form  of  a  new  paper. 


Possibilities  in  tiie  Wet  Treatment  of  Copper  Concentrates 

BT  LAWRENCE   ADDICKS,*  B.   S.,   NEW  TOBK,    N.  T. 
(Arisona  Meeting,  September,  1916) 

At  the  San  Francisco  meeting  of  the  Institute  last  year,  I  presented, 
through  the  courtesy  of  Dr.  James  Douglas,  some  results  of  experiments 
on  the  roasting  and  leaching  of  concentrator  tailings.  After  it  became 
apparent  that  flotation  rather  than  leaching  was  clearly  the  better 
method  of  handling  the  particular  problem  under  consideration,  before 
dismantling  the  experimental  equipment,  some  data  were  secured  on 
roasting  and  leaching  the  concentrate  itself  in  competition  with  smelting. 
Some  of  the  results  obtained  are  given  in  the  following  paper  and  they  are 
of  particular  interest  at  this  time  in  view  of  the  large  quantities  of  flota- 
tion concentrates  with  their  somewhat  diflBcult  smelting  characteristics 
now  being  produced. 

A  complete  wet  processf  consists  of  roasting  and  leaching  the  calcines 
in  dilute  sulphuric  acid  produced  from  the  roaster  gases,  roasting  the 
residue  with  salt  and  leaching  with  dilute  tower  liquors  (the  well-known 
Longmaid-Henderson  process)  and  recovering  the  copper,  silver  and  gold 
by  cementation  or  electrolysis  or  a  combination  of  both.  It  is  evident, 
however,  that  the  residue  from  the  first  leaching,  carrying  about  20  per 
cent,  of  the  copper  and  all  of  the  silver  and  gold,  can  be  smelted  if  pref- 
erable. In  considering  the  application  of  the  scheme  to  individual 
cases,  it  must  be  remembered  that  freight  plays  a  large  part  in  any 
reduction  process  wherein  smelting  is  not  conducted  at  the  mouth  of  the 
mine,  and  that  it  is  not  practicable  today  to  build  small  smelting  plants 
for  individual  operations. 

The  experiments  may  be  grouped  under  four  main  heads:  Roasting, 
leaching,  chloridizing  residue,  and  recovery  of  copper  from  solutions. 
The  products  of  two  concentrators  were  used :  The  Nacozari  concentrates 
were  the  product  of  a  large  modern  mill  not  using  flotation,  the  copper 
mineral  being  largely  chalcopyrite;  and  the  Tyrone  concentrates,  the 
product  of  an  experimental  mill  including  flotation,  the  copper  mineral 
being  chiefly  chalcocite.     Typical  analyses  would  be  as  follows : 

*  Consulting  Engineer.  t  Patent  applied  for. 
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Naeosari  Tyrone 

Copper,  per  cent 14.0  14.0 

Silver,  ounces  per  ton 4.0  0.5 

Gold,  ounces  per  ton 0.01  Trace 

Iron,  per  cent 31 .0  28.0 

Sulphur,  per  cent , 34.0  30.0 

Silica,  per  cent 13.0 

Alumina,  per  cent 3.0 

Lime,  per  cent 0.6 


Fig.  1. — Screen  Analyses  of  Concentbates  Calcines. 


Fia»  2. — Variation  op  Composition  with  Size  of  Particle. 
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Fig.  1  shows  screen  analyses  of  calcines  obtained  by  dead  roasting  the 
two  concentrates  as  described  later.  Fig.  2  shows  the  analysis  of  the 
calcines  for  copper,  sulphur  and  iron  for  each  screen  size.  The  Nacozari 
concentrates  carry  considerable  coarse  jig  product  while  the  Tyrone 
material  comes  from  an  ore  where  the  values  are  finely  disseminated  and 
the  quantity  of  100-mesh  is  quite  marked.  The  presence  of  the  flotation 
concentrates  in  the  Tyrone  material  brings  up  the  copper  contents  of  the 
fine  sizes. 

Roasting 

The  object  in  roasting  is  to  make  as  much  of  the  copper  and  as  Uttle 
of  the  iron  as  possible  soluble  in  dilute  sulphuric  acid.  The  work  is  simi- 
lar to  roasting  pyrites  fines  in  sulphuric  acid  manufacture,  except  that 
this  solubility  ratio  rather  than  the  complete  utilization  of  sulphur  is  the 
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Fig.  3. — Nacozabi  Concbntrates  Roasted  in  18-Ft.  Six-Hbakth  McDougall 
FuBNAOB  AND  Leachbd  IN  4  Peb  Cent.  Sulphubic  Acid  IN  Laboratobt. 

controlling  factor.  Small-scale  work  is  not  very  satisfactory  as  a  guide  to 
possible  results  as  it  is  practically  impossible  to  prevent  overheating  due 
U>  rapid  oxidation  of  sulphur  in  a  laboratory  experiment.  An  18-ft., 
water-cooled,  six-hearth  McDougall  was  used,  the  speed  of  rotation 
being  gradually  cut  down  until  dead  roasting  conditions  were  obtained. 
Greater  tonnages  could  doubtless  have  been  obtained  in  a  seven-hearth 
furnace. 

Many  samples  were  taken  from  various  hearths  and  the  acid-soluble 
copper  and  iron  determined  by  leaching  with  4  per  cent.  H2SO4  in  the 
laboratory.    The  resxilts  of  these  tests  are  given  in  Figs.  3  and  4.    The 
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results  of  tests  on  a  series  of  sixth-hearth  samples  to  determine  the  rela^ 
tion  between  tonnage  and  sulphur  elimination  are  plotted  in  Fig.  5.     It  is 
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Fig.  5. — Roaster  Capacity  vs.  Elimination  op  Sulphur. 

evident  that  the  chalcocite  can  be  oxidized  much  more  readily  than  the 
chalcopyrite,  although  size  of  particles  has  something  to  do  with  this.  An 
investigation  of  the  solubilities  of  the  various  sizes  of  particle  was  carried 
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out  by  screening  some  of  the  calcines,  as  shown  in  Fig.  6.  As  would  be 
expected,  the  finer  particles  are  the  more  thoroughly  oxidized ;  the  jig  prod- 
uct in  the  Nacozari  concentrate  is  one  reason  for  the  poorer  results 
obtained  in  the  treatment  of  this  material. 

In  general,  these  large-scale  experiments  indicate  the  possibility  of 
reasonably  obtaining  the  results  desired — high  copper  and  low  iron  solu- 
bility— ^but  it  is  obvious  that  the  residue  after  leaching  will  contain 
sufficient  copper  values  to  require  retreatment,  aside  from  the  fact  that 
any  silver  and  gold  will  remain  in  this  residue. 


40   60   go   100  120   140   ICO   180  200 


220  240 


Fig.  6. — Relative  Solubilities  of  Various  Sized  Particles  of  Calcine. 


Leaching 

As  shown  in  the  paper  presented  last  year,  such  satisfactory  results  in 
the  extraction  of  copper  values  from  tailings  were  obtained  by  dumping 
the  hot  calcines  from  the  furnace  into  a  leaching  trough,  the  few  seconds' 
ai^tation  thus  obtained  extracting  almost  as  much  as  prolonged  treatment 
in  other  apparatus,  that  the  same  idea  was  tried  out  with  the  concen- 
trate calcines.  It  was  not  possible,  for  various  reasons,  to  handle  the 
output  of  the  furnace  directly,  so  the  calcines  were  stored  and  then  fed  to  a 
bucket  elevator  which  in  turn  delivered  into  a  V-trough  in  which  the  leach- 
ing liquor  was  flowing.  The  results  were  here  disappointing,  as  although 
there  was  instant  extraction  of  perhaps  half  of  the  soluble  copper,  a  pro- 
longation of  the  trough  to  give  60  sec.  travel  did  not  greatly  increase  this 
amount.  It  was  definitely  shown  in  the  laboratory  as  well  that  pro- 
longed agitation  was  necessary  to  extract  all  of  the  soluble  copper.     The 
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leaching  trough  delivered  into  an  acid-proof  drag  consisting  of  an  endlesc 
belt  with  angle  rakes,  of  the  type  commonly  used  in  concentrators  foi 
dewatering.  This  acted  more  or  less  as  a  classifier,  the  very  fine  residues 
being  carried  over  with  the  liquor,  from  which  they  'were  subsequently 
separated  by  settling.  As  this  still  gave  insufficient  agitation  to  the 
sands,  a  Parral  tank  was  tried,  but  it  was  found  that  they  were  too  heav^i 
to  yield  readily  to  any  sort  of  air-lift  agitation.  A  Dorr  classifier  was 
then  added  to  the  apparatus  and  this  did  better.  It  was  found,  however, 
that  it  was  necessary  to  pass  the  residues  six  or  seven  times  through  the 
leaching  process  in  order  to  obtain  an  extraction  equal  to  that  shown  by 


J^^pp^  ^^^■^P^^^^j^*!^ 

-4HK 

I^if  J^^^^^f 

Fig.  7. — Experimental  Leaching  Plant. 


laboratory  tests  on  the  calcines.  Fig.  7  gives  a  general  view  of  th( 
leaching  apparatus. 

The  large-scale  leaching  tests  were  confined  to  the  Tyrone  material,  j 
lot  of  30  tons  of  calcines  from  some  of  the  roasting  tests  being  used.  Th 
first  runs  on  a  lot  of  17  tons  of  not  quite  dead-roasted  material  running  - 
per  cent,  sulphur  gave  results  that  were  satisfactory  except  in  that  to 
much  iron  was  dissolved,  causing  a  needless  consumption  of  acid  ani 
embarrassing  any  electrolytic  scheme  of  recovery.  Later,  better-roaste 
material  was  available  and  a  careful  record  kept  of  the  metal  balance  an 
acid  consumption,  with  the  results  shown  in  Table  1. 

These  figures  check  reasonably  close  by  except  in  the  case  of  iron;  hv 
it  must  be  remembered  that  various  iron  parts  in  the  apparatus  used  wei 
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TimeThroush 

Per  Cent.  Cu  in  Tftila 

TronchFM 

Dorr  Fed 

l8t 

7.7 
6.0 
5.2 
3.6 
3.3 

Acid 
Acid 
Acid 
Acid 
Acid 

Water 

2d 

Water 

3d 

Water 

4th 

Acid 

Sib 

Water 

Extraction  by  Heads  vs.  Tails 


Weight. 
Pounds 

Copper 

Iron 

Alumixut 

Per 
Cent. 

Pounds 

Per 
Cent. 

Pounds 

Per 
Cent. 

Pounds 

Heads 

8,360 
5,600 

15.48 

3.50 

84.70 

1,292 

196 

1,096 

1.00 

31.00 

43.52 

5.80 

2,590 

2,440 

150 

0.14 

5.60 

7.02 

16.00 

468 

T^{\^ 

393 

Extraction 

Extraction  per  lb.  of  Cu . 

75 
0.07 

Extraction  by  Analysis  of  Liquors 


Weight. 
Pounds 

Copper 

Iron 

AIuminA 

Per 
Cent. 

Pounds 

Cent. 

Pounds 

1 

Heads 

Taite 

Extraction 

Extraction  per  ib.  ofCu. 

51,538 
86,910 

0.46 

1.46 

80.00 

238 
1,271 
1,033 
1.00 

0.20 

0.76 

21.30 

104 
657 
553 
0.53 

0.47 

0.45 

31.90 

246 
395 
149 
0.14 

attacked  by  the  liquor,  which  would  artificially  increase  the  iron  taken 
into  solution. 

The  acid  consumption  was  2,496  lb.  of  100  per  cent.  H2SO4  for  the  run. 
This  is  equivalent  to  2.28  lb.  per  pound  of  copper  extracted.  Laboratory 
tests  on  the  same  calcines  indicated  2.0  Ib.  The  leaching  was  done  at  about 
125**  F.  with  6.6  per  cent,  free  acid  in  the  liquor  entering  the  trough. 

In  general,  when  a  15  per  cent,  copper  calcine  is  fed  to  the  trough, 
the  residue  at  the  end  of  the  trough  will  run  about  8  per  cent.  Cu,  the 
extraction  representing  the  instantaneously  soluble  copper.  This  resi- 
due can  be  brought  down  to  about  3.5  per  cent.  Cu  by  suitable  agitating 
means,  with  a  consumption  of  a  little  over  2  lb.  of  acid  per  pound  of  cop- 
per, and  with  the  extraction  of  but  little  iron.  The  final  residue  weighs 
only  about  60  per  cent,  of  the  original  concentrate  before  roasting. 
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Fig.  8. — Chloridizinq  Leached  Concentrates  Calcines. 

Roasted  IK  Hr.  at  975°  F.  with  Addition  of  Salt  and  10  Per  Cent.  Raw  Concentrates 
Calcines:  6.6  Per  Cent.  Copper,  1.9  Oz.  Silver  and  2.5  Per  Cent.  Sulphur. 
Raw  Concentrates:  14.4  Per  Cent.  Copper,  0.55  Oz.  Silver  and  34  Per  Cent 
Sulphur. 
Liquor:  5  Per  Cent.  Na2  SO4,  5  Per  Cent.  Na  CI,  5  Per  Cent.  Fe  Cli  and  0.5  Pei 
Cent.  HCl  -f  H,S04. 


Per  Cent  Raw  Concentratea  Added  before  Roast 
4         6        8        10       12       14       16       18      20        22 


24 


Fig.  9. — Effect  of  Sulphur-Copper  Ratio  upon  Extraction.     7M  Per  Cent. 
Salt  Added  to  Roasting  "Mix". 
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CMoridizing  Residue 

No  large-scale  work  was  done  on  the  chloridizing  of  the  residues  from 
the  first  leaching.  The  analysis  of  these  residues,  however,  differs  from 
that  of  pyrites  cinder,  so  long  successfully  treated  by  this  process,  only  in 
the  amount  of  silica  present.  Various  small-scale  experiments  were  tried 
and  50  lb.  or  so  were  sent  for  test  to  a  plant  where  the  Longmaid-Hender- 
son  process  was  in  operation.  Both  sets  of  experiments  were  entirely 
satisfactory. 

A  small  lot  of  leached  residues  was  prepared  for  test.  These  con- 
tained 5.6  per  cent.  Cu,  1.9  oz.  Ag,  and  2.5  per  cent.  S.  Raw  concentrates 
for  adjusting  the  sulphur-copper  ratio  were  used,  containing  14.4  per  cent. 
Cu,  0.55  pz.  Ag,  and  34  per  cent.  S.  Fig.  8  shows  the  extractions  with 
varying  percentages  of  common  salt  added  to  the  ''mix*'  after  roasting  in 
an  electric  muffle  furnace  1}4  hr.  at  975*^.  and  leaching  in  a  liquor  carry- 
ing 5  per  cent.  NajSO*,  5  per  cent.  NaCl,  5  per  cent.  FeCU,  and  0.5  per 
cent.  HCl  +  H2SO4.  Fig.  9  shows  the  effect  of  varying  the  sulphur  ratio. 
The  results  show  a  99  per  cent,  copper  and  a  79  per  cent,  silver  extrac- 
tion. The  report  on  the  lot  of  residues  sent  away  fully  confirmed  these 
results. 

Recovery  of  Copper  from  Solutions 

The  liquor  from  the  chloridizing  plant  would  doubtless  be  reduced  to 
argentiferous  copper  cement  by  iron.  But  20  per  cent,  of  the  original 
copper  is  involved.  The  sulphate  liquor  from  the  first  leach  could  be 
precipitated  on  iron  if  desired,  or  with  certain  limitations  would  be 
suitable  for  electrolytic  deposition  of  the  copper  and  regeneration  of  the 
acid.  Sulphide  concentrates  carry  from  1  to  2  lb.  of  sulphur  per  pound  of 
copper,  equivalent  to  from  3  to  6  lb.  of  100  per  cent.  H2SO4,  less  process 
losses,  if  the  roaster  gas  is  oxidized  to  sulphuric  acid.  Since  the  leaching 
calls  for  but  a  Uttle  over  2  lb.  of  acid  per  pound  of  copper,  plus  tailings 
losses,  it  would  seem  possible,  therefore,  to  figure  on  a  simple  cementation 
plant,  considering  electrolysis  as  a  competitor  on  a  basis  of  relative  profit 
and  not  of  necessity. 
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Smelting  at  the  Arizona  Copper  Co.'s  Works 

BY  P.    N.   FLYNN,*   CLIFTON,   ARIZ. 
(Arisona  Meeting,  September,  1016) 

Introductory 

In  1882,  The  Arizona  Copper  C!o.  Ltd.,  acquired  producing  copper 
mines  at  Metcalf  and  Morenci  (locally  called  Longfellow).  Metcalf 
is  situated  a  distance  of  7  miles,  and  Morenci  a  distance  of  6  miles  from 
the  general  office  of  the  company  at  Clifton,  Ariz.  A  reduction  works 
with  five  blast  furnaces  was  built  in  the  center  of  the  town  of  Olifton  in 
1884  and  operated  until  January,  1914. 

Concentration  of  oxidized  ores  was  begun  in  1890-1891,  in  a  mill 
built  adjoining  the  smelter,  and  in  October,  1893,  a  leaching  process  was 
started  for  treating  tailings  from  the  oxide  mill.  A  sulphide  concentrator 
with  300  tons  capacity  was  built  at  Clifton  and  started  treating  chalcocite 
ores  in  July,  1896.  This  was  the  first  mill  to  treat  low-grade  copper- 
sulphide  ores  successfully.  Another  concentration  mill  for  sulphide  ores 
was  erected  at  Morenci  in  1900.  The  sulphide  mills  are  now  being  re- 
modeled to  treat  ores  by  concentration  and  flotation,  with  a  capacity 
of  4,000  tons  at  Morenci  and  500  tons  at  Clifton.  The  leaching  plant 
has  not  been  running  since  September,  1914. 

The  average  yearly  production  from  this  company's  mines  and 
reduction  works  from  1886  to  date  has  been: 

Pounds 

10  years  ended  1894 6,864,902 

10  years  ended  1904 20,439,614 

10  years  ended  1914 32,665,906 

Part  of  year  1916,  to  Sept.  12 30,206,106 

4  months  of  1916,  to  June 16,964,840 

June,  1916 4,900,000 

Construction  on  a  new  smelting  plant  was  started  in  February,  1912, 
and  finished  in  February,  1914.  In  the  Trar^sactions,  vol.  49,  E.  Horton 
Jones  published  "Unit  Construction  Costs  from  the  New  Smelter  of  the 
Arizona  Copper  Co.,  Ltd.,"  which  fully  describes  the  construction  of 
this  plant,  with  details  of  costs. 

*  Superintendent  of  Smelting  Department,  The  Arizona  Ck)pper  Co.,  Ltd. 
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Fio.  1. — Flow  Sheet  op  the  Arizona  Copper  Co'b.  Smelting  Plant. 
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Fig.  2. — Sketch  Showing  Position  op  Reverberatory  Arches  on  Centkr  Lini 
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The  new  smelter  site  is  on  gently  sloping  ground,  2  miles  below  the 
town  of  Clifton,  and  close  to  the  San  Francisco  River.  The  Arizona 
4  New  Mexico  standard-gage  railroad  and  the  Coronado  narrow-gage 
railway  serve  the  plant.  Smelter  yard  standard-gage  trackage  consists 
of  2.38  miles  for  steam  locomotives,  and  1.72  miles  for  electric  haulage. 

Reference  to  the  accompanying  flow  sheet  will  assist  in  following 
description  of  smelting  practiqe  at  the  new  smelter. 


Roaster  Division 

Roaster  equipment  consists  of  eight  HerreshofF  furnaces  with  steel 
shells  21  ft.  7  in.  in  outside  diameter.  Hearths  and  linings  in  the  different 
furnaces  are  built  of  materials  as  shown  in  the  accompanying  table. 


Hearth  and  Lirnng  Materials  in  Herreshoff  Roasting  Furnaces 

Fur- 

Hearth Numbers  From  Top  Downward 

nace 

Drier 



-     —    -  -             

- 

Shell 

No. 

1     1 

_: 

2 

3           1         4 

5 

6 

1 

Red  brick 

Firebrick 

Firebrick 

Gravel- 
concreto 

Gravel- 
concrete 

Gravel- 
concrete 

2-in. 
concrete 

Redbrick 

2 

Red  brick 

Firebrick 

Slag- 

Firebrick 

Firebrick 

Firebrick 

2-in. 

Redbrick 

i    shapes 

oonerete 

shapes 

shapes 

concrete 

3 

Red  brick 

Firebrick 

Slag- 
concrete 

Firebrick 

Slag- 
concrete 

Brick- 
concrete 

2-in. 
concrete 

Redbrick 

4 

Red  brick  !  Firebrick 

Firebrick 

Gravel- 

Gravel- 

Gravel- 

2-in'. 

Redbrick 

1 

concrete 

concrete 

concrete 

concrete 

5 

Red  brick  1  Firebrick 

Firebrick 

Firebrick 

Firebrick 

Firebrick 

2-in. 
concrete 

Firebrick 

6 

Redbrick 

Firebrick 

Firebrick 

Firebrick 

Slag- 
concrete 

Slag- 
concrete 

2-in. 
concrete 

Red  brick 

7 

Firebrick    !  Firebrick 

Firebrick 

Firebrick 

Firebrick 

Firebrick 

2-in. 

Red  brick 

blocks           blocks 

blocks 

blocks 

blocks 

blocks 

concrete 

8 

Firebrick      Firebrick 

Firebrick 

Firebrick 

Firebrick 

Firebrick 

2-in. 

Red  brick 

blocks           blocks 

blocks 

blocks 

blocks 

blocks 

concrete 

HearthB  designated  "gravel  concrete"  were  made  of  river  gravel,  3-in.  sise  and  under,  2  parts;  clean 
sand.  4  fMU-ts;  and  cement,  1'  part.  Slag-concrete  mixture  consisted  of  crushed  slag  (all  the  siie  that 
passed  a  H-in-  screen)  3  parts;  dean  sand,  3  parts;  and  cement,  1  i>art.  Composition  of  this  slag  was: 
8iOt.  47.0  per  cent.;  AliOs,  8.5  per  cent.;  Fe,  27.5  per  cent.;  CaO,  3.3  per  cent.:  S,  0.5  per  cent.  In  the 
fifth  hearth  of  No.  3  furnace,  crushed  red  brick  was  substituted  for  gravel  in  the  concrete  mixture. 

The  first  nine  concrete  hearths  built  were  reinforced  with  iron  rods 
laid  in  top  and  bottom  courses.  Reinforcing  in  those  with  inner  drop 
holes  weighed  3,093  lb.,  and  those  with  outer  drops  2,148  lb.  When 
fully  heated  the  fourth  and  fifth  hearths,  with  heavy  reinforcement,  rose 
6  in.  at  the  center  of  the  arch,  which  necessitated  chipping  off  some  of 
the  concrete  from  the  center  of  hearths.  In  later  construction  J/^-in. 
diameter  reinforcing  rods  were  used.  This  reduced'  the  weight  of  iron 
to  1,172  lb.  and  1,373  lb.  respectively  for  inner  and  outer  drop  hearths. 

Slag-concrete  hearths  are  preferred,   providing  the  slag  is   highly 
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siliceous.  All  concrete  hearths  have  given  entire  satisfaction.  Thej 
have  been  in  service  since  May  3,  1914,  without  any  repairs. 

Provision  is  made  for  cooling  the  central  columns  and  rabble  armi 
with  air  supplied  from  a  motor-driven  fan,  but  during  the  last  18  months 
cooling  air  has  not  been  required. 

The  roaster  charge  has  varied  from  ore,  limerock  and  concentrat( 
mixtures  with  19.2  per  cent,  sulphur  and  10.7  per  cent,  copper,  to  al 
concentrates  with  30.7  per  cent,  sulphur  and  15.8  per  cent,  copper,  wit! 
fuel  requirements  varying  from  a  maximum  of  40  lb.  of  coal  per  ton  o: 
calcines  to  none  when  roasting  all  concentrate.  The  units  of  sulphuj 
burned  off  have  ranged  from  7.5  to  17.4,  the  usual  practice  being  to  leav< 
equal  quantities  of  sulphur  and  copper  in  the  calcine,  because  of  th< 
oxidized  ore  used  in  reverberatory  fettling. 

Normally,  the  material  roasted  requires  only  a  little  more  heat  thai 
is  derived  from  the  sulphur  burned.  Heavy  crude  oil  was  first  used  ai 
fuel,  but  with  poor  results,  because  with  the  low  draft  maintained  burners 
could  not  be  obtained  of  suitable  size  to  bum  continuously  the  smal 
quantity  of  oil  necessary  to  furnish  this  deficiency  of  heat,  and  distributi 
it  properly  over  the  hearth.  The  flame  was  admitted  through  one  dooi 
on  the  third  or  fourth  hearth  from  the  top.  A  burner  that  would  staj 
lighted  in  these  comparatively  cold  hearths,  produced  an  intense  flame 
and  if  kept  rimning  long  enough  to  ignite  the  charge  to  the  temperatun 
desired,  the  brick  hearth  over  the  burner  became  too  hot  and  charge  fusee 
on  the  hearth  directly  in  front  of  the  burners.  Calcine  produced  was  noi 
uniform,  because  the  sulphur  had  to  be  controlled  by  burning  oil  inter 
mittently,  which  resulted  in  first  a  hot  furnace  and  low  sulphur,  then  t 
cold  furnace  with  high  sulphur. 

Coal-fired  Dutch-ovens  with  12  sq.  ft.  of  grate  area  have  been  adopte( 
for  supplying  additional  fuel  required  for  roasting.  Two  ovens  for  eacl 
furnace  admit  the  flame  on  the  fifth  hearth  from  the  top.  With  these 
the  roast  can  be  quickly  and  closely  regulated,  and  the  furnace  repair 
have  been  greatly  reduced  as  compared  with  oil-burning  conditions. 

Ignition  usually  takes  place  on  the  fourth  hearth  from  the  top,  an< 
the  temperature  of  the  charge  rises  to  1,200  or  1,300**  F.  on  the  two  lowe 
hearths.  With  one  reverberatory  running,  each  roaster  operated  noi 
mally  makes  66  tons  of  calcine  per  day.  When  two  reverberatories  ai 
taking  charge,  each  roaster  has  to  supply  80  tons  of  calcine.  Result 
show  that  while  removing  the  same  imits  of  sulphur  per  ton,  a  furnac 
will  consume  less  coal  per  ton  when  producing  60  than  when  producin 
80  tons  of  calcine.  Monthly  averages  of  113  tons  of  calcine  pr< 
duced  per  furnace  day  show  a  very  high  coal  ratio.  Furnace  dampei 
are  kept  closed  just  to  the  point  of  smoking.  Gases  leaving  the  fui 
naces  first  enter  a  hopper-bottomed  header-flue,  through  which  the 
travel  at  a  velocity  of  6  or  7  ft.  per  second,  at  325  to  425**  F.  teiupers 
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hen  pass  into  a  large  dust-chamber.    Dust  recovered  from 
er  amounts  to  0.8  per  cent,  of  the  dry  charge  to  roasters, 
st-chamber  roof,  made  of  No.  11  plate  steel,  shows  slight 
>n  at  the  laps.    A  sheet-copper  cap  laid  over  the  joint  at  apex 
;ed  2  years  and  has  been  replaced  by  concrete. 

Reverberatory  Division 

g  for  production  of  matte  is  all  done  in  reverberatories,  either 
0  furnaces  being  operated  as  required.  Three  furnaces  set 
each  other  the  long  way,  and  26  ft.  apart,  each  with  a  hearth 
100  ft.,  are  available,  one  of  these  always  being  a  spare.  The 
N^o.  3  furnace  is  crushed  silica  fused  in  on  a  slag  bottom, 
[os.  1  and  2  have  hearths  of  crushed  silica  fused  in  on  bottoms 
luartz.  Roofs  were  all  originally  built  with  1  in.  to  the  foot 
arch.  TVhen  the  roof  of  No.  1  furnace  was  rebuilt,  the  arch 
a  rise  of  1^  in.  to  the  foot.  Six-inch  Soles,  spaced  24  in. 
t  in  the  roofs  along  the  side  walls  and  across  the  back,  allow 
terial  to  be  piped  into  the  furnaces  from  trough-shaped  bins 
jally  over  these  holes.  Five-inch  diameter  pipes  on  fettling 
ing  changed  to  8-in.,  to  permit  using  coarser  material  without 
e  pipe  openings.  Other  dimensions  of  these  reverberatories 
their  operation  are  given  in  an  accompanying  table. 


Reverberatory  Dimensions 


Furnace  Number 


i  tap  hole  to  top  of  front  plate . 
>le  to  skimming  blocks  in  use  at 

burners  above  front  plate 

1  burners  above  skim  block  at 

Be 

it  area  when  slag  line  is  level  with 

plate,  square  feet 

at  area,  when  slag  line  is  raised 
top  of  front  plate,  square  feet. . . 

ng  in  verb  shaft,  square  feet 

:e  opening  to  header  flue,  square 

« 

side  walls,  as  rebuilt,  above  matte 


1  ft.  10^  in.| 

lOJ^in. 
1  ft.  IIM  in. 

1  ft.  IIH  in. 

17.4 

13.2 
40.0 

45.6 

30.0 


26.2 

22.6 

28.5 

55.2 
30.0 


1  ft.  3%  in. 

1  ft.  1  in. 

il  ft.  SH  in. 

[1  ft.  5J4  in. 

i       22.0 

I       18.0 
28.5 

54.6 

12.0 


lie  12-in.  side  wall  is  more  favorable  for  greater  height  of  fettling. 
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In  furnaces  Nos.  2  and  3  the  weight  of  the  shaft  has  been  taken  off  of  the 
verb  arch,  by  means  of  a  telescopic  shaft  supported  on  steelwork.  Fig. 
2  shows  the  relative  positions  of  the  reverberatory  arches  on  the  center 
line  of  rOof .  This  height  is  satisfactory  when  burning  small  quantities 
of  oil,  but  might  be  raised  considerably  in  Sections  No.  1  and  2  for  larger 
quantities  of  oil. 

The  following  log  of  the  third  campaign  of  No.  3  reverberatory  furnace 
is  representative  of  operations  on  a  one-furnace  schedule: 

Furnace  started  May  20,  1914. 
6.208  days  lost  in  August,  repairing  side  walls,  verb  shaft,  and  24  ft.  of  new  roof  on 

Section  1. 
0.769  days  lost  in  September,  October,  November  and  December,  1914,  making 

minor  repairs. 
1 .  122  days  lost  in  January,  1915,  patching  roof  and  front  end. 
2.736  days  lost  in  March,  1915.     New  roof  on  Section  1. 
5 .  642  days  lost  in  July,  1915.     50  ft.  roof  repairs  on  Sections  1  and  2,  and  new 

jambs  imder  header-flue  arch. 

Furnace  stopped  Sept.  12,  1915,  on  account  of  labor  strike,  but  was  in  good 

repair  at  that  time. 
16.477  days  lost  time  in  16  months  total  campaign. 

Dry  Tons  Solid  Charge  Smelted: 

During  total  campaign 178,165.0 

Daily  average  for  total  campaign 384.6 

Daily  average  for  one  month,  highest 512.4 

Daily  average  for  one  month,  lowest 312 .2 

Highest  for  one  day,  during  highest  average  month 543.0 

Lowest  for  one  day,  during  highest  average  month 413.0 

Barrels  of  Oil  per  Ton  of  Solid  Charge: 

Lowest  month 0 .  653 

Highest  month 0. 951 

Average  during  campaign 0 .  744 

By  a  campaign  is  meant  the  elapsed  time  between  starting  a  furnace 
and  tapping  out  the  matte.  New  roofs  on  Sections  1  and  2  were  built 
upon  ore  centers,  without  tapping  the  matte.  The  last  side  walls  repaired 
were  in  November,  1914.  Since  adopting  greater  fettling  height,  no 
further  wall  repairs  are  anticipated. 

Two  parallel  charge  tracks  cross  the  furnaces  near  the  back  in  a  direc- 
tion at  right  angles  to  their  length.  Fifteen-ton  charges  of  calcine,  at  a 
temperature  of  1,050.  to  1,150°  F.,  are  dropped  through  one  water- 
jacketed  charge  hole  in  the  center  of  the  roof  on*either  track,  but  90  per 
cent,  of  all  charges  are  dropped  from  the  back  track.  This  part  of  the 
charge  dropped  through  the  roof  is  designated  '*  direct  charge."  Seventy- 
five  per  cent,  of  the  total  solid  charge  smelted  is  introduced  in  this  way. 
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nace  conditions  are  always  expected  if  such  cold  material  as 
;lag  or  limerock  of  any  size,  or  anything  coarse  like  siliceous 
crated  with  converter  slag,  either  cold  or  warm,  is  dropped  as 
;e  without  mixing  it  well  with  hot  calcine.  Ore,  limerock  or 
luces  "charge  floaters."  Cold  slag  sinks  and  makes  sticky 
toms.  When  it  is  necessary  to  add  cold  or  coarse  material 
3t  charge,  the  best  results  are  obtained  when  they  are  well 
hot  calcines,  in  the  calcine  charge  cars,  but  better  still  in  the 
naces. 

:tures  to  be  roasted  are  made  of  the  required  composition  to 
dag,  when  smelted,  in  which  the  ratio  of  oxygen  in  acids  to 
ases  will  fall  between  2.00  and  2.25.  A  vast  difference,  how- 
md  in  the  smelting  properties  of  calcines  made  from  these 
egardless  of  the  similarity  between  their  analyses  or  the 
the  slags  they  produce.  Calcine  made  from  concentrate  or 
3S  of  3^  in.  size  smelts  readily,  whereas  if  the  calcine  is  an  arti- 
re  made  of  siliceous  oxidized  ore  crushed  to  this  size,  and  mixed 
lessive  proportion  of  limerock,  the  charges  melt  more  slowly, 
from  the  two  following  mixtures  will  fairly  illustrate  this 


Clans  of  MatcrUl 

Mix  103.  Per  Cent, 
of  Total 

Mix  120.  Per  Cent, 
of  Total 

entrate 

100.0 

70.7 

low  sulphur 

4.8 

e  ore 

12.9 

11.6 

100.0 

100.0 

Analysis 


SiOs. 
Per  Cent. 


18.3 
20.7 


AliO«. 
Per  Cent. 


4.6 
4.7 


Fe, 
Per  Cent. 


28.2 
24.1 


CaO, 
Per  Cent. 


0.7 
7.6 


S. 
Per  Cent. 


29.0 
22.5 


I        Cu, 
Per  Cent. 


14.10 
10.98 


Oxygen 
Ratio 


.43 
.45 


average  of  365  tons  of  calcine  per  furnace  was  smelted  during 
at  mix  103  was  on  the  charge.  In  comparison,  200  tons  per 
'  was  barely  maintained  while  the  charge  consisted  of  calcine 
20.  The  practice  is  to  crush  siliceous  ore  as  fine  as  Ke-i^^- 
beds,  and  endeavor  to  keep  the  sulphide  material  as  high  as 
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75  per  cent,  of  the  total  bed  mixture.     Ore  and  limerock  mixtures  require 
a  much  higher  oil  ratio  than  calcine  from  straight  concentrate. 

In  other  words,  the  greatest  percentage  of  oxidized  material  whicl 
it  is  permissible  to  smelt  in  the  reverberatory  furnace  is  found  to  be: 


Tons  per        x,-.  Oo^* 
Furnace  Day  I  ^^  ^®'^*- 


Direct  charge \        300 

Fettling ,         100 

Total I         400 


25 
100 

44 


Oxidized  ore  and  limerock. 
Oxidized  ore. 

Oxidized  ore  equivalent. 


Above  44  per  cent,  oxidized  ore,  the  charge  could  undoubtedly  b« 
better  handled  in  a  blast  furnace.  The  charges  spread  better  when  the 
furnace  is  nearly  full  of  matte,  and  also  when  the  copper  and  sulphur  in 
the  calcine  are  equal.  Matte  under  40  per  cent,  copper  is  favorable  foi 
higher  tonnage. 

Fettling. — Ore  and  byproducts  crushed  to  a  23^-in.  size  for  fettling 
constitute  the  remaining  25  per  cent,  of  the  solid  charge  smelted.  It  is 
customary  after  each  skim  to  feed  these  materials  from  bridge-wall  t( 
shaft  in  the  following  proportions: 


Furnace  ' 

_  I. 

Back I 

Back •. ! 

Middle I 

Middle , 

Front , 

Shaft 


I 

Section  No.    I  Per  Cent. 


Material 


25 

50 
12 

8 
4 

1 


f  Old  smelter  slag. 
1  Converter  slag  skulls. 
Less  siliceous  ore. 
Less  siliceous  ore. 
Less  siliceous  ore. 
More  siliceous  ore. 
Silica. 


Converter  slag  skulls. . . 

Old  smelter  slag 

Less  siliceous  ore 

More  siliceous  ore 

Silica 

Approximate  average 


SiOt, 

Per 

Cent. 


;  19.6 
1  37.2  I 
I  42.6  I 
'  65.01 
'  84.4  I 
'  40.4' 
I I 


Analysis 


A1,0« 

Per 

Cent. 


3.9 
8.9 
7.7 
12.2 
6.3 
7.5 


#5 

Cent. 


CaO. 

Per 

Cent. 


MgO, 

Per 

Cent. 


I 


47.2 
22.0 
18.0 
5.6 
3.1 
21.5 


0.9 
10.3 
3.0 
0.8 
0.5 
3.5 


0.0 
5.2 
2.5 
0.6 
0.0 
2.4 


s. 

Per 
Cent. 


Cu, 

Per 

Cent. 


3.6 
0.3 
1.0 
1.9 
2.6 
1.3 


9.00 
3.56 
6.80 
3.78 
0.74 
6.49 


Oxsrsen 
Ra^o 


0.89 
2.12 
3.74 
19.43 
46.34 
3.08 
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July,  1914,  the  height  of  fettling  was  carried  not  to  exceed 
I  the  slag  line.  This  height  was  gradually  increased  until 
14,  when  the  practice  of  fettling  to  the  holes  in  the  roof  was 

and  later  successfully  adopted  after  the  size  of  fettling 
s  increased  from  %  in.  to  the  present  23^-in.  size.  The  coarse 
better.  It  reposes  at  an  angle  of  45**  above  and  46**  to  60° 
Ag  line. 

ilts  achieved  in  performing  fettling  operations  as  practised 
1  upon  the  relative  location  and  manner  in  which  the  material 

as  well  as  the  amoimt  of  fines  in  it  and  its  chemical  and 
nposition,  as  may  be  concluded /rom  the  following  account  of 
\dth  different  fettling  materials. 

md  byproducts  crushed  fine  work  unsatisfactorily  in  any  part 
,ce.  However,  if  crushed  coarse,  results  are  good  when  such 
charged  in  the  back  of  the  furnace. 

siliceous  fine  ore  is  not  good  fettling  in  any  place  in  the 
i  does  not  stand,  and  requires  care  to  keep  it  from  running  out 
aace.     Crushed  coarse,  it  makes  good  fettling  wherever  used. 

siliceous  fine  ore  mixed  with  coarse  byproduct  make  a  bad 
L  The  only  place  the  more  siliceous  fine  ore  alone  can  be 
ny  degree  of  success  is  on  the  bridge-wall, 
siliceous  coarse  ore  is  not  so  acceptable  as  less  siliceous  coarse 
in  the  front  half  of  the  furnace,  because  it  makes  too  much 
im  on  top  of  the  slag. 

le  raw  concentrate  is  good  in  the  back  half  of  the  furnace, 
t  stand  so  well  nor  so  high  as  coarser  material.  It  gives  bad 
e  front  half  because  it  melts  easily  to  a  magnetic  mush, 
ng  with  hot  calcine  can  only  be  done  with  any  degree  of 
ection  No.  1,  and  then  only  slightly  above  the  slag  line.  At 
on  it  runs  out  over  the  furnace  bottom.  An  attempt  was 
tie  the  entire  furnace  with  calcine,  but  was  abandoned  when 
t  dropped  to  less  than  half  capacity.     Calcine  gave  poorer 

any  other  material  experimented  with. 
3  in  the  front  half  melts  easily  to  a  magnetic  mush.     In  the 
ben  mixed  with  siliceous  oxide  ore  it  works  well, 
deal  fettling  material  was  found  to  be  less  siliceous  copper- 
t  containing  5  to  10  per  cent,  sulphur. 

words,  basic  or  sulphide  materials  are  charged  near  the 
ecause  of  their  lower  fusing  points.  If  charged  in  the  front 
ere  the  temperature  is  lower,  they  melt  with  sufficient  ease 
hick,  mushy,  semifused  slag,  and  in  the  case  of  pyrite  make 
f  magnetite.  Siliceous  ores  with  60  per  cent,  silica  produce 
ch  blankets  the  slag  and  causes  higher  oil  ratio  and  lower 
f  the  siliceous  ores  contain  much  copper  in  oxidized  form, 
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the  scum  will  assay  from  0.7 16  1.3  per  cent,  copper,  whereas  if  the  coppe 
is  present  as  a  sulphide  the  scum  will  assay  very  much  lower. 

The  most  important  development  as  regards  fettling  has  been  aloni 
the  line  of  coarser  crushing  and  greater  height  of  material  to  protec 
the  side  walls  without  encroaching  on  the  furnace  bottom  area.  Fettlin 
"floaters"  are  unknown.  The  successful  results  of  this  practice  are  bes 
seen  from  the  photograph  of  one  of  the  furnaces  (Fig.  3). 

Fuel  is  14  B6.,  18,000  B.t.u.,  California  crude  oil,  pumped  at  12i 
lb.  pressure  and  delivered  through  steam  heaters  at  a  temperature  o 
170°  F.  to  six  burners  and  atomized  with  converter  air.     Two  hundrei 


Fig.  3. — Reyerberatoby  Furnace  No.  3  of  Arizona  Copper  Co.,  Ltd. 

Campaign  No.  3.  Started  May  20,  1914,  finished  Sept.  12,  1915  (date  of  labc 
strike.) 

Dry  tons  of  solid  charge  smelted:  total  178,165;  highest  daily  average  for  on 
month,  512.4. 

Fettled  to  the  roof  with  "less  siliceous"  oxide  ore  and  converter  slag  skull 
crushed  to  13^  in.  Slope  of  fettling,  from  45  to  60°.  Fettling  material  amounts  to  2 
per  cent,  of  total  solid  charge. 

and  forty  to  366  bbl.  of  oil  is  burned  per  furnace-day.  This  variatio 
covers  a  one-furnace  schedule  when  hard  firing  for  high  tonnage  is  re 
quired,  or  two  furnaces  with  light  firing  and  correspondingly  low  tonnag 
smelted. 

Furnace-throat  draft  (inside  the  furnace)  is  0.12  to  0.16  in.  of  wate 
and  in  header-flue  common  to  all  furnaces,  draft  is  0.60  in.  water.  Gas< 
leave  the  furnaces  at  temperatures  from  1,800  to  2,000**  F.  Seven  Stirlin 
boilers  are  available  for  reverberatory  waste  heat,  each  712-hp.  capacit; 
and  all  connected  in  multiple  through  cross-over  flues  from  the  heade 
flue.  Dampers  are  so  arranged  that  gases  can  be  sent  to  any  one  or  a 
of  the  boilers.     There  is  no  bypass  to  the  chimney.     Four  or  five  boile 
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are  used  when  running  one  furnace.  Reverberatory  dust  caught  in 
all  the  boilers  does  not  exceed  5  tons  monthly  when  fimning  one 
reverberatory. 

Furnace  gases  leaving  the  waste-heat  boilers  at  temperatures  varying 
between  471®  and  588**  F.,  are  conducted  through  6-ft.  diameter  steel 
pipes  into  a  flue  connecting  with  the  main  chimney.  The  temperature 
of  gases  in  the  flue  ranges  between  400**  and  500**  F.  at  different  points, 
and  at  these  temperatures  the  average  velocity  of  gases  is  10  ft.  per 
second,  when  running  one  furnace.  An  average  analysis  of  this  gas  is 
SOi,  0.3  per  cent.;  CO2,  5.9  per  cent.;  O,  12.9  per  cent.;  CO,  0.4  per  cent.; 
N,  80.5  per  cent.;  S0«,  not  determined.  When  the  flue  was  cleaned 
recently,  100  tons  of  dust  was  removed  that  had  accumulated  during  2 
years'  furnace  operations.     The  composition  of  this  dust  was: 


SiO« 

AlsOs 

Total     f;^: 
*^«          Fe 

1 
CaO          S 

1 

Cu 

Free 
HtSOi 

H,0 

duBt 

17.4 

6.3 

11.8 
3.7 

31.4 

2.6 

2.3 
2.1 

91,4 

10.3 
9.1 

88.3 

9.65 
6.60 

68.4 

3.0 

9.5 

Soluble  in  water 

Per  cent,  of  total,  soluble 
in  water 

1.8 
28.3 

The  flue  roof  was  originally  made  of  No.  14  steel  plate.  This  had  to 
be  repaired  after  8  months'  service.  Holes  were  eaten  in  the  plate  and 
in  spots  the  whole  sheet  was  pitted  and  nearly  eaten  through.  Moist 
flue  dust  covered  the  inside  surface  of  the  roof.  This  deposit  consisted 
principally  of  sulphates  of  iron  and  copper,  as  is  shown  by  the  following 
composition  calculated  from  analysis  of  dry  sample: 

Insoluble 3.0 

CuSO* •• 7.7 

AliCSOO, 8.0 

FeSOi 18.7 

Fe,(S04), 45.3 

ZnSOi 3.2                    % 

CaSOi 2.9 

FreeHjS04 12.3 

Total 101.1 

This  would  not  jar  loose  from  the  sheet,  and  metallic  copper  had  deposited 
on  the  iron.  Concrete  slabs  reinforced  with  wire  netting  were  laid  on 
top  of  the  steel  plate  and  the  joints  between  slabs  filled  with  asphalt. 
The  concrete  covering  has  served  2  years.  The  corrosive  action  of  gases 
on  the  iron  was  arrested  for  10  months  of  operations  after  the  slab  roof 
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was  put  on,  but  during  an  idleness  of  5  months,  due  to  labor  trouble 
the  plate  had  corroded  completely.        ^ 

Lime  in  the  mortar  used  in  laying  tile  walls  of  this  flue  was  partb 
changed  to  sulphate  by  the  furnace  gases\  While  the  flue  was  cold,  th( 
walls  swelled  far  out  of  plumb.  The  tile  broke  and  walk  had  to  b 
rebuilt.     New  walls  are  brick  laid  in  slime  mortar. 

Converter  slag  is  poured  through  the  back  wall  of  furnace,  at  th 
center,  through  a  launder  discharging  at  the  height  of  the  oil  burnen 
Magnetite  builds  up  under  the  discharge  of  the  laimder,  but  the  bridge 
wall  on  either  side  of  it  requires  fettling. 

Considerable  has  been  written  regarding  the  fluxing  value  of  converte 
slag  poured  into  reverberatory  furnaces.  The  prevailing  opim'on  seem 
to  be  that  very  little  fluxing  value  is  within  one's  control.  It  is  arguec 
that  the  basic  converter  slag  does  not  act  upon  the  charge  resting  on  th 
slag  surface,  does  not  mix  with  the  trisilicate  slag,  and  passes  through  th 
furnace  like  a  submarine  as  a  monosilicate,  emerging  near  the  skimmini 
end.  The  technical  reason  advanced  for  these  arguments  is  the  rela 
tively  high  specific  gravity  of  the  basic  converter  slag.  The  writer  ha 
proved  to  his  own  satisfaction  that  practically  all  of  the  iron  present  ii 
liquid  converter  slag,  other  than  iron  in  the  magnetic  state,  is  efifectiv 
as  flux.  The  violent  boiling  and  the  reactions  that  take  place  whei 
calcine  charge  is  dropped  through  the  central  charge  hopper  are  efifectiv 
in  mixing  any  slag  that  may  have  separated  into  layers  in  the  fumaci 
at  the  back.  If  it  is  true  that  the  charge  dropped  in  the  back  of  th 
furnace  partly  melts  to  a  trisilicate  slag,  underlaid  by  the  bisilicate,  whicl 
in  turn  rests  upon  the  monosilicate  converter  slag,  it  would  be  a  diflScul 
task  to  explain  why  the  surface  or  trisilicate  slag  is  so  active  in  its  con 
sumption  of  fettling  material  at  the  slag  line.  On  the  other  hand,  it  i 
not  difficult  to  imagine  the  monosilicate  slag  attacking  .the  fettlin: 
material  along  the  side  walls,  from  the  matte  line  up.  How  it  would  fa; 
to  do  so  would  be  difficult  to  explain. 

The  effect  of  liquid  converter  slag  was  vividly  shown  on  one  occasior 
when  a  furnace  had  been  tamped  with  moist  quartz  from  floor  to  roc 
along  the  walls,  and  when  fused  was  largely  filled  with  hot  converter  sla 
and  little  regular  charge.  Within  24  hours  there  was  little  quart 
remaining. 

On  several  occasions,  two  furnaces  running  on  identical  charges  ha\ 
been  used  for  illustrative  purposes.  Into  one,  all  of  the  converter  sla 
was  poured.  In  the  other,  without  converter  slag,  the  full  quantity  < 
limerock  equivalent  to  the  total  fluxing  value  of  the  converter  slag  wi 
required. 

There  are  others  who  contend  that  even  magnetite  in  converter  sl^ 
is  acted  upon  by  the  furnace  matte  and  becomes  effective  as  flux.  0\ 
own  experience  is  that  whenever  magnetite  accumulates  in  the  furnac 
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e  pulled  out  with  the  rabble  as  mush,  the  necessary  limerock 
the  charge,  and  plenty  of  sharp  drills  made  ready  at  the  matte 

>sence  of  an  accurate  method  for  the  determination  of  magnetic 
ron  in  furnace  byproducts  is  one  of  the  most  unfortunate  and 
e  conditions  with  which  the  metallurgist  is  confronted,  and 
le  elucidation  of  this  obscure  subject  difficult.  Without  some 
quantitatively  determining  this  substance,  accurate  data  as  to 
value  can  not  be  obtained  from  balance  sheets  even  if  materials 
lets  are  all  weighed,  because  it  is  not  certain  from  an  analysis 
aagnetic  iron  has  been  changed  in  passing  through  the  furnace. 

Converter  Division 

roduction  of  magnetite  in  the  converters  is,  within  reasonable 
itroUed  by  the  converting  practice.  The  converter  slag  poured 
everberatory  furnace  should  not  contain  any  magnetite  visible 
.  The  safest  practice  is  to  reject  the  last  2  cu.  ft.  of  slag  when 
The  rejected  slag  with  the  ladle  skull  will  eventually  enter  the 
3  fettUng  material,  where  its  detrimental  effect  to  the  furnace 
irily  turned  to  some  good,  because  of  its  refractory  properties, 
icy  to  stick  to  the  sides  when  mixed  with  cold  ore  is  quite 
\  when  the  fettling  bank  is  removed  from  the  walls  when  the 
out  of  service.  By  this  practice,  magnetite  is  made  to  perform 
at  similar  service  in  the  reverberatory  furnace  to  that  which 
18  in  the  protective  coating  in  a  basic  converter.  Unfortunately 
all  portion  of  the  total  magnetite  production  can  be  so  used, 
metallurgists  prefer  to  make  a  small  quantity  of  magnetite  on 
erter  charge,  contending  that  in  that  way  the  coating  remains 
instant  thickness.  They  accomplish  this  by  blowing  a  few 
a  the  start  or  finish,  either  or  both,  but  usually  at  the  start,  with 
5  of  silica.  The  writer  is  of  the  opinion  that  by  intentionally 
lagnetite  with  every  charge,  the  quantity  made  must  be  very 
)mpared  with  the  small  amount  which  can  be  made  to  stick  to 
)y  so  haphazard  a  practice  going  on  continuously.  Our  practice 
the  shells  when  the  lines  of  brickwork  can  be  seen  through  the 
ng.  And,  when  a  shell  is  being  coated,  no  attempt  is  made 
rthing  with  the  matte  other  than  form  the  coating.  When 
e  magnetite  and  copper  mush  is  dumped  on  the  floor  under  the 
r  it  is  charged  in  small  quantities  at  intervals  in  other  charges, 
ited,  a  shell  is  never  blown  without  a  large  excess  of  silica, 
siliceous  ore  is  used  for  flux,  350  lb.  of  80  per  cent,  silica  is  used 
ite  the  final  slag  on  the  copper  finish,  to  insure  the  removal  of 
aces  of  iron  from  the  copper  with  the  more  active  silica.    Since 
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this  quartz,  with  any  magnetite  which  it  has  collected,  remains  in  the 
converter  for  the  next  charge,  the  magnetite  is  in  contact  with  the 
quartz  particles  from  the  start  of  the  blow. 

The  converting  division  is  equipped  with  five  12-ft.  Great  Falls-type 
shells  lined  with  magnesite  brick;  three  converter  stands,  each  operated 
by  an  independent  motor  (the  fourth  stand  is  under  construction); 
two  40-ton  cranes;  two  straight-line  casting  machines,  each  with  39 
copper  molds.  Two  stands  are  regularly  used,  for  which  air  at  13  lb, 
pressure  is  supplied  from  power  house  by  two  of  three  Nordberg  blowing 
engines. 

When  converting  matte  of  over  40  per  cent,  copper,  only  a  small 
amount  of  cold  matte  shells  and  cleanings  from  the  floor  can  be  used;  but 
with  lower-grade  matte,  all  matte  shells,  converter  flue  dust,  and  any 
converter  byproducts  made  except  converter-slag  skulls  can  be  handled 
in  this  division. 

Molten  copper  is  transferred  from  converters  to  casting  machines 
in  cast-steel  ladles  lined  with  fines  screened  from  ores  regularly  used  as 
converter  fluxes.  Bars  are  cast  in  molds  made  of  converter  copper. 
A  IJ^-in.  cast-iron  splash  plate  covers  half  of  the  bottom  area,  and  an 
average  of  73  tons  of  bullion  is  cast  per  mold.  Bars  weigh  240  lb.  each 
and  35  min.  is  required  for  casting  a  charge  weighing  7  tons.  Considerable 
chipping  of  bullion  bars  is  necessary  to  remove  edges  and  fine  shot  due  to 
blowing  to  gas  finish  of  99.60  per  cent,  copper. 

Comparison   of  One-Month  Periods  with    One  and   Two  Reverberatory 

Furnaces  in  Operation 


RoMter  DiviflioD 


One  Re- 
verberatory 


Total  tons  dry  charge  roasted 14,257.0 

Dry  tons  charge  per  fumaoe-day  running  time 

Analysis  of  charge: 

SiOty  per  cent 

AlsOi,  per  cent 

Fe,  per  cent 

CaO,  per  cent. 

S,  per  cent 

Cu,  per  cent 

Oxygen  ratio 

Analysis  of  calcine: 

SiOi,  per  cent 

S,  per  cent 

Cu,  per  cent 

Weight  of  calcine  produced  as  per  cent,  of  dry  charge 

Units  sulphur  eliminated 

Pounds  coal  used  per  ton  of  roaster  charge 

Waste-gas  temperature 


78.4 

17.3 
4.7 

28.2 
1.6 

28.8 

13.61 
1.33 

20.0 
13.8 
15.70 
86.7 
15.0 
4.2 
428.0 


Two  Re- 
verberatorie 


17,235.0 
73.9 

19.8 
4.6 

24.3 
6.4 

24.5 

12.08 
1.44 

22.0 
13.8 
13.44 
89.9 
10.7 
14.2 
396.0 
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Reverberatory  Division 


One  Re- 
verberatory 


Two  ne- 
ver beratoriee 


rect  charge  per  furnace-day 

tling  per  furnace-day  (ores) 

tling  per  furnace-day  (byproduct) . 


402.5 
84.9 
25.0 


262.7 
65.7 
38.7 


si  solid  charge  smelted  per  furnace-day . 

fettling  to  total  solid  charge 

lirect  charge: 

cent 


cent. 

int 

cent. . 
t 


512.4 

367.1 

21.45 

28.3 

19.8 

21.7 

5.4 

4.9 

32.3 

26.6 

2.3 

7.7 

mi 

tio 

ettling  (ores  and  byproducts) : 

cent 

cent 

int 

cent -. . . . 

it 


mt 

,tio 

ot  converter  slag  to  reverberatories . 

■everberatory  slag: 

cent 

cent 

cent 

cent 

cent 

snt 


tio 

natte,  per  cent.  Cu 

ittefall 

phur  volatilised  in  furnace 

led  per  ton  solid  charge  smelted . 
led  chargeable  to  steam 


13.7 

15.55 

1.32 

38.8 
7.6 

23.4 
1.7 
9.1 
6.65 
3.36 
2,419.0 

35.6 
9.7 
49.7 
2.4 
0.6 
0.51 
2.04 
37.43 
31.68 
24.14 
0.653 
0.315 


13.6 
13.24 
1.41 

39.5 
8.0 

25.5 
4.0 
3.0 
5.52 
2.93 
2,862.0 

38.0 
9.0 
39.4 
8.4 
1.5 
0.45 
2.06 
37.70 
27.1 
25.7 
0.778 
0.349 


Led  account  smelting. 


0.338 


0.429 


companying  2  months'  results  were  selected  for  comparison, 
ey  show  the  extreme  variation  in  the  material  treated  in  this 
t.  Limited  storage  capacity  at  the  smelter  required  two  fur- 
B  operated  a  part  of  the  time  to  handle  receipts.  Additional 
ded  for  the  month  that  two  reverberatories  were  operated  was 
of  siliceous  oxidized  ores  and  limerock,  and  represents  a  tem- 
idition.  The  concentrator  additions,  now  almost  finished,  will 
ire  supply  sufficient  concentrates  to  make  the  proportions  of 
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total  material  treated  fall  somewhere  within  the  percentage  limits  given 
in  the  examples. 


ConYerter  DiyUion 


One  Re- 
▼erberatory 


Two  Re- 
Yerberatoriec 


Tona  reverberatory  net  matte  treated 5,293.0 


I 


5,903.0 

37.70 
1,356.0 


Per  cent.  Cu  in  reverberatory  net  matte  treated 37 .  43 

Tons  siliceous  ore  used  for  flux 820.0 

Analysis  of  siliceous  ore  used: 

SiOi,  per  cent 64.5  65.3 

AliO,,  per  cent 10.6  11.6 

Fe,  per  cent 5.2  5.7 

CaO,  per  cent 0.2  0.6 

S,  per  cent 0.5  1.7 

Cu,  per  cent 6.45  4.29 

Oxygen  ratio 25.30  22.65 

Analysis  of  converter  slag  produced,  per  cent.  SiOs 19.6  19.6 

Tons  copper  bullion  produced 1,800.0  2,450.0 

Cu  in  bullion,  per  cent 99.60  99.55 

Tons  copper  produced  per  converter-Kiay  running  time 43 . 9  51 .4 

Minutes  blowing  per  ton  copper 33.0  28.0 

Average  tons  bullion  per  charge 6.429  8.524 

Average  time  of  blowing  a  charge 3  hr.  54  min.  3  hr.  59  min. 

Tons  cold  new  material  treated  per  ton  bullion 0.462|  0.592 

Tons  cold  byproduct  re-treated  at  converters  per  ton  | 

bullion 0.849'  0.577 

Blast,  pounds  pressure 13.0  13.0 

Cu.  ft.  air  per  converter  per  minute 6,738.0  5,445.0 

Cu.  ft.  air  per  ton  bullion  produced 220,949.0      152,499.0 

Cu.  ft.  air  per  ton  iron  and  sulphur  eliminated 135,043.0  96,145.0 

Oxygen  efficiency,  calculated  from  blower  displacement  andi 

requirements  of  Fe  and  S  eliminated j  60.63  per  84.09  per 

cent.  cent. 
Total  Material  TreaUd—AU  Divisions 

Dry  tons  concentrates 13,227.0  13,360.0 

Dry  tons  ores i  4,069.0  7,303.0 

Dry  tons  limerock 391 .0  2,130.0 


Dry  tons  new  material,  total • 17,687.0 


Dry  tons  byproducts  treated  at  reverberatories . 
Concentrates,  per  cent,  of  total  new  material  treated. 

Ores,  per  cent,  of  total  new  material  treated 

Limerock,  per  cent,  of  total  new  material  treated 


924.0 
74.78  ; 
23.01  { 
2.21 


22,793.0 
♦2,317.0 
58.62 
32.04 
9.34 


I 


*  Including  reverb,  slag  skulls. 


Boiler  Plant 


There  are  10  Stirling  boilers,  three  384-hp.  direct-fired,  and  seven 
712-hp.  waste-heat.  Water  is  measured  in  total  and  also  separately 
to  the  two  sets  of  boilers.     Oil  is  measured  to  the  direct-fired  boilers. 
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All  boilers  contain  Foster  superheaters,  and  deliver  steam  to  the  mains 
at  175  lb.  pressure.  The  temperature  of  steam  delivered  at  the  power 
house  is  about  475®  F.  The  temperature  of  the  waste  gases  leaving  the 
boilers  varies  between  471°  to  588°  F.,  depending  upon  the  furnace  prac- 
tice and  the  number  of  boilers  in  service.  The  gases  from  one  furnace 
practice  are  passed  through  five  boilers.  When  two  furnaces  are  in  com- 
mission, six  or  seven  boilers  are  used. 

When  smelting  in  one  furnace,  three  direct-fired  boilers'^  are  in  con- 
tinuous service  to  supply  the  power  requirements,  but  the  night  load  is 
light,  therefore  the  boiler  efficiency  is  low.  The  pounds  of  water  evapor- 
ated per  pound  of  oil  averaged  11.98  over  a  period  of  8  months.  The  oil 
averages  around  15°  B6.  and  18,200  B.t.u. 

With  two  furnaces  in  operation,  there  is  sufficient  waste  heat  to 
generate  all  steam  requirements  for  the  night  load,  but  oil  must  be  used 
to  carry  the  day  load.  Under  these  conditions,  rather  than  keep  the  oil- 
fired  boilers  under  steam  over  night,  the  three  oil-fired  boilers  are  not 
used.  Instead,  oil  is  burned  under  the  waste-heat  boilers.  The  oil  so 
burned  is  measured  and  credited  with  evaporating  11.98  lb.  of  water,  in 
the  same  manner  as  under  oil-fired  boilers  on  a  one-furnace  basis. 

The  net  steam  delivered  to  the  power-house  engines  is  credited  to  the 
boiler  plant.  Steam  used  in  heating  and  atomizing  oil  and  for  other 
miscellaneous  purposes,  as  well  as  steam  wasted,  is  absorbed  in  the 
furnace-oil  costs. 

Under  one-furnace  conditions,  the  waste-heat  boilers  averaged  over  a 
period  of  8  months,  7.71  lb.  of  water  evaporated  per  pound  of  oil  burned 
in  the  furnace. 

The  furnace-boiler  division  receives  credit  from  the  power  house 
varying  from  36  to  56  per  cent,  of  the  oil  burned  in  the  smelting  furnace. 

The  indicated  horsepower  from  the  waste-heat  boilers,  per  ton  of 
solid  charge  smelted  on  a  one-furnace  basis  over  a  period  of  9  months 
averaged  98.71  i.hp.-hr.  whereas  on  a  two-furnace  basis,  over  a  period 
of  7  months,  the  average  was  114.34  i.hp.-hr.  from  'waste  heat  only. 
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Smelter  Power 


Diviaiona 

Kilowatt-houn 

Eilowatt-boun 
per  Ton  New  Material 

One                    Two 
Furnace             Furnaoea 

One 
Furnace 

Two 
Furnaces 

Sampling: 

Receiving,  high-pressure  air  con- 
verted to  kw.-hr 

1,813 

10,501 

1,146 

3,819 

22,576 

2,590 

21,548 

2,351 

7,836 

22,843 

0.10 
0.59 
0.06 
0.22 
1.28 

0.11 

Crushing,  electric ' 

0.95 

SftTnplipg,  electric. . . ,      r 

0.10 

Beddins.  electric 

0  34 

1  00 

Total 

39,855 

57,168 

2.25 

2.50 

Roasting: 

Roaster  furnaces,  electric 

Calcine  cars,  electric 

7,692 
3,140 

7,495 
5,093 

0.43 
0.18 

0.33 
0.22 

Total * 

10,832 

12,588 

0.61 

0.55 

Reverberatories: 

Reverb,  furnaces,  electric 

Reverb,  furnaces,  high-pressure 

air  converted  to  kw.-hr 

Reverb,   furnaces,    low-pressure 

air  converted  to  kw.-hr 

Slag  railway,  electric 

3,013 

453 

37,339 
4,420 

1,813 

31,220 

4,030 

3,303 

647 

72,774 
10,451 

2,590 

20,553 

2,009 

0.17 

0.03 

2.11 
0.25 

0.10 
1.77 
0.23 

0.14 

0.03 

3.19 
0.46 

Boilers,  high-pressure   air   con- 
verted to  kw.-hr 

0.11 

Boiler  feed-water  pumps,  electric 
Oil  DumDs.  electric 

0.90 
0.09 

Total 

82,288 

112,327 

4.66 

4.92 

Converting: 

Converters,  electric 

5,263 

218,235 

22,790 

2,340 

5,674 

206,802 

19,635 

2,920 

0.30 

12.34 
1.29 
0.13 

0.25 

Converters,  low-pressure  air  con- 
verted to  kw.-hr. 

Cranes,  electric 

9.07 
0.86 

Bullion  casting  machines,  electric 

0.13 

Total 

248,628 

235,031 

14.06 

10.31 

General  Worke: 

River  well,  electric 

6,760 

2,900 

4,986 
1,313 
2,807 

8,001 

2,730 

7,122 
1,439 
3,077 

0.38 

0.16 

0.28 
0.07 
0.16 

1.05 

0.35 

Boiler     and     machine     shops, 
electric 

0.12 

Boiler  and  machine  shops,  high- 
pressure  air  converted  to  kw.-hr. 
Yards,  electric 

0.31 
0.06 

Laboratorv.  electric 

0.13 

Total 

18,766 

22,369 

0.97 

Total,  all  divisions 

400,369 

439,483 

22.63 

19.25 

Dry  tons  new  material  treated. . 

17,687 

22,793edb 
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[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Arisona  meeting,  September,  1016,  when  an  abstract  of  the  paj^r  will  be  read.  If  this  is  im- 
poanble.  then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers, 
29  Weet  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1,  1916.  Atky 
discussion  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Leaching  Tests  at  New  Cornelia 

BT  H.    W.  MOBSE,  PH.  D.,  LOS  ANGELES,   GAL./  AND  Ht  A.  TOBELMANN^f  AJO,  ARIZONA 
(Arisona  Meeting,  September,  1916) 

INTRODUCTION 

The  experimental  work  on  the  oxidized  copper  ore  at  the  New 
Cornelia  mine  at  Ajo,  Ariz.,  ended  on  Jan.  12,  1916.  On  that  date  final 
decision  was  made  on  the  general  nature  of  the  process  to  be  used  in 
the  5,000-ton  leaching  plant,  and  on  many  of  the  details,  as  far  as  ex- 
perience on  a40-ton  scale  could  decide  them. 

With  the  approval  of  the  Board  of  Directors  and  the  General  Manager, 
John  C.  Greenway,  we  have  compiled  what  seem  to  be  the  most  interest- 
ing data  on  the  results  obtained  during  the  experimental  period.  The 
most  important  part  of  the  data  resulted  from  the  operation  of  a  1-ton 
and  a  40-ton  plant  at  Ajo. 

Experimental  work  on  Cornelia  oxidized  ore  dates  back  to  April,  1912, 
and  has  been  going  on  nearly  continuously  since  that  time.  A  good 
many  variations  from  the  original  idea  have  been  tried,  but  the  process 
finally  decided  upon  is  in  principle  and  in  all  of  its  details  a  simple  one. 

The  history  of  the  leaching  work  on  this  ore  has  been  brought  down  to 
about  a  year  ago  in  papers  presented  to  this  Institute  by  Stuart  Croasdale^ 
and  Dr.  L.  D.  Ricketts.^  The  present  paper  will,  therefore,  deal  principally 
with  the  results  obtained  during  th^  last  year  of  the  work. 

Preliminary  Tests  by  Mr.  Croasdalb 

Preliminary  tests  were  begun  by  Stuart  Croasdale  in  July,  1912. 
A  number  of  important  points  were  definitely  decided  by  his  work. 
Among  these  were: 

1.  New  Cornelia  oxidized  ore,  not  very  finely  crushed  (to  about  2- 
to  3-mesh)  showed  good  extraction  with  5  per  cent,  sulphuric  acid.  It 
appeared  that  better  than  80  per  cent,  extraction  could  be  expected. 

2.  The  consumption  of  acid  for  this  extraction  was  not  prohibitive. 
It  was  apparently  3.5  to  4  lb.  gross  per  pound  of  copper  recovered. 

♦  Research  Engineer,  Western  Precipitation  Co. 
t  Metallurgist,  New  Cornelia  Copper  Co. 

^Leaching  Experiments  on  the  Ajo  Ores,  Trans. j  vol.  49,  p.  610. 

*  Some  Problems  in  Copper  Leaching,  Trans, ,  vol.  52,  p.  737. 
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3.  It  was  proposed  to  make  cement  copper.  The  iron  consumption 
per  pound  of  copper  recovered  was  a  little  over  1  lb. 

4.  A  column  12  ft.  deep  of  ore  crushed  to  this  fineness  could  be 
successfully  percolated. 

During  Mr.  Croasdale's  work  the  plan  in  view  was  aVery  simple  one 
indeed.  The  ore  was  to  be  leached  with  sulphuric  acid.  Cement 
copper  was  to  be  produced  by  the  use  of  metallic  iron.  As  Dr.  Ricketts 
explained  to  the  Institute  nearly  2  years  ago,  the  oxidized  Ck)rnelia  ore 
could  apparently  be  leached  and  cement  copper  produced  at  a  profit, 
if  sulphuric  acid  and  scrap  iron  were  bought  in  the  open  market  and 
shipped  to  Ajo,  and  cement  copper  shipped  out,  all  solutions  being  thrown 
away  after  removal  of  the  copper. 

Mr.  Croasdale  showed  also  that  the  amount  of  substances  other  than 
copper,  taken  into  solution  under  his  conditions  of  crushing  and  leaching, 
is  small.  This  naturally  suggested  the  possibility  of  a  closed  leaching 
cycle  with  electrolytic  deposition  and  at  least  partial  regeneration  of  the 
acid  required  for  solution  of  the  copper.  Early  experiments  showed  that 
iron,  which  is  dissolved  from  the  ore  to  a  certain  extent,  and  oxidized  at 
the  anode  during  electrolysis,  was  a  troublesome  factor. 

There  seemed  to  be  three  possible  ways  of  meeting  this  difficulty: 
(1)  The  use  of  a  diaphragm;  (2)  the  use  of  a  depolarizer;  (3)  piu*ification 
from  iron  before  electrolysis. 

Antisell  Process 

About  this  time  there  came  to  the  notice  of  the  manager  good  results 
that  were  being  obtained  with  a  special  anode,  the  invention  of  F.  L. 
Antisell.  This  anode  was  in  the  form  of  a  long,  deep,  narrow  box  with 
wood  veneer  sides,  containing  graphite  electrodes  and  having  the  space 
between  graphite  and  wood  filled  with  selected  coke. 

A  cyclic  process  was  tried  with  these  anodes.  Ore  crushed  to  4- 
mesh  was  leached  3  days  by  upward  percolation,  with  a  practically  con- 
stant solution  containing  3  per  cent.  H2SO4,  2  per  cent,  ferrous  iron,  0.5 
per  cent,  ferric  iron  and  2  per  cent.  AlaOj.  Sulphur  dioxide  gas  was  used 
to  keep  down  the  ferric  iron  concentration. 

The  process  gave  good  results.  The  anode  was,  however,  rather 
cumbersome  and  the  absorption  of  the  sulphur  dioxide  was  not  satis- 
factory, presumably  owing  to  the  rather  high  acid  content  of  the 
solution. 

The  following  is  a  summary  of  average  results  obtained  by  the  Antisell 
Process:  Tons  of  ore  leached,  75;  heads,  1.68  per  cent.  Cu;  extraction, 
77.6  per  cent.;  current  density,  6.54  amp.  per  square  foot;  voltage,  1.23; 
production  of  copper,  1.72  lb.  per  kilowatt-hour;  H2SO4  in  solution, 
2.73;  sulphur  per  pound  of  copper,  1.06  lb.;  total  days  run,  40.2;  total 
cathodes  produced,  803  lb. 
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Process  op  Pope  and  Hahn 

While  these  tests  were  bein^  carried  on,  another  process  was  being 
developed  at  Rari^an  by  F.  A.  Pope  and  A.  W.  Hahn.  The  Antisell 
idea  was  in  a  sense  a  combination  of  diaphragm  and  depolarizer,  without 
any  attempt  to  remove  the  iron.  Pope  and  Hahn  planned  to  remove 
the  iron  (and  most  of  the  other  impurities  as  well)  before  sending  solution 
to  be  electrolyzed. 

Their  process  was  cycUc.  Ore  crushed  to  4-mesh  was  leached  for  3 
days  with  dilute  sulphuric  acid,  the  counter-ciurent  leach  being  so  dis- 
tributed as  to  permit  of  drawing  off  two  classes  of  solution — one  high  in 
iron,  the  other  low.  The  high  iron  solution  was  heated  to  about  200°  F. 
with  the  addition  of  the  requisite  amount  of  finely  ground  (90  per  cent. 
through  200-mesh)  copper  oxide  in  the  form  of  roasted  ore.  The  mixture 
of  solution  and  oxides  was  agitated  for  3  or  4  hr.  and  then  put  through  a 
filter  press.  The  result  was  the  removal  of  nearly  90  per  cent,  of  the  total 
iron  and  70  to  80  per  cent,  of  the  alumina  from  solution.  An  electrolyte 
high  in  copper  and  low  in  all  impurities  was  produced  and  the  precipi- 
tate, as  filter  cake,  was  granular  and  easy  to  wash  and  handle. 

The  other  portion  of  the  leaching  solution,  low  in  iron,  was  electrolyzed 
and  returned  to  the  cycle  until  its  iron  content  was  high  enough  to  require 
purification. 

Restilts  of  the  Pope-Hahn  process  were  very  satisfactory,  but  the 
plant  had  hardly  started  when  the  war  broke  out  and  all  experimental 
work  was  stopped.  The  following  summary  will  indicate  the  results 
obtained:  Ore  leached,  329  tons,  10  charges;  average  copper  heads, 
1.12  per  cent.;  copper  tails,  0.30  per  cent.;  water,  tails,  9  per  cent.;  copper 
per  kilowatt-hoiu-,  1.0  lb.  About  40  lb.  of  roasted  Miami  concentrate 
per  ton  of  ore  handled  took  care  of  impurities;  92  per  cent,  of  the  copper 
in  the  concentrate  was  recovered. 

Working  the  Pope-Hahn  process  would  have  required  the  installation 
of  roasting  plant,  fine-crushing  plant,  agitators  and  filter  presses  and  the 
purchase  of  high-grade  sulphide  ore  or  concentrates.  It  offered  decided 
advantages,  among  them  a  practically  pure  solution  for  electrolysis, 
together  with  the  regeneration  of  a  high  percentage  of  the  acid  necessary 
for  leaching. 

Greenway  Process 

Before  the  study  of  the  effect  of  impurities  had  progressed  very  far, 
an  interesting'  fact  was  noticed.  If  neutral  solution  from  the  leaching 
system  was  circulated  through  fresh  ore,  a  large  part  of  the  iron  in  solu- 
tion was  precipitated,  presumably  as  a  basic  sulphate.  This  basic  sul- 
phate was  apparently  not  readily  soluble  in  a  solution  containing  more 
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acid.  A  possible  method  of  purification  from  iron  seemed  to  be  indi- 
cated and  the  results  of  small-scale  tests  were  so  encouraging  that  a  1-ton 
plant  was  built.  In  the  first  tests,  ore  cnlshed  to  about  }4  ui.  was  leached 
for  6  days.  The  oldest  charge  of  ore  was  in  contact  with  fresh  leach  from 
the  electrolytic  cells.  This  leach  carried  about  3  per  cent,  of  free  HjSO*. 
Solution  passed  in  counter-current  through  six  tanks  containing  ore,  and 
the  acid  of  the  leach  was  neutralized  by  the  time  it  reached  the  fourth 
or  fifth  tank.  In  the  last  two  tanks  a  neutral  solution  was  in  contact  with 
fresh  ore  and  here  the  iron  was  deposited. 

The  results  obtained  will  be  evident  from  the  data  of  Table  2.  The 
ferric  iron  was  under  good  control  for  more  than  100  complete  cycles. 

Table  1. — Analysis  of  Average  Cornelia  Oxidized  Ore 

Per  Cent. 

SiO, : 65.7 

AljO, 15.3 

Fe  total 4.5 

CaO 0.6 

MgO : 1.6 

MnO 0.14 

Cu 1 .50 

Oi.  per  Ton 

Au 0.005 

Ag 0.20 

Per  Cent. 

NaO 3.6 

K2O 4.6 

PjOfi 0.3 

CI trace 

CO, 1.3 

99.04 
At  this  time  it. was  already  practically  settled: 

1.  That  a  good  extraction  could  be  obtained  with  dilute  sulphuric 
acid. 

2.  That  the  acid  consumption  was  not  prohibitive. 

3.  That  electrolytic  copper  could  be  produced  successfully. 

There  remained,  however,  some  important  problems  to  be  solved. 
Among  these  were: 

1.  Crushing;  from  two  points  of  view:  (1)  for  percolation  in  a  deep 
bed;  (2)  for  extraction. 

2.  Further  study  of  the  fouling  of  the  solution,  including  the  general 
accumulation  of  soluble  salts,  but  especially  those  which  might  affect 
extraction  or  power  efficiency  in  electrolysis. 

3.  Circulation  and  general  handling  on  a  small  commercial  scale. 

4.  Any  factors  other  than  those  under  (2),  which  might  afifect  elec- 
trolysis itself  or  the  quality  of  copper  produced. 
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The  1-ton  plant  was  therefore  continued  in  operation  and  a  plant  t 
handle  40  tons  of  ore  per  day  was  built. 

It  is  fortunate  that  this  larger  unit  was  built,  for  a  good  many  thinj 
that  had  seemed  easy  to  do  in  the  1-ton  plant  refused  to  work  at  all  i 
the  40-ton.  Fouling  by  iron  and  aluminum  salts  kept  on  increasing,  th 
ferric-iron  content  of  the  solution  rose  to  a  point  where  the  ampere  efi 
ciency  in  electrolysis  was  poor,  and  various  undesirable  phenomen 
appeared. 

So  the  40-ton  plant  was  kept  in  continuous  operation  for  nearly 
year  and  all  the  factors  that  had  been  studied  in  the  1-ton  plant  wei 
taken  up,  one  at  a  time,  and  worked  over  again  until  finally  it  seemed  tha 
they  could  all  be  brought  under  complete  control. 

Final  Leaching  Process 

The  final  process  decided  upon  was  as  follows:  Ore  crushed  to  abou 
4-mesh;  leached  8  full  days  by  counter-current;  washed  with  thre 
counter-current  wash  waters  (or  possibly  four);  solution,  practical! 
neutral  during  last  2  days  of  contact  with  ore,  is  sent  through  reductio 
towers,  where  it  meets  sulphur  dioxide  in  counter-current.  The  ferri 
iron  is  thus  reduced  to  below  0.4  per  cent.  Thence  it  goes  through 
revolving  tumbler  in  contact  with  cement  copper.  There  the  ferric  iro 
is  still  further  reduced  and  a  corresponding  amount  of  cement  coppc 
passes  into  solution.  From  the  cement-copper  tumbler  the  solutio 
passes  to  a  settling  pond  and  then  into  the  electrolytic  cells,  where  a  pai 
of  the  copper  is  removed;  then  back  into  the  leaching  system,  passin 
first  through  the  oldest  ore  which  has  already  been  leaching  for  7  day 
and  so  on  to  begin  the  cycle  again. 

Important  Factors 

In  a  cyclic  process  such  as  this,  no  single  factor  or  step  can  be  said  1 
be  the  most  important.  We  can,  however,  consider  a  Ust  of  those  factoi 
that  were  studied  with  especial  attention  and  can  offer  definite  figur< 
on  the  results  to  be  expected. 

Extraction 

Both  in  the  1-ton  and  the  40-ton  plants,  it  was  easy  to  obtain  80  p 
cent,  extraction,  using  about  3  per  cent,  sulphuric  acid  and  8  days  ( 
counter-current  leaching  by  upward  percolation  on  4-mesh  materifi 
An  extraction  of  83  per  cent,  was  reached  over  considerable  periods 
time.  The  continuous  attainment  of  this  figure  was  limited  by  oth 
factors  than  the  nature  of  the  ore  or  the  size  to  which  it  was  crushed,  su( 
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as  the  fouling  of  solution,  with  the  result  that  salts  carrying  copper 
actually  crystallized  in  the  ore  in  the  leaching  tanks  and  were  not 
completely  dissolved  by  washing. 

Incomplete  washing  was,  of  course,  another  reason  for  low  extrac- 
tion under  otherwise  normal  conditions,  and  the  possibility  of  improve- 
ment in  this  point  is  clearly  shown  by  the  wash-water  data  of  Table  6. 

Keeping  well  within  the  time  limit  for  washing  set  by  the  fixed  cycle, 
it  should  apparently  be  possible  to  get  an  extraction  of  82  per  cent,  or 
better. 

Acid  Consumption 

The  1-ton  plant,  over  its  whole  life  of  413  cycles  and  under  all  sorts  of 
favorable  and  unfavorable  conditions,  showed  a  net  consumption  of  1.65 
lb.  of  100  per  cent.  H2SO4  per  pound  of  copper  leached.  This  was  some- 
what lower  than  the  figures  given  by  the  preliminary  tests  on  the  ore. 

The  40-ton  plant  apparently  did  not  do  so  well.  During  its  301 
cycles,  the  average  net  consumption  was  2.8  lb.  of  acid  per  pound  of 
copper  leached.  The  diJBFerence  in  favor  of  the  1-ton  plant  is  probably 
due  to  the  large  leakage  and  general  losses  in  the  40-ton  plant. 

In  designing  the  plant  which  is  now  being  built  at  Douglas  to  furnish 
acid  for  Cornelia,  3  lb.  has  been  taken  as  a  conservative  figure  for  acid 
consumption. 

Power  Consumption  for  Electrolysis 

In  the  1-ton  plant,  with  lead  anodes,  the  average  was  0.934  lb.  copper 
per  kilowatt-hour  at  8  amp.  per  square  foot  of  cathode  surface.  This  was 
for  all  the  conditions,  good  and  bad,  under  which  the  plant  was  operated. 
With  graphite  anodes,  also  under  all  sorts  of  conditions,  the  figure  was 
2  lb.  copper  per  kilowatt-hour  at  8.5  amp.  per  square  foot. 

In  the  40-ton  plant,  with  lead  anodes,  at  an  average  current  density 
of  6.9  amp.  per  square  foot,  the  average  production  under  all  conditions 
was  0.87  lb.  copper  per  kilowatt-hour.  With  graphite  anodes,  the  figure 
was  1.65  lb.  It  should  be  said,  however,  that  the  ferric  iron  was  never 
under  proper  control  during  these  tests  with  graphite  in  the  40-ton  plant. 
During  series  VI  of  the  40-ton  plant,  with  current  density  6.4  amp.  per 
square  foot,  the  copper  yield  was  1.04  lb.  per  kilowatt-hour.  This  run 
was  with  lead  anodes  and  under  fair  conditions,  so  far  as  ferric  iron  was 
concerned.  In  the  final  run  with  lead  anodes,  and  with  both  ferric  iron 
and  general  fouling  under  still  better  control,  an  even  higher  figure  was 
obtained. 

Lead  anodes  will  be  used  in  the  big  plant.  The  reasons  for  this  choice 
will  be  given  later. 
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Control  of  Ferric  Iron 

Quite  early  in  the  study  of  the  conditions  for  good  electrolysis  it 
became  evident  that  the  ferric-iron  content  of  solutions  miist  be  kept 
within  a  low  limit.  The  1-ton  plant  took  care  of  itself  over  a  long  period 
of  time,  as  far  as  the  ferric-iron  content  and  the  general  fouling  were  con- 
cerned, without  the  use  of  sulphur  dioxide  or  any  other  outside  reagent. 
Iron  and  alumina  were  apparently  precipitated  on  the  ore. 

The  40-ton  plant  started  oflf  in  the  same  way.  But  before  long  the 
ferric  iron  began  to  go  up  and  the  ampere  efficiency  to  go  down.  This 
is  evident  from  the  table  showing  general  results  on  the  40-ton  plant. 
Series  JI  began  with  fresh  acid  and  lasted  40  days.  During  this  period 
0.99  lb.  Cu  per  kilowatt-hour  was  the  electrolytic  jdeld.  The  current 
efficiency  during  this  period  of  low  ferric  iron  and  clear  solution  was. 
83.3  per  cent.  During  period  III  the  same  solution  was  continued  in 
use,  but  the  ferric  iron  was  not  under  control,  and  kept  increasing.  The 
analysis  of  the  solution  on  July  22,  in  the  middle  of  this  run,  is  shown  in 
column  III  of  Table  4.  The  ferric  iron  content  had  risen  rapidly  from 
0.180  per  cent,  on  June  20  to  1.222  per  cent,  on  July  22.  The  result  was 
that  during  period  III,  the  current  efficiency  was  only  70.8  per  cent,  and 
the  yield  was  0.85  lb.  copper  per  kilowatt-hour.     From  this  time  until  the 


Table  4. — Solution  Analyses 
Second  Period  of  40-Tozi  Plant  Operation  Beginning  with  Charge  91  in  1915 


I 
Per  Cent. 

n 

^20, 
Per  Cent. 

1       III 

1       7-22, 
1  Per  Cent. 

IV 

8-22. 
Per  Cent. 

V 

9-23, 

Per  Cent. 

VI 
Per  Cent. 

Cu 

1.11 

4.03 

0.09 

0.164 

0.145 

0.092 

0.132 

0.023 

0.08 

0.075 

1.100 

2.26 

2.88 

0.176 

0.180 

1.250 

0.090 

0.122' 

0.030 

0.08 

0.084 

1.150 

2.50 

2.56 

0.720 

1.220 

2.730 

0.080 

0.120 

0.030 

0.110 
1.250 

3.39 

3.15 

1.49 

1.07 

3.69 

0.050 

0.150 

0.050 

0.040 
1.370 

3.47 

2.40 

2.14 

0.80 

4.40 

0.120 

0.049 

0.046 

0.130 

0.960 

1.376 

2  95 

HaS04  free 

3  05 

Fe"^-^ 

2  52 

FeSO+++ 

0  239 

Alrf>, 

2  840 

CaO 

0.018 

MgQ 

0.054 

MnO 

0.029 

a 

0.090 

SiO, 

Soecific  sravitv. 

0.096  • 
1  330 

Column  I  gives  solution  analysis  at  beginning  of  a  run,  where  fresh  acid  has 
been  used,  and  before  electrolysis  has  been  started. 

Column  III  is  the  analysis  of  solution  when  reduction  of  ferric  iron  was  begun. 

Column  y  shows  solution  at  maximum  concentration.  Cold  nights  caused  the 
separation  of  a  large  amoimt  of  FeS04,  CuSOii  24H20. 

Column  VI  is  an  analysis  of  solution  under  normal  conditions,  after  "bleeding*' 
regularly  for  about  40  days. 
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end  of  the  experimental  work,  sulphur  dioxide  gas  was  used  regularly  to 
control  the  ferric  iron.  With  lead  anodes  a  low  content  of  ferric  iron  is 
not  necessary.  The  solution  may  contain  0.3  or  0.4  per  cent,  without  any 
marked  effect  on  the  current  efficiency. 

Sulphur  Consumption 

To  maintain  satisfactory  control  of  the  ferric  iron  was,  at  this  point 
in  the  work,  the  greatest  apparent  difficulty.  To  follow  the  course  of  the 
tests  it  will  be  necessary  to  keep  in  mind  both  Tables  3  and  4.  The  first 
of  these  shows  the  conditions  under  which  the  40-ton  plant  was  operating; 
the  latter,  the  analysis  of  the  solution  at  various  times. 

During  period  III,  the  acid  electrolyte  was  circulated  through  a  tower 
about  2  ft.  square,  in  contact  with  sulphur  dioxide.  The  acid  electrolyte 
was  taken  from  the  electrolytic  system  and  returned  to  the  same  system. 
The  weight  of  sulphur  that  could  be  burnt  and  brought  in  contact  with 
solution  as  SO2  was  too  small,  and  the  ferric  iron  kept  on  increasing. 
Under  these  conditions,  we  were  burning  1.5  lb.  sulphur  per  pound  of  ferric 
iron  reduced. 

Series  IV  began  with  only  a  single  change,  but  this  proved  to  be  a 
very  important  one.  The  neutral  advance  from  the  leaching  system  was 
circulated  through  the  SO2  tower  before  entering  the  electrolytic  system. 
Under  these  conditions,  only  0.56  lb.  of  sulphur  was  required  per  pound 
of  ferric  iron  reduced. 

Although  the  small  tower  was  not  of  sufficient  capacity  to  make  con- 
trol easy,  by  Aug.  22  the  ferric  iron  was  on  the  down  grade — 1.07  per  cent, 
as  against  1.22  on  July  22. 

From  this  time  on,  as  long  as  lead  anodes  were  in  use,  the  ferric  iron 
did  not  get  out  of  control,  and  on  Nov.  5  the  solution  showed  only  0.24 
per  cent,  of  this  troublesome  substance.  The  results  with  graphite 
anodes  will  be  considered  later. 

Fouling  of  Solution  • 

In  the  40-ton  plant  the  entire  solution  began  to  foul  badly  aft«r  about 
100  charges  had  been  leached.  The  cooler  weather  was  beginning  at  this 
time  and  a  bulky  double  sulphate  of  iron  and  copper  crystallized  out 
through  the  ore  in  the  leaching  tanks  and  plugged  all  the  pipes  and 
launders.  To  remedy  this,  a  portion  of  nearly  neutral  solution  was 
drawn  oflF  continuously  from  the  leaching  system  and  passed  over  scrap 
iron,  making  cement-copper.  It  was  found  that  treating  1  per  cent,  of 
the  total  bulk  of  solution  each  day  would  maintain  the  fouling  at  a  con- 
stant low  point  where  it  could  cause  no  trouble.  Columns  V  and  VI 
of  Table  4  show  the  effect  of  this  "bleeding"  of  solution. 
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it-copper  so  produced  was  returned  to  a  wooden  tumbler 
e  on  the  way  to  the  cells  passed  through  it.  Ferric  iron  is 
Tous  in  this  way  and  copper  passes  back  into  solution, 
se  conditions  only  electrolytic  copper  is  produced  and  at 
1  the  control  of  the  ferric  iron  is  aided  considerably.  In  the 
it  was  apparently  necessary  to  send  about  12  per  cent,  of 
)er  through  this  side  cycle  and  back  into  the  main  one,  to 
etely  the  fouling  materials  introduced  from  the  ore  during 


Grade  of  Copper  Produced 

jopper  produced  direct  from  the  ore  is  the  equal  of  any 

)pper  produced  in  this  country.     Fortunately  the  orebody 

minute  amounts  of  either  arsenic,  antimony  or  bismuth. 

and  the  physical  tests  on  Cornelia  cathodes  will  be  found  in 


Table  5. — Analysis  of  Cornelia  Copper  Cathode 

Top,  Bottom,  Top.  Bottom. 

Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent. 

...     99.900  99.868      S 0.0369  0.0655 

...       0.0186  0.0291     As 0.0013  0.0017 

...       0.0012  0.0019    Sb 0.00095        0.0014 

Physical  Tests  on  Wire  Bars 

«8t 64,500 

Ration 1.9 

.8 36 

te 43 

ivity 100.7 

Size  of  Material.    Percolation 

:  at  Ajo  was  all  done  on  the  product  from  a  Symons  fine 
tout  any  screening  (except  for  tests  on  sized  material).  It 
y  a  4-mesh  product  but  carried  an  average  of  about  30  per 
size.  Extraction  on  this  is  satisfactory  and  while  it  could 
by  finer  crushing,  a  large  percentage  of  the  copper  minerals 
re  planes,  and  no  very  great  profit  would  result, 
luct  is  especially  well  suited  to  upward  percolation  in  a  bed 
•  more.  It  does  not  segregate  nor  channel  badly,  drains  well 
o  wash. 

Circulation  in  the  Leaching  System 

-ton  plant,  each  of  the  eight  active  tanks  had  a  closed  circu- 
rd  through  the  ore,  of  about  80  gal.  per  minute.     This  rate 
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is  probably  much  higher  than  necessary,  but  for  the  experimental  work  i 
was  made  ample  and  retained  as  a  fixed  factor.  Beside  this  closed  circuii 
which  runs  continuously,  a  portion  of  the  solution  from  each  tank  i 
continuously  advanced  to  the  next  tank  in  the  series. 

Fresh  electrolyte  from  the  cells,  low  in  copper  and  of  maximum  aci 
content,  leaves  the  electrolytic  system  and  passes  into  the  leaching  tan 
containing  the  oldest  ore — that  which  has  been  leaching  for  7  dayi 
Practically  neutral  solution,  high  in  copper,  leaves  the  leaching  systei 
at  the  tank  containing  new  ore.  Between  these  two  points,  and  rigidl 
linked  to  them,  is  the  advance  from  tank  to  tank. 


100 


-ATerago  of  290  Tetta  on  B^golar  Head  and 
Tall  Sa-mploa  Oorering  300-Forty*two  Ton 
Cbargea^  Aggregating  12,000  Tom 


14-1^20-20 


FiQ.  1. — Sizing  Tests  on  New  Cornelia  Oxidized  Orb  showing  also  Avbra 
Assays  on  Heads  and  Tails  and  Average  Extractions  on  Sized  Material 


It  is  of  great  importance  to  have  a  practically  neutral  solution  lei 
ing  the  last  leaching  tank  and  starting  back  toward  the  electroly 
system. 

At  the  same  time,  we  want  as  high  an  extraction  as  possible,  wh; 
means  as  many  tanks  as  possible  with  a  fairly  high  acid  conte 
To  attain  both  [these  objects  at  the  same  time  the  advance  from  ta 
to  tank  is  carefully  regulated  so  that  about  six  tanks  of  the  eight  act 
ones  are  acid  practically  all  the  time.  The  two  others  are  neutral  s 
the  point  of  neutrality  of  the  system  just  balances,  varying  possi 
one  tank  in  either  direction  during  24  hr.,  but  returning  to  its  origi 
position. 
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Circulation  in  the  Electrolytic  System 

broljrtic  cells,  together  with  tanks  and  sumps  for  storage,  form 
sed  circuit  from  which  solution  is  bypassed  continuously  into 
system  at  the  same  rate  as  the  advance  from  cell  to  cell.  To 
>d,  coherent  cathodes,  the  circulation  through  the  cells  must 
iater  in  volume  than  the  advance  from  the  leaching  system, 
is  rigidly  fixed  by  the  necessity  for  maintaining  neutral  leach- 
While  the  advance  in  the  40-ton  plant  was  about  12  gal. 
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Copper  Cathodes 

LOW  Sheet  of  5,000-Ton  Plant  op  New  Cornelia  Copper  Co. 

it  was  advantageous  to  circulate  in  the  tank  house  at  rates 
il.  per  minute. 

culation  gives  satisfactory  results  with  lead  anodes,  but 
ite  is  used,  rapid  circulation  alone  is  not  enough  to  give  good 
on  at  the  anode.  Violent  agitation  in  the  electrolytic  tanks 
to  attain  the  lowest  voltage  when  graphite  anodes  are  in  use, 
,s  accomplished  by  blowing  air  through  small  holes  in  lead 
ong  the  bottom  of  the  cell. 
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Lead  vs.  Graphite  Anodes 

In  making  final  decision  on  the  process  to  be  used,  there  were  mar 
mechanical  questions  to  be  settled.  Crushing,  method  of  percolatio 
circulation,  pumps,  structural  materials,  the  handling  of  ore  and  tailini 
and  many  other  points  came  up  for  decision.  Besides  these,  there  we 
some  questions  which  bear  more  directly  on  fundamental  principle 
One  of  these  was  whether  we  should  use  lead  or  graphite  as  material  f< 
anodes. 

Lead  was  in  service  for  over  a  year  and  its  behavior  was  well  unde 
stood.  But  graphite  promised  much  better  results  as  far  as  power  ef 
ciency  is  concerned,  and  also  as  a  means  of  regenerating  a  much  larg 
part  of  the  necessary  acid  for  leaching. 

The  1-ton  plant  gave  most  encouraging  results  with  graphite  over 
period  of  continuous  operation  of  nearly  3  months.  With  a  currei 
density  of  8.5  amp.  per  square  foot,  over  2  lb.  of  copper  per  kilowatt-hoi 
was  produced,  and  during  part  of  this  time  conditions  were  not  goo 
The  ferric  iron  was  not  under  complete  control.  When  all  conditio] 
were  right,  we  made  2.25  to  2.40  lb.  copper  per  kilowatt-hour;  on  son 
days  as  high  as  2.75  lb.  This  was  during  the  warm  weather  at  Ajo,  wh< 
electroljiie  temperatures  held  well  above  105°  F.  The  40-ton  plant  w 
using  the  large  tower  for  reduction  and  the  1-ton  plant  used  the  smj 
one.  The  SO2  used  in  controlling  ferric  iron  was  bypassed  from  i 
main  supply. 

The  1-ton  electrolytic  plant  was  out  of  doors  and  while  the  odor 
SO2  was  strong  in  the  immediate  neighborhood  of  the  cell,  it  was  not  bi 
enough  to  prevent  working  over  it. 

By  the  time  the  graphite  anodes  were  installed  in  the  40-ton  plai 
the  average  electrolyte  temperature  was  only  about  75°  F.  We  coi] 
now  determine  accurately  the  efficiency  of  absorption  and  reduction  ^ 
SO2  (which  we  could  not  do  in  the  1-ton  plant)  and  we  could  also  exami 
carefully  the  circulation  conditions  necessary  to  control  ferric  iron. 

The  problem  now  began  to  look  harder.  As  measured  by  the  prodi 
tion  of  ferric  iron  from  ferrous  in  the  cell,  the  anodic  efficiency  of  graph! 
with  rapid  air  agitation,  is  well  over  100  per  cent.  With  lead  it  is  30 
35  per  cent.  We  had  therefore  to  combat  about  three  times  as  mu 
ferric  iron  per  pound  of  copper  with  graphite  as  with  lead. 

Under  the  existing  temperature  conditions  and  with  the  rapid  circu 
tion  that  was  necessary  in  the  electrolytic  circuit,  the  reduction  efficien 
of  the  SO2  was  only  about  20  per  cent.  We  could  not  control  the  fer 
iron  without  either  allowing  the  electrolyte  to  stand  for  a  good  ma 
hours  between  the  SO2  towers  and  the  cells,  or  else  heating  it  to  ab< 
150°  F.  during  its  passage  from  towers  to  cells. 

The  absorption  of  SO2  in  the  towers  was  perfectly  satisfactory.      I 
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1  used  to  better  advantage  in  the  reduction  of  the  iron  in  the 
V3S  impossible  to  live  in  the  tank  house  without  either  very 
lation  or  a  diver's  outfit.  With  the  violent  air  agitation 
lessary  for  high  power  efficiency,  most  of  the  SOj  which  had 
id  in  the  towers  was  blown  out  in  the  tank  house. 
Bculties  are  by  no  means  insuperable.  Of  more  fundamental 
low  current  efficiency  obtained  with  graphite  and  its  extreme 
toward  ferric  iron.  When  ferric  iron  is  practically  com- 
ved  by  careful  reduction  with  SO2,  graphite  can  be  made  to 
rrent  efficiencies.  But  the  very  slightest  rise  in  ferric-iron 
n  results  in  an  immediate  and  considerable  lowering  in  ampere 
Even  in  oiu*  good  runs  with  graphite  in  the  1-ton  plant,  the 
iency  was  not  much  above  70  per  cent.  With  lead  anodes, 
/  any  particular  attention  to  the  ferric  iron,  which  was 
)r  0.4  per  cent.,  we  often  obtained  current  efficiencies  of  90 
better  over  considerable  periods. 

>e  of  interest  to  state  some  of  the  points  that  enter  into  a 
veen  the  two  kinds  of  anodes: 
rst  cost  of  an  installation  is  about  the  same. 
fe  of  lead  is  known  with  some  accm^acy.     The  life  of  graphite 
;e  is  not  known, 
dvage  value  of  lead  is  high.     With  graphite  it  is  practically 

robable  power  saving  to  be  expected  (graphite  over  lead)  if 
■e  successfully  operated,  is  about  0.6.kw.-hr.  per  pound  of 

than  twice  as  much  acid  is  regenerated  with  graphite  as  with 

ation  must  be  more  rapid  with  graphite. 

ion  during  electrolysis  is  absolutely  necessary  with  graphite. 

olution  must  stand  for  some  time  (probably  16  to  24  hr.) 

to  150®  F.  or  higher,  to  obtain  even  reasonable  SO2  efficiency 

e.     This  is  not  necessary  with  lead  (see  note  under  10). 

larger  towers  are  needed  when  graphite  is  used. 

volume  to  be  pumped  to  the  top  of  the  towers  is  larger  with 

fit  two  statements  contain  the  fact  that  acid  electrolyte  must 
igh  the  towers.  The  iron  content  of  the  solution  in  the  cells 
B  above  0.2  per  cent.,  if  good  efficiency  is  to  be  reached  with 
V^ith  lead  anodes  it  may  go  to  0.4  or  0.5  per  cent,  without 
'  effect  on  power  consumption.  With  lead  it  is  sufficient  to 
iitral  advance  to  the  towers.  With  graphite  not  only  this 
also  a  much  larger  volume  from  the  tank-house  circulation 
be  kept  low  in  ferric  iron  mufet  be  sent.) 
tank  house  for  graphite  must  be  carefully  ventilated.  ^  I 
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12.  The  tank  house  for  graphite  must  be  larger  (about  as  9  to  i 
on  account  of  the  lower  current  efficiency. 

13.  Operation  with  graphite  requires  the  closest  attention  to  ever 
detail  of  reduction,  circulation  and  agitation.     Operation  with  lead 
practically  fool-proof. 

This  last  point  is  probably  the  most  important  of  all.  There  ai 
enough  so-called  "minor"  troubles  about  a  leaching  plant. 

Control  of  Ferric  Iron  in  Add  and  Neutral  Solution 

During  the  periods  when  acid  electrolyte  was  being  sent  to  the  towi 
for  the  reduction  of  ferric  iron  by  sulphur  dioxide,  the  sulphur  efficienc 
was  low.  It  proved  to  be  about  20  to  25  per  cent.  Two  causes  at  lea 
combine  to  produce  this  result:  First,  the  low  solubility  of  SO2  in  aci 
solution,  and  second,  the  slowness  of  the  reduction  reaction  in  aci 
solution.  Neutral  solution  was  sent  to  the  towers  in  later  runs  and  c 
this  the  sulphur  efficiency  reached  75  to  80  per  cent.  That  is  to  say,  ( 
the  actual  weight  of  sulphur  burned  to  SOj,  75  per  cent,  is  utilized  in  tl 
reduction  of  ferric  iron  to  ferrous. 

Worshing  the  Ore 

Each  charge  was  given  three  washes.  The  first  was  the  second  wash  < 
the  preceding  charge;  the  second,  the  third  wash  of  the  preceding  charg 
the  third,  fresh  water.  The  wash  which  had  been  used  three  times  wj 
run  into  the  electrolytic  system.  One  complete  fresh  wash  water  wj 
just  sufficient  to  balance  the  loss  from  the  system  in  the  tailings  and  t 
evaporation. 

The  summarized  wash-water  data  are  given  in  Table  6  for  the  soli 
tion  which  was  started  in  the  40-ton  plant.  May  22,  1915..  The  mo 
significant  thing  in  this  table  is  the  effect  of  fouling  as  shown  in  the  secoi 
column.  While  the  solution  was  fresh,  washing  in  the  prescribed  mannc 
the  extraction  was  81.1  per  cent,  and  soluble  copper  left  in  the  tailinj 
was  0.045  per  cent.  When  the  solution  became  foul,  even  though  a  litt 
more  fresh  water  was  used,  extraction  dropped  to  73.5  per  cent,  and  tl 
soluble  copper  in  the  tailings  was  0.103  per  cent.  Later,  when  foulii 
was  being  reduced  by  "bleeding"  and  additional  wash  water  could  be  us< 
in  the  same  cycle,  the  extraction  rose  to  83  per  cent,  and  the  solyb 
copper  in  the  tails  dropped  to  0.033  per  cent. 

It  is  of  course  possible  to  wash  tailings  with  extra  water,  passing  th 
over  scrap  iron  and  making  cement-copper,  and  this  should  naturally  1 
done  until  the  expense  of  operation  balances  the  value  of  the  recoven 
copper.  The  experiments  at  Cornelia  were  carried  no  further  than 
shown  in  this  table. 

AU  the  experimental  work  in  the  40-ton  plant  was  carried  out  durii 
continuous  operation,  so  that  the  result  should  correspond  as  closely 
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I  commercial  conditions.  The  regular  tonnage  was  crushed 
charged  into  the  leaching  tank.  Tailings  were  removed,  and 
advance,  washing,  electrolysis  and  reduction  carried  on  with- 
Any  fchange  in  operation  was  carried  on  for  at  least  a  week, 
or  10  days.  If  the  change  promised  to  give  improved  results, 
ixed  part  of  the  regular  operating  routine  and  the  next  point 
study. 

Table  6,— Wash-Water  Data 


rges  Covered  by  Period 


at^d 

;r  in  the  heads 

;r  in  the  tailings 

ction 

iT  in  washed  tailings 

faction   if  tailings  had   been 


No.<91  to 

No.  170, 

May  22  to 

Aug.  20 


No.  171  to 
No.  205, 

Aug.  21  to 
Sept.  25 


No.  206  to 
No.  301. 

Sept.  26  to 
Jan.  10 


ire  in  tailings 

sr  of  washes i 

aew  water  used  per  ton  of  ore 

led  in  tailings  per  ton  tailings 

unted  for  per  ton  of  ore  leached, 

on  and  leakage,  etc 

tion  bled  per  ton  ore 

r  of  8th  day  solution 

r  of  last  wash 


nt.  copper  in  first  wash 

nt.  copper  in  second  wash. .,. . . 

nt.  copper  in  third  wash 

nt.  H|SO«  in  third  wash 

copper  per  ton  tailings 

;tion  if  one  more  wash  had  been 
of  this  soluble  copper  had  been 
er  cent I 


83.3 


3,376 

1,435 

4,051 

1.278 

1.282 

1.331 

0.240 

0.342 

0.237 

81.1 

73.5 

83.0 

0.195 

0.239 

0.204 

84.7 

81.3 

85.3 

10.52 

9.57 

9.65 

3 

3 

3 

40.6 

42.2 

59.1 

24.2 

21.2 

21.8 

16.4 

21.0 

12.1 

•  None 

None 

25.2 

1.100- 

1.290- 

1.400 

1.290 

1.400 

1.300 

1.050- 

1.060 

1.150 

1.060 

1.150 

1.050 

1.66 

2.96 

2.25 

1.17 

2.17 

1.45 

0.61 

1.25 

0.67 

0.35 

0.3o 

0.35 

0.9 

2.1 

0.7 

79.0 


84.2 


)le  run: 

..  copper  in  heads 1 .  338 

copper  in  tailings 0 .  256 

.  extraction 80 . 7 

.  extraction-according  to  washed  tails 84 . 1 

.  extraction — ^if  4th  wash  had  been  used 83 . 0 

.  moisture  in  tailings 10 . 0 

gallons  of  solution  entrained  per  ton  of  tails 22 .6 
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Using  this  method,  when  we  were  through,  we  had  a  definite  set 
conditions  under  which  known  results  could  be  produced  for  any  lengi 
of  time.  There  were  no  odds  and  ends  to  go  back  and  pick  up.  > 
"minor"  problems,  which  might  turn  out  on  investigation  to  be  fund 
mental,  remained  to  be  solved.  Mr.  Greenway  saw  that  this  plan  w 
strictly  carried  out. 

During  the  experimental  work,  something  over  180,000  lb.  of  perfe 
cathodes  were  produced,  besides  a  good  deal  of  cement-copper. 

Summary 

So  far  as  the  Ajb  tests  can  show  what  will  happen  in  a  5,000-ton  plai 
the  following  may  be  expected: 

Extraction  on  1.4  per  cent,  ore  using  closed  wash  cydle,  82  per  cei 

Extraction  on  1.4  per  cent,  ore  using  extra  wash  water,  83  per  cent 

(The  extraction  figure  used  in  making  estimates  has  always  be 
80  per  cent.). 

Acid  consumption  (100  per  cent.  H2SO4),  3  lb.  per  pound  of  copp 
"Bleeding"  to  prevent  fouling  of  solution. 

Power  efficiency  in  electrolysis  with  lead  anodes,  1  kw.-hr.  \ 
pound  of  cathode  copper. 

Sulphur  consumption,  0.5  lb.  per  pound  of  cathode  copper. 

Neutral  electrolyte  only  will  need  to  pass  through  the  reducti 
towers. 

About  1  per  cent,  per  day  of  the  total  solution  volume  must  be  si 
over  iron  to  control  fouling. 

About  12  per  cent,  of  the  total  copper  produced  will  pass  through  1 
cement-copper  side  cycle. 

The  circulation  used  in  the  test-plant  leaching  tanks  (2  gal.  1 
minute  per  ton  of  ore)  is  undoubtedly  much  higher  than  necessary.  Ii 
probable  that  a  small  part  of  this  volume  would  give  equally  go 
extraction  results. 
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N  OF  THIS  PAPER  IS  INVITED.  It  should  preferablv  be  presented  in  person  at  th 
,  September,  1916,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
n  writinjE  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
f  York,  N.  v..  for  presentation  by  the  Secretary  or  other  representative  of  its  author, 
rangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1,  1916.  Any  discussion 
r  should  preferably  be  in  the  form  of  a  new  paper. 


ent  of  Flotation  in  the  Clifton-Morenci  District,  Arizona 

BT  DAVID  COLE.*  EL  PASO,  TEXAS 
(Arisona  Meeting,  September,  1916) 

time  flotation  appeared  upon  the  metallurgical  horizon  in 
e  writer,  under  the  direction  of  Dr.  Ricketts,  was  engaged  in 
and  enlarging  the  No.  6  Concentration  Plant  of  the  Arizona 
at  Morenci,  and  the  work  had  been  in  progress  nearly  a  year 
nspiration  experiments  with  flotation  had  disclosed  the  revolu- 
;entration  that  was  at  that  time  impending, 
plified  flowsheet  worked  out  for  the  remodeling  of  the  Morenci 
leen  based  upon  the  removal  of  the  freed  metal  in  a  minimum 
stages  by  treatment  upon  tables  equipped  with  Butchart 
atter  being  adapted  to  accomplish  both  classification  of  feed 
J  of  the  metal  at  one  operation,  substantially  as  described  in 
s  paper.  ^ 

leme  of  treatment  for  the  slime  was  based  upon  the  well- 
that  after  copper  sulphides,  such  as  chalcocite  and  chalcopy- 
re  reduced  to  a  certain  extremely  fine  state  of  comminution 
finitely  beyond  the  reach  of  separation  upon  any  of  the  con- 
devices  then  known. 

g  drag-belt  classifiers  (which  served  as  conveyors  as  well  as 
,  the  overflow  would  be  of  the  usual  "sUmes"  class.  Experi- 
shown  that  when  these  drag-belt  overflows  were  properly 
X  is,  to  about  5  to  7  per  cent,  solids  in  the  feed  under  treatment) 
e  sand,  and  especially  the  very  fine  but  still  granular  sulphide 
rould,  if  given  a  short  distance  to  fall,  quickly  settle  out  in 
iition  to  yield  an  excellent  recovery  on  vanners;  a  further 
iture  would  be  that  the  very  fine  non-separable  final  overflow 
ight  be  discharged  direct  to  tailing,  thus  conserving  space 
ts  so  as  to  permit  within  the  old  building,  without  embarrass- 
ncrease  of  capacity  required. 

ions  that  are  obvious,  this  kind  of  feed  preparation  for  the  slime 
)e  successfully  accomplished  in  any  form  of  pointed  boxes  or 


ing  Engineer. 

ment  of  the  Butchart  Riflae  System  at  Morenci,  Trans,,  vol.  51,  p.  405 
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spitzkasten  device,  therefore  a  further  elaboration  of  the  drag-belt  ide 
was  worked  out  as  the  best  method  for  accomplishing  the  separatioi 
This  machine  was  known  as  a  colloid  separator  and  is  shown  in  Figs, 
and  2.    It  works  on  the  premise  that  nearly  all  of  what  may  be  calle 


FiQ.  1. — Drag-Belt  Separatobs  in  Mill  of  Arizona  Ck>ppBR  Co. 


Fig.  2. — Another  View  of  Drag-Belt  Separators. 

ponderable  material  in  the  thinned  pulp,  falling  but  2  in.,  will  lodge  up< 
the  belts  and  be  quickly  removed,  while  the  flocculent  slime  material  w 
remain  in  suspension  and  go  away  with  the  overflow.  In  this  way  a  f  e 
is  prepared  for  the  vanners  containing  a  maximum  amount  of  the  ve 
fine  but  granular  sulphides  and  a  minimum  of  colloidal  material;  at  t 
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same  time  the  drag-belt  overflow  product  contains  a  minimum  of  sulphide 
particles  and  a  maximum  of  flocculent  slime  or  colloidal  pulp.  This 
final  overflow  was  found  in  practice  to  be  approximately  two-thirds  of  the 
total  tonnage  handled  by-  the  belts  and  treatment  upon  vanners  was,  as  far 
as  copper  recovery  was  concerned,  devoid  of  beneficial  results.  The  cop- 
per escaping  in  this  overflow  was  in  the  form  of  extremely  fine  chalcocite, 
bomite  with  a  little  pyrite  and  chalcopyrite,  together  with  oxidized, 
and  water-soluble,  copper  salts.  Taken  together,  these  gave  the  overflo.w 
a  copper  tenor  of  from  1  to  1.3  per  cent,  in  a  ton  of  dry  material,  thereby 


Fig.  3. — ^Doaa  TmcKENSR  of  130-Ft.  Diameter  at  Arizona  Copper  Co.'s  Plant. 

accounting  for  the  larger  part  of  the  tailing  losses.  However,  this  over- 
flow, with  its  ultrafihe  and  otherwise  handicapped  copper-bearing  material, 
was  practically  beyond  the  reach  of  any  concentrating  machine  at 
that  time  known,  and  could  therefore  go  to  tailing.  A  Dorr  thickener^ 
130  ft.  in  diameter,  the  first  one  of  such  large  size,  was  devised  to  recover 
the  water  from  this  overflow  before  it  was  allowed  to  go  to  waste.  (See 
Fig.  3.) 

By  this  plan,  the  treatable  portion  of  the  slime  could  be  handled  by 
the  complement  of  vanners  abready  installed  in  the  company's  mill. 
This  arrangement,  in  conjunction  with  the  saving  in  floor  space,  resulting 
from  the  introduction  of  the  Butchart  riffle,  made  it  easily  possible 
to  double  the  capacity  of  the  plant  under  practically  the  original  roof. 
While  it  did  not  promise  to  recover  a  larger  percentage  than  usual  of  the 

'Described  in  Engineering  and  Mining  Journal,  Vol.  100,  No.  4,  p.  131  (July 
24.  1915). 
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truly  slimed  copper,  it  did  promise  to  give  the  best  possible  results  ii 
one-half  the  space. 

By  the  time  this  flow  sheet  had  been  put  into  practical  operation,  th 
Inspiration  experiments  were  attracting  widespread  attention  and  flota 
tion  was  beginning  to  be  taken  seriously  as  a  concentration  agent  for  th^ 
handling  of  copper  ores.  It  was,  however,  still  regarded  as  an  auxiliar 
process  and  was  thought  to  be  inapplicable  to  ores  carrying  an  exces 
of  talc  or  clay  Uke  the  Clifton-Morenci  ores.  Some  experiments  with  th 
Elmore  process  on  these  ores  in  former  years  had  been  unsuccessful  an( 
laboratory  work  which  we  did  later  on  a  very  small  scale  with  the  meage 
information  available  seemed  to  corroborate  this  theory.  Space  wa 
reserved,  however,  in  a  proper  place  in  the  mill  building,  for  the  installa 
tion  of  flotation  equipment  in  case  further  development  should  prove  it 
adaptability — at  least  for  some  appreciable  portion  of  the  tonnage. 

Meanwhile,  the  Inspiration  company  had  built  the  600-ton  "pilot' 
mill  in  which  the  new  process  was  rapidly  graduating  from  an  auxiUar 
into  the  main  method  of  separation,  in  the  manner  so  fully  and  inter 
estingly  described  by  Dr.  Gahl.'  Starting  with  semi-mysterious  com 
pounds,  Inspiration  had  soon  found  that  simple  flotation  reagents  wer 
equally  efficacious.  Through  the  kindness  of  Mr.  Mills,  I  secured  a  drun 
of  cresylic  acid  and  some  pine  oil  with  which  to  try  a  few  experiments  a 
Morenci. 

The  tailing  from  the  No.  6  Concentrator  was  at  that  time  discharges 
into  Morenci  Canyon  and  cascaded  along  for  about  1  mile  before  beini 
taken  into  a  flume  to  be  carried  to  the  impounding  dams.  The  creek  be< 
was  rough  and  steep,  inducing  great  agitation  of  the  pulp  and  resultini 
in  the  production  of  large  amounts  of  white  froth  which  floated  down  th 
stream.  This  froth  carried  no  concentrations  of  copper  minerals,  but 
thought  it  might  be  possible  to  change  its  character  and  produce  a  miners 
froth  by  the  use  of  flotation  reagents  introduced  where  the  tailing  lei 
the  mill,  and  thus  possibly  secure  from  the  natural  situation  afforded  som 
benefit  at  little  cost. 

A  small  can  of  the  cresylic  acid  was  arranged  to  drip  into  the  tailing 
launder  at  a  point  where  the  tailings  made  the  initial  plunge  into  the  cree 
bed.  The  results  were  instantaneous  and  very  gratifying.  Black  frot 
began  to  collect  in  eddies  and  float  downstream  for  a  few  yards  to  a  secon 
plunge  where  we  were  greatly  surprised  to  find  that  it  became  white  agai 
on  account  of  the  instant  dropping  of  the  metallic  load.  Feeding  tl 
reagent  into  the  stream  immediately  above  the  second  plunge  would  n< 
cause  a  mineral  froth  to  rise  as  in  the  first  plunge,  and  the  reason  ws 
finally  located  as  being  the  effect  of  a  town  sewer  which  was  dischargii 
under  the  surface  into  the  creek  between  the  two  pools;  the  sewage  effec 
ively  killed  the  metal-carrying  capacity  of  the  froth. 

3  History  of  the  Flotation  Process  at  Irispiration,  in  this  BuUetin. 
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Cresylic  acid  was  then  added  to  the  feed  of  a  regrinding  Hardinge  mill 
which  was  discharging  into  a  long  drag-belt  classifier.  The  results  were 
again  most  encouraging;  black  mineral  froth  began  immediately  to  appear 
and  to  collect  in  large  volume  upon  the  relatively  still  water  in  the  drag- 
belt  trough.  This  rough  froth  concentrate  was  found  to  assay  over  45 
per  cent,  copper;  the  product  contained  35  per  cent,  insolubles,  mostly  in 
the  form  of  coarse  sand,  mechanically  suspended  in  the  froth  and  easily 
separated  by  screening.  It  was  found  that  1  per  cent,  of  the  copper  in 
the  froth  concentrate  was  in  oxidized  form;  22  per  cent,  of  the  concen- 
trate was  too  coarse  to  pass  a  lOO-mesh  screen,  and  this  portion  carried 
only  0.87  per  cent,  copper,  while  the  minus  lOO-mesh  material  carried 
46  per  cent,  copper,  1.32  per  cent,  of  which  was  oxidized,  and  but  16 
per  cent,  of  insolubles.  The  high  grade  of  the  froth  concentrate  was 
astonishing,  showing  that  chalcocite  and  bornite  predominated  in  it. 

A  few  days  later  I  made  a  bank  of  tube  grates,  consisting  of  six 
parallel  1-in.  pipes  made  up  with  return  bends.  The  pipes  were  drilled 
full  of  small  holes  and  were  wrapped  with  cotton  blanket  tied  with  spirally 
wound  wire.  This  tube-grate  air  filter  was  put  into  the  drag-belt  trough 
as  deeply  as  possible,  without  touching  the  belt.  Coarse  sand  could  pass 
through  between  the  grates  and  be  removed  by  the  belt  underneath.  The 
pipes  were  supplied  with  compressed  air  for  the  purpose  of  creating  ad- 
ditional froth,  and  it  was  found  that  the  product  made,  without  further 
treatment,  assayed  40  per  cent,  copper,  1.14  per  cent,  of  which  was 
oxidized,  and  that  it  carried  but  20.4  per  cent,  insolubles. 

Plans  for  a  small  frothing  machine  of  the  mechanical-agitation  type 
were  immediately  made,  and  on  July  20  the  apparatus  was  tried  with  the 
colloid  separator  fines  as  feed,  with  the  following  remarkable  result: 
Feed,  2.32  per  cent,  copper,  of  which  0.62  per  cent,  was  oxidized;  the 
concentrates  produced  assayed  20.4  per  cent,  copper,  of  which  1.18  per 
cent,  was  oxidized;  the  tailing  carried  0.52  per  cent,  copper,  of  which 
0.38  per  cent,  was  oxidized,  leaving  only  0.14  per  cent,  sulphide  copper 
as  the  rejection  of  the  machine.  This  was  an  extraction  of  more  than  79 
per  cent,  of  the  total  copper,  and  more  than  92  per  cent,  of  the  available 
(sulphide)  copper.  This  showed  clearly  that  much  could  be  expected  in 
the  application  of  the  new  process  to  Morenci  ores. 

The  Cananea  Consolidated  Copper  Co.,  in  Sonora,  Mexico,  had  been 
experimenting  with  the  use  of  some  Flinn-Towne  pneumatic  flotation 
units  in  its  concentrating  department.  The  plant  had  been  temporarily 
shut  down  on  account  of  revolutionary  troubles,  and  arrangements  were 
made  by  Dr.  Bicketts  for  the  removal  of  one  of  these  imits  to  the  No.  6 
Concentrator  at  Morenci.  The  apparatus  was  installed  under  the  direc- 
tion of  the  Flinn-Towne  people  in  the  space  reserved  for  flotation  and  was 
operated  for  several  weeks  with  very  gratifying  results  as  to  recoveries. 
These   experiments   demonstrated   clearly   that   the   flotation   process 
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would  be  suited  to  the  recovery  of  slimed  copper  sulphides  in  the  Morenci 
ores.  But  the  Flinn-Towne  units  were  not  of  a  size  suitable  for  use  in 
the  equipment  of  a  large  plant,  or  for  the  handling  of  large  tonnages, 
except  by  using  a  great  number  of  them.  It  was  thought  that  theii 
capacity  could  not  be  enlarged  to  advantage  because  of  the  difficulty 
with  the  air-emitting  medium  used,  which  was  in  circular-disk  form 
with  central  discharge.    These  disks  could  not  be  made  larger  in  diametei 
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FiQ.  4. — Simple  Tube-Grate  Cell. 

without  increasing  the  diiEculty  coming  from  "blinding"  of  the  air- 
emitting  surfaces,  through  the  lodging  of  coarse  particles  upon  them; 
and  from  the  formation  of  vortices  by  the  larger  volumes  discharged 
through  the  single  opening  in  the  center  which  entrained  froth  with  the 
reject. 

The  tube-grate  idea  previously  tried  in  the  drag-belt  tank  seemed  tc 
be  a  better  way  to  admit  the  air  because  nothing  could  lodge  upon  th( 
air-emitting  elements  to  blind  them,  and  constriction  of  the  passage 
for  the  pulp  and  water  would  be  avoided.  This  tube-grate  idea  therefon 
formed  a  basis  on  which  to  design  units  of  large  capacity  for  practica 
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mill  work  and  especially  to  solve  the  limited-space  problem  at  No.  6 
Concentrator.  Accordingly,  a  tube-grate  cell  was  installed,  in  January, 
1915.  This  simple  cell  is  shown  in  Fig.  4.  It  was  used  for  some  time  to 
demonstrate  the  tube-grate  idea  and  served  as  a  "cleaner"  in  the  subse- 
quent work  done  with  a  full-sized  machine. 

The  demonstration  of  the  new  tube-grate  cell  was  such  a  success  that 
a  three-stage  machine,  to  have  a  capacity  of  400  tons  per  day,  called  the 
"C-B"  machine,  was  designed  and  made.  Another  one  of  the  same  kind 
and  size  was  made  concurrently  for  the  Inspiration  ConsoUdated  Copper 
Co.,  and  both  of  them  were  started  in  operation  early  in  March.  The 
Inspiration  machine,  which  is  illustrated  in  Dr.  Gahl^s  paper,  gave  good 
results,  proving  the  design  to  be  substantially  correct.  The  Morenci 
machine  was  working  in  corrosive  water,  which  resulted  in  the  formation 
of  rust  on  the  steel  tubes  and  the  gradual  closing  of  the  openings.  The 
air  supply  was  found  to  be  contaminated  with  grease  and  oil  from  the 
blower  bearings,  entrained  muddy  water  in  the  air,  etc.,  which  closed  the 
pores  of  the  air  filter  from  the  inside.  Some  delay  was  experienced 
in  overcoming  these  difficulties.  That  they  were  of  minor  importance 
was  proved  by  the  almost  uninterrupted  success  and  approximately 
perfect  operation  of  the  dupUcate  machine  operating  conciurently  at 
Inspiration. 

The  C-B  machine  at  Morenci  made  large  volumes  of  very  rich  froth 
and  had  become  immediately  profitable  by  reason  of  its  being  able  to 
handle  a  large  tonnage  and  save  copper  which  would  be  otherwise  beyond 
the  reach  of  concentration.  It  was  therefore  kept  in  operation  as  a 
profit  maker,  even  though  working  under  the  handicap  of  partially 
clogged  tubes,  blower  troubles,  etc.  The  daily  tonnage  handled  during  the 
month  of  April,  1915,  was  from  125  to  390  tons  per  day,  with  an  average 
of  209;  the  recovery  made  by  the  machine  was  from  35  to  79  per  cent. 
of  the  sulphide  copper  present  in  the  feed,  with  an  average  for  the  period 
of  65  per  cent. 

The  blower  used  was  an  old  one  borrowed  from  the  mining  depart- 
ment, where  it  had  been  used  in  ventilation.  It  was  designed  for  not 
more  than  3^  lb.  pressure,  and  the  developing  of  6  lb.  in  it  deflected  the 
shafts  and  caused  the  impellers  to  rub  upon  the  sides  of  the  machine, 
which  had  to  be  water-jacketed  to  keep  down  the  heat  developed.  It 
was  much  larger  than  necessary,  and  a  great  excess  of  air  was  blown  off 
from  open  valves.  Therefore,  no  record  of  the  amount  of  air  used  or 
power  required,  could  be  even  approximately  obtained. 

In  spite  of  these  minor  difficulties  it  was  proved:  That  flotation  could 
be  applied  to  these  ores  with  great  advantage;  that  the  copper  in  the 
mill  tailing  could  be  reduced  to  0.50  per  cent,  (of  which  0.25  to  0.30  per 
cent,  was  oxidized  and  beyond  the  reach  even  of  flotation) ;  that  this  re- 
sult could  be  improved  by  finer  grinding  in  the  Hardinge  mills;  that  the 
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Table  2. — Comparative  Results  Obtained  in  Operatian  of  C-B  and  CaUo 
Flotation  Machine^  at  Concentrator  No.  6,  Arizona  Copper 
Company,  Ltd.,  Morend,  Ariz. 

May.  1915 


C-B 
Per  Cent. 


Flotation  machine  tails 


Total  copper. 
Oxidized  copper. 
Sulphide  copper. 


Flotation  machine  concentrates  I  x^i  y 


Vanner  tails 


Total  copper. . . . 
.Oxidized  copper. 
Sulphide  copper.. 


-,  .     ,      f  Total  copper. 

Vanner  concentrates  {  j      i  w 


0.72 
0.38 
0.34 
38.19 
25.00 
0.53 


8.52 


June,  1915 


Flotation  machine  tails 


Flotation  machine  concentrates  \ 


Total  copper 

Oxidized  copper 

,  Sulphide  copper 

I  Total  copper. 

1  Insolubles 

(Total  copper 
Oxidized  copper .* 
Sulphide  copper 

I  Total  copper 

1  Insolubles 


Vanner  concentrates 


0.71 
0.30 
0.41 
35.24 
23.80 
0.41 
0.23 
0.18 
9.35 


July,  1915 


C-B. 
Per  Cent. 


Flotation  machine  tails — ^Total  copper 

Oxidized  copper 

Sulphide  copper 

Flotation  machine  ^concentrates — Total  copper. 

Insolubles .... 

Vanner  tails — Total  copper 

Oxidized  copper 

Sulphide  copper 

Vanner  concentrates — Total  copper 

Insolubles 

Table  tails — Total  copper 

Oxidized  copper 

Sulphide  copper 

Table  concentrates — Total  copper 

Insolubles 


0.61 

0.24 

0.37 

27.84 

18.80 

0.41 

0.25 

0.16 

7.96 

* 

0.41 
0.24 
0.17 
8.96 
43.60 


C-B 


*  No  assay. 

Daily  tonnage  rate,  average  for  the  month  of  July,  1915 479 
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5  reagQnts  used  elsewhere  would  apply.  Further,  a  new  type 
ic  flotation  machine,  well  adapted  to  the  conditions  at  No.  6 
)r,  had  been  successfully  developed  and  its  performance 
5d  on  a  full-sized  irnit.  The  new  type  machine  would  not 
ay  embarrassed  by  the  oversize  coming  from  Hardinge  mills. 


5. — ^Longitudinal  Section  of  C-B  Flotation  Machine. 
Three  Cells  in  Series. 


drag-belt  overflow  being  handled  by  the  colloid  separator 
a  few  of  these  new  machines  where  all  of  the  rich  slimed  sul- 
sr  would  be  taken  out.     Or  the  whole  tonnage  of  reground 

Table  2. — Without  protection  against  "blinding"  of  the  air-emitting 
I  or  "oversize"  the  C-B  machine  handled  considerably  more  than  three 
lage  handled  by  the  Callow  in  July,  and  did  this  without  detriment 
irgical  work. 
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material  produced  in  the  Hardinge  mills  could  go  directly  to  the  new  typ 
frother  in  which  the  slimed  copper  sulphides  would  be  removed.  Tl 
thoroughly  frothed  sands  could  then  be  treated  on  tables  and  vanne: 
for  the  removal  of  the  remaining  sulphide  particles  which  were  tc 
coarse  to  be  separated  by  flotation.  Since  there  would  then  be  no  en 
harassing  losses  in  the  slime  part  of  the  feed,  these  machines  would  woi 
efficiently,  and  a  maximum  mill  recovery  would  result. 

After  it  became  evident  that  flotation  would  apply  to  Morenci  or( 
and  before  the  value  of  the  tube-grate  idea  was  fully  demonstrated, 
was  decided  to  install  and  experiment  with  a  standard  Callow  flotatio 
unit  of  200  tons  capacity,  consisting  of  four  rougher  cells  and  one  cleane 
This  equipment  was  not  received  until  after  the  full-sized  C-B  unit  of  4C 
tons  daily  capacity  had  been  installed. 


Fig.  6. — Plan  ob^C-B  Flotation  Machine. 


The  Callow  equipment  was  started  in  operation  May  24,  1915,  an 
competitive  operation  was  carried  on  for  about  3  months.  The  recoveri< 
proved  to  be  very  much  alike  although  the  feed  was  not  identical.  Tl 
Callow  apparatus  is  not  adapted  to  handle  coarse  particles  of  feed  < 
oversize,  and  had  to  be  protected  by  a  screen  or  spitzkasten.  It  w 
handle  about  one-half  the  normal  tonnage  of  the  C-B  machine,  occup; 
ing  the  same  mill  space.  A  summary  of  the  results  obtained  for  tl 
months  of  May,  June,  and  July,  1915,  also  details  showing  the  work  f 
the  month  of  July,  are  given  in  Tables  1  and  2.  The  performance 
shown  to  be  substantially  parallel  as  to  quaUty  of  work  done,  but  qui 
different  as  to  quantity  of  tonnage  handled. 
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Fia  7. — Front  Elevation  of  C-B  Flotation  MAcmNE. 
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As  mentioned  before,  the  air  and  power  consumption  was  not  detei 
mined  in  the  C-B  installation  because  there  was  no  way  to  take  eve 
approximately  correct  measurements.  But  the  experience  at  Inspire 
tion,  where  the  C-B  and  Callow  systems  were  also  being  operated  i 
parallel,  showed  that  substantially  the  same  amounts  of  air  and  powe 
were  used  by  each  system. 

Experience  suggested  wider  launders  for  froth,  larger  cleaner  capacit] 
and  simplified  tube-grate  construction  of  the  C-B  unit.  These  ideas  ai 
incorporated  in  the  new  design  shown  in  Figs.  5,  6  and  7  in  which  it  wi 
be  noted  that  the  machine  is  merely  a  stationary  wooden  box  suitabl 
arranged  to  receive  air-emitting  tubes  which  are  dropped  in  from  the  to 


Fig.  8. — Arrangement  at  Mill  op  Cananea  Consolidated  Copper  Co.,  Canani 
Mex.,  Using  the  C-B  3-Stagb  Flotation  Machine. 

and  rest  upon  ledges  at  the  proper  level  in  the  pulp  to  be  treated.  Thei 
air-emitting  elements  are  connected  to  the  air  supply  by  the  use  of  rublw 
hose.  They  can  be  taken  out  or  put  in  without  cutting  ofiE  the  feed  < 
shutting  down  the  machine,  in  case  this  should  be  of  advantage.  An  a 
pressure  of  5  lb.  is  required.  The  air-emitting  surface  in  the  C-B  machii 
is  more  than  twice  the  complete  cross-sectional  area  of  the  frothing  con 
partments,  and  even  if  a  ridge  of  sand  shpuld  lodge  upon  the  extreme  tc 
of  the  tubes  and  partially  cut  off  the  air  supply,  the  remaining  unci 
structed  area  would  still  be  larger  than  the  whole  cross-section. 

Fig.  8  shows  the  improved  form  with  cleaners  as  arranged  in  the  m 
of  the  Cananea  Consolidated  Copper  Co.,  and  is  typical  of  the  arrang 
ment  adopted  for  the  later  models.  There  are  eight  imits  in  this  install 
tion.    They  are  operated  under  conditions  varying  greatly  as  to  quali 
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of  ores,  there  being  a  wide  range  of  iron  and  copper  sulphide  conditio! 
and  all  conditions  of  oxidation  in  the  ore  handled.  The  operation  of  tli 
Cananea  machines  has  been  repeatedly  interrupted  by  the  internal  stril 
in  Mexico  and  no  deductions  of  value  are  at  present  available. 

Fig.  9  shows  an  application  of  the  tube-grate  idea  to  a  spitzkaste 
type  of  frother.  One  of  these  machines  was  made  and  installed  in  No. 
Concentrator  at  Morenci  but  was  taken  out  before  it  was  tried, 
seems  to  embody  advantages  of  much  promise  in  a  frothing  first  flo^ 
sheet  and  will  soon  have  a  trial  to  determine  its  value  in  the  simplific 
concentration  of  ore  that  is  amenable  to  flotation. 
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FACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENQINEERS 
tJBCT  TO  BEVISIOnI 

ION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preeented  in  person  at  the 
ing.  September,  1010,  when  an  abetraot  of  the  paper  will  be  read.  If  this  is  impoMible, 
)n  in  writing  may  be  sent  to  the  Editor,  Ameriean  Inetitate  of  Mining  Engineers,  20 


reet.  New  York.  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
«s  speeial  arrangement  is  made,   the  disoussion  of  this  paper  will 
m  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 
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1628  HISTORY  OF  THE  FLOTATION  PROCESS  AT  INSPIRATION 

The  history  of  flotation  in  America  is  very  short,  at  least  as  far  as  the 
large-scale  application  of  the  process  is  concerned.  It  is  remarkable  how 
many  important  developments  have  taken  place  in  the  last  few  years  and 
are  already  being  extensively  utilized.  What  was  new  a  year  ago,  seems 
almost  commonplace  now.  For  this  reason  it  is  with  hesitation  that  I 
follow  the  suggestion  of  Dr.  Ricketts,  President  of  the  Institute,  to 
describe  the  experiences  of  the  Inspiration  ConsoUdated  Copper  Co.  with 
the  flotation  process. 

Tests  Conducted  in  Small  Test  Mill 

When  the  Inspiration  company  first  decided  to  build  a  concentrating 
plant,  nothing  was  known  about  flotation,  and  the  process  was  to  be 
gravity  concentration  pure  and  simple. 

Demonstration  Tests  Conducted  by  Minerals  Separation  Co. 

While  plans  were  being  prepared  by  H.  Kenyon  Burch  (who  had  been 
intrusted  with  the  design  and  construction  of  the  concentrator)  the 
Minerals  Separation  Co.,  a  concern  at  that  time  Uttle  known  in  America, 
asked  and  obtained  permission  to  demonstrate  the  value  of  its  flotation 
process  for  Inspiration  ore.  As  a  consequence,  a  small  50-ton  flotation 
machine  of  standard  design  was  added  to  the  company's  test  plant  and 
started  to  operate  in  th^e  beginning  of  1913.  This  marks  the  beginning  of 
flotation  at  Inspiration. 

The  results  obtained  with  this  machine,  which  was  operated  by 
members  of  the  Minerals  Separation  staff,  so  far  surpassed  what  this 
company  anticipated  that  it  was  decided  to  continue  flotation  tests  fortius 
purpose,  and  two  of  the  flotation  experts  of  the  Minerals  Separation  Co., 
I.  L.  Greninger  and  G.  A.  Chapman,  were  retained.  L.  R.  Wallace,  now 
superintendent  of  the  Miami  works  of  the  International  Smelting  Co., 
was  at  that  time  metallurgist  of  the  Inspiration  company  and  in  that 
capacity  took  an  active  part  in  these  tests.  Great  credit  is  due  to  him 
for  his  quick  recognition  of  the  possibiUties  of  flotation. 

Flotation  Tests  Conducted  by  Inspiration  Co, 

The  tests  led  to  the  conclusion  that  it  would  be  advisable  to  incor- 
porate flotation  into  the  concentrating  process.  Doubt  existed  only  as 
to  the  extent  to  which  this  should  be  done.  The  first  design  brought  out 
by  Mr.  Burch  only  called  for  flotation  treatment  of  the  concentrator 
tailings.  While  the  tests  were  progressing,  it  became  more  and  more 
evident,  however,  that  flotation  should  form  a  more  essential  part  of  the 
milling  process,  and  it  was  finally  decided  to  leave  out  all  the  complica- 
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1  are  usually  adopted  in  gravity  concentration  plants  for  the 
recovering  as  much  as  possible  of  the 'mineral  values  of  the 
.0  rely  on  flotation  alone  for  this  purpose. 

Sampling  of  Orebody 

jcision  was  reached  only  after  it  had  been  estabUshed  by 
pests  that  the  orebody  as  a  whole  was  suited  for  flotation  treat- 
WB8  found,  it  is  true,  that  a  portion  of  the  ore  in  the  mine  was 
for  flotation  by  the  process  in  question,  but  the  amount  of 
3  established  to  be  only  a  small  fraction  of  the  total.  Besides, 
•oved  that  the  ore  contained  in  this  fraction  lost  its  refractory 
irhen  mixed  with  the  rest  of  the  ore. 

3ninger  gives  the  following  description  of  the  manner  in  which 
were  carried  out: 

e  lots,  each  amounting  to  about  10  tons  and  representing  from 
^  were  blasted  from  the  back  and  sides  of  the  drifts  and  after 
lishing  and  grinding  treated  in  the  small  flotation  machine 
above. 

3sults  were  very  erratic,  some  showing  good  recovery  with  a 
of  concentrate,  while  others  returned  concentrate  of  a  very  low 
silso  showed  a  low  extraction. 

a  considerable  number  of  tests  had  been  made,  it  was  found 
•od  results  were  always  obtained  when  treating  ore  of  a  schist 
lile  poor  results  resulted  when  the  gangue  was  the  altered  and 
granite  which  forms  a  part  of  the  Joe  Bush  orebody. 
Dn  samples  were  taken  from  various  parts  of  the  mine  for  the 
determining  the  extent  and  amount  of  this  granite  ore.  These 
iken  from  the  drifts  crossing  the  orebody  from  south  to  north, 
the  granite  ore  and  continuing  along  each  drift  until  the  schist 
J  encountered. 

of  these  tests  the  results  were  uniformly  good  while  treating 
)re  and  poor  while  treating  the  granite  ore. 
[juently,  another  series  was  inaugurated  with  the  view  of 
g  the  amount  of  granite  ore  that  could  be  mixed  with  the  schist 
t  interfering  with  the  treatment  of  this  mixed  ore  by  flotation. 
IS  percentages  of  granite  ore  were  mixed  with  clean  schist  and 
)  treated  by  flotation.  It  was  found  that  10  per  cent,  of  granite 
hange  in  the  behavior  of  the  ore  in  the  flotation  plant  and  when 
b.  of  the  granite  was  mixed  with  the  schist  ore  only  a  slight 
vas  noted,  this  difference  consisting  in  a  slight  lowering  of  the 
B  concentrate  with  a  corresponding  falling  off  in  extraction.'' 
iditioDS  described  by  Mr.  Greninger  are  well  illustrated  by  a 
aide  by  C.  E.  Arnold  of  the  mine-engineering  staff  of  the  corn- 
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pany,  which  represents  laboratory  flotation  results  on  samples  taken" 
from  a  drift  in  the  Joe  Bush  orebody  (Fig.  1).    The  results  show  clearly 
that  the  granite  by  itself  does  not  interfere  with  flotation,  but  only  the 
fault  material,  evidently  corresponding  to  what  Mr.  Greninger  terms 
kaolinized  granite. 

Other  Results  Obtained  in  SmaU  Test  Mill 

The  test  conducted  in  the  small  test  plant  established  in  a  general 
way  the  physical  conditions  under  which  Inspiration  ores  could  be  treated 
advantageously;  for  instance,  it  was  decided  that  raising  the  temperature 
did  not  improve  the  results  obtained  in  proportion  to  the  extra  expense 
of  such  procedure. 

As  far  as  flotation  oils  are  concerned,  those  in  charge  of  the  tests  came 
to  the  conclusion  that  cresylic  acid  (98  per  cent,  pure)  should  be  used  as 
the  main  flotation  agent,  and  should  be  supplemented  by  crude  turpen- 
tine. As  the  most  important  result  brought  out  by  these  tests,  I  con- 
sider the  discovery  that  the  flotation  agents  may  profitably  be  added  in 
the  grinding  machines,  while  it  had  formerly  been  the  customary  practice 
to  add  the  "oils"  in  agitating  tanks  especially  provided  for  the  purpose. 
This  discovery  had  an  important  bearing  on  the  later  developments 
in  the  Inspiration  miUing  practice,  inasmuch  as  it  paved  the  way  for  the 
use  of  much  heavier  oils;  for  instance,  coal  tar  which  it  is  impossible  to 
amalgamate  thoroughly  with  the  pulp  in  agitating  tanks.  Mr.  Chapman, 
I  think,  made  this  important  discovery  during  this  period  (U.  S.  Patent 
1,102,874). 

The  details  of  the  flow  sheet  to  be  followed  were  left  to  be  decided  by 
tests  on  a  larger  scale.  Only  this  much  was  settled:  That  no  concen- 
tration of  any  kind,  either  flotation  or  gravity,  should  be  attempted  before 
the  ore  was  reduced  to  the  fineness  required  for  the  flotation  process. 
This  decision  was  brought  about  by  the  fact  that  excellent  recoveries  were 
obtained  when  this  procedure  was  followed,  and  was,  of  course,  also 
strongly  urged  by  considerations  of  simplicity  in  the  milling  process  and 
cheapness  of  milling  operations. 

In  these  tests  a  50-ton  flotation  machine  of  Minerals  Separation  Co. 
Standard  type  was  used.  In  the  general  design,  it  was  similar  to  the 
larger  machine  later  put  in  use.  It  had  eight  agitating  compartments 
with  propellers  of  12-in.  diameter  revolving  with  a  peripheral  speed  of 
from  1,200  to  1,400  ft.  per  minute. 

Tests  in  Large  Test  Mill 

Flaw  Sheet 
In  order  to  test  on  a  large  scale  the  points  already  settled  in  the  small 


t«st  mill,  and  to  decide  the  points  left  undecided  by  the  small-scale  experi- 

18 
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meitts,  a  600-ton  test  plant  was  built  and  put  into  operation  at  the  begii 
ning  of  January,  1914.  It  was  my  privilege  to  conduct  those  tests  i 
cooperation  with  Mr.  Greninger,  who  represented  the  Minerals  Separatio 
Co.,  and  with  the  representatives  of  other  concerns,  who  in  the  course  ( 
time  decided  to  submit  flotation  machines  to  the  consideration  of  tl 
Inspiration  company.  The  flow  sheet  of  this  600-ton  test  mill  was  e: 
tremely  simple.  It  is  illustrated  in  Fig.  2.  The  ore  after  being  crushe 
to  the  desired  fineness  by  machinery,  which  was  tested  out  at  the  san 
time,  was  sent  to  tables;  from  these  the  concentrates  went  to  the  concei 
trate  bins,  while  the  taiUngs  passed  on  to  an  8-compartment  flotatio 


Oroshiiig  and  Grinding  Machinery 


Tables 


Oonc       ^  Tailings 
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600  Ton  S-Oompartment 
M.8.riotation  Machine 


Gone 


Mids 


Tables  I 


Gone. 


A      Tails 


To  Settling  Tanks 
and  Oliver  FUten 


To  Waste 


Fig.  2. — First  Flow  Sheet  of  600-Ton  Test  Mill,  Inspiration  Consolidate] 


machine  of  the  Standard  Minerals  Separation  type  with  24-in.  stirrei 
Later  a  12-compartment  machine  of  the  same  type  was  added  ai 
operated  in  parallel  with  the  8-compartment  machine.  The  tailings  frc 
the  flotation  machines  were  passed  on  to  other  tables,  the  concentrat 
from  which,  combined  with  the  concentrates  from  the  upper  tables  a 
the  flotation  machine,  went  to  the  concentrate  bins,  while  the  tailii 
went  to  waste.  The  flotation  machine  was  operated  in  the  stands 
manner,  the  feed  being  introduced  into  the  first  agitating  compartme] 
passed  to  the  first  spitzkasten,  drawn  to  the  second  agitating  compa 
ment,  sent  from  there  to  the  second  spitzkasten  and  drawn  to  the  thi 
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agitating  compartment,  etc.,  the  agitators  forming  the  necessary  suction 
for  the  transportation  of  the  pulp  from  the  spitzkastens  to  the  following 
agitating  compartments.  A  final  concentrate  was  made  from  one  or  more 
spitzkastens,  while  the  concentrate  from  those  remaining  was  considered 
a  middlings  product  and  was  returned  to  the  head  of  the  machine  for 
retreatment. 

This  flow  sheet  was  extremely  simple,  but  after  a  while  even  this  was 
considered  too  complicated,  inasmuch  as  the  necessity  of  table  treatment 
ahead  of  flotation  treatment  was  doubted. 

Discussion  of  the  Value  of  Preliminary  Table  Treatment 

The  advantages  pointed  out  in  favor  of  the  preUminary  table  treat- 
ment were  about  as  follows:  Since  the  tables  would  make  a  certain 
recovery,  an  impoverished  flotation  feed  would  result  and  assist  the  flota- 
tion machine  to  make  a  tailings  product  low  in  copper.  However,  the 
validity  of  this  argument  was  doubted  for  the  following  reasons: 

In  the  first  place,  if  complications  are  to  be  avoided,  the  preliminary 
table  treatment  has  to  be  of  a  comparatively  rough  character;  the  refine- 
ments of  hydraulic  classification  have  to  be  dispensed  with,  as  by  its  use 
more  water  would  be  introduced  into  the  pulp  than  would  be  advisable 
for  the  following  flotation  process.  It  must  be  taken  into  consideration 
that  the  pulp  dehvered  to  the  tables  already  contains  about  3  tons  of 
water  to  1  ton  of  solid  matter,  experience  having  shown  that  the  grind- 
ing machines,  consisting  of  either  ball  or  pebble  mills,  deliver  a  product  of 
the  desired  fineness,  about  1  or  2  per  cent,  on  48-mesh,  when  the  con- 
sistency of  the  overflow  from  drag-belt  classifiers,  working  in  conjunction 
with  the  grinding  mills,  was  carried  at  about  this  figure;  experience  also 
showed  that  this  consistency  is  suitable  for  the  flotation  treatment,  while 
greater  dilution  of  the  pulp  resulted  in  an  increased  copper  loss.  The 
logical  way  out  of  this  dijficulty  would  be  to  introduce  settUng  tanks, 
for  which,  however,  the  modern  mill  designer  has  a  just  abhorrence; 
at  least,  when  they  are  to  be  placed  in  the  middle  of  the  mill.  Neither 
the  liberal  use  of  dressing  water  nor  a  low  tonnage  rate  would  be  permis- 
sible for  the  same  reason.  On  this  account,  a  high  recovery  could  not 
be  expected  from  a  preUminary  table  treatment.  During  our  tests  it 
averaged  around  33  per  cent. 

Furthermore,  the  asstuned  fact,  that  an  impoverished  feed  results  in 
a  better  recovery  of  the  flotation  machine,  was  strongly  doubted  by  some 
of  the  flotation  experts,  who  claimed  that  in  order  to  form  a  froth  which 
had  the  necessary  carrying  power  for  mineral,  it  would  be  better  to  leave 
as  much  mineral  as  possible  in  the  feed  to  the  flotation  machine.  In 
other  words,  their  advice  was  to  Jeave  out  the  tables  in  order  to  permit 
the  flotation  machines  to  do  more  efficient  work. 


Digitized  by 


Google 


1634  HISTORY  OP  THE  FLOTATION  PROCESS  AT  INSPIRATION 

There  is  no  doubt,  however,  that  tables  will  catch  a  certain  amou 
of  mineral  (especially  coarser  grains)  which  will  escape  in  the  flotati 
process.  For  this  reason,  tables  have  to  be  used  to  insure  the  high( 
recovery,^  but  it  seems  that  tables  following  the  flotation  treatme 
would  make  up  for  this  deficiency  of  the  flotation  machine  better  th 
tables  ahead,  inasmuch  as  they  would  not  work  under  the  disadvantaj 
known  to  every  millman,  of  receiving  too  rich  a  feed.  It  is  well  kno) 
that  it  is  possible  to  make  a  much  lower  table  tailing  working  on  fe 
containing  a  small  percentage  of  copper  than  on  a  feed  rich  in  coppi 
From  theoretical  speculations,  therefore,  no  valid  reason  was  advanc 
that  increased  recovery  should  result  from  table  treatment  ahead 
the  flotation  treatment. 

The  next  argument  advanced  by  the  supporters  of  a  preliminary  tal 
treatment  was  that  it  would  result  in  an  improvement  of  the  grade 
the  general  concentrates,  inasmuch  as  it  would  be  possible  to  make  a  ve 
clean  product  on  the  tables,  thereby  raising  the  general  average  of  t 
concentrates.  There  is  evidently  some  sound  foundation  for  this  poii 
how  much,  could  not  well  be  investigated  without  resorting  to  acti 
experiments. 

A  third  point  seemingly  in  favor  of  preliminary  table  treatment 
this:  Flotation  concentrates  offer  more  or  less  difficulty  in  mechani< 
handling;  vacuum  or  pressure  filters  have  to  be  resorted  to  for  tl 
purpose.  It  was  pointed  out,  therefore,  that  if  a  certain  percentage 
the  total  concentrate  could  be  saved  on  the  tables,  and  a  table  conce 
trate  produced  containing  only  a  small  amount  of  the  slime,  so  troub 
some  in  filter  treatment,  it  might  be  a  decided  advantage;  the  quantity 
concentrate  to  be  handled  on  filters  might  be  materially  reduced  a: 
economies  effected  in  this  manner.  At  the  same  time,  experience  sho 
that  the  flotation  concentrate  resulting  under  those  conditions,  becaii 
it  contains  less  of  the  coarser  sand,  is  more  difficult  for  the  filters  to  hanc 
than  it  would  be  were  the  sand  left  in.  Very  likely,  therefore,  no  decid 
improvement  in  the  handling  of  the  concentrates  would  result  from  t 
separation  of  the  table  concentrates  from  the  flotation  concentrates, 
least  under  the  conditions  prevailing  here. 

The  same  objections  do  not  hold  true  for  tables  when  used  after  t 
flotation  process,  as  in  that  case  no  limitations  are  imposed  regardi 
the  hydrauUc  and  dressing  water,  and  the  tables  cannot  help  but  ma 
an  additional  small  recovery  of  concentrate.  On  account  of  the  fact  th 
the  table  feed  is  necessarily  low  in  copper,  the  tailings  will  be  con 
spondingly  low.  In  all  cases,  therefore,  where  flotation  treatment  dc 
not  make  a  full  recovery,  or  practically  so,  of  mineral  values,  tabli 
after  flotation  seems  imperative.^ 

1  This  applies  only  to  the  flow  sheet  under  discussion. 

'  This  remark  again  refers  only  to  the  flow  sheet  under  discussion. 
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gh  such  theoretical  considerations  were  indulged  in,  no  deci- 
ased  on  them.  To  settle  the  main  points  in  question,  a  series 
s  carried  out.  On  alternate  days,  the  ''upper"  tables  were  by- 
g.  3)  while  on  the  remaining  days,  they  were  utilized  (Fig.  2). 


Ornahing  and  Grinding  MaohlnMy 


600  Ton -8  Compartment 
M.8.  Flout  on  Maohhia 


Oono. 


.9 


Mld» 


Tables 


_>v. 


Tails 


To  Settling  Tank^ 
and  Oliver  Filters 


To  Waste 


com)  Flow  Sheet  of  600-Ton  Test  Mill,  Inspiration  Consolidated. 

I. — Comparison  of  Efficiency  of  Flow  Sheet  No,  1  {Fig,  2)  and 
Flow  Sheet  No.  2  (Fig,  3) 


Description 

Flow  Sheet 

No.  2 

No.  1 

Ifeed 

1.72 

1.72 

a.  46 

0.29 

32.71 

74.30 

9.40 

83.70 

25.70 

0.96 

1.67 

nation  machine  feed 

1.32 

^ation  machine  tailfl 

0.43 

rer  table  tails 

0.30 

leral  concentrates 

31.72 

)per  tables  +  flotation  machine 

75.30 

itation  machine 

ecovery  on  lower  tables .'.... 

7.40 

jrv 

82.70 

r  deck  on  lower  tables 

23.20 

r  deck  on  upper  tables 

87.00 

►tion,  cresol  +  turpentine  in  pounds  per  ton. . . 

0.82 

s. — The  recoveries  are  calculated  from  the  feed  and  tailings  assays  and 
general  concentrates. 

(lONB. — Roughing  on  upper  tables  reduces  the  tailings  assay  of  the  flota- 
e  slightly,  while  it  does  not  seem  to  affect  the  assay  of  the  lower  tables 
Increased  recovery  results  from  the  use  of  the  lower  tables. 
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Table  1  gives  the  r6sum4,  on  the  strength  of  which  it  was  decided  ot 
use  secondary  tables  only  and  to  leave  the  preliininary  table  treatment 
(ahead  of  the  flotation  treatment)  out  of  the  flow  sheet  to  be  adopted 
in  the  concentrator  under  construction.  That  this  conclusion  is  justi- 
fied seems  to  be  borne  out  by  the  following  facts: 

In  January  and  February,  1914,  the  lower  table  floor  was  not  in  opera- 
tion. For  this  reason,  the  flotation  tailings  were  not  treated  on  tables. 
There  was,  however,  table  trcJatment  ahead  of  flotation,  the  following  re- 
sults being  obtained :  Table  recovery,  39.42  per  cent. ;  flotation  recovery, 
33.35  per  cent.;  total  recovery,  72.77  per  cent.  From  March  to  August, 
1914,  various  flow  sheets  were  tried;  tables  were  sometimes  used  pre- 
ceding and  sometimes  following  flotation,  and  sometimes  in  both  places. 
The  figures  on  recovery  are,  for  this  reason,  not  comparable  with  the 
preceding  ones.  From  September  to  December,  1914,  no  tables  were 
used  preceding  flotation;  the  flotation  tailings  were,  however,  treated 
on  tables.  The  results  obtained  were :  Flotation  recovery,  70.83  per  cent. ; 
table  recovery,  7.51  per  cent.;  total  recovery,  78.34  per  cent. 

Callow  Flotation  Installation 

While  the  test  mill  was  in  operation,  Mr.  Callow,  President  of  the 
General  Engineering  Co.,  advised  the  Inspiration  company  that  he  had 
mvented  and  perfected  a  new  flotation  process  which,  in  his  opinion, 
would  give  as  good,  if  not  better,  results  than  the  machine  of  the  Minerals 
Separation  Co.  As  a  consequence,  arrangements  were  made  to  add  a 
unit  of  machines  of  the  Callow  type.  The  flow  sheet  using  Callow 
cells  is  illustrated  in  Fig.  4.  It  consisted  of  four  rougher  flotation  cellsj 
which  served  for  the  production  of  a  low-grade  concentrate,  and  another 
cell  of  the  same  construction  which  was  supplied  for  the  purpose  oi 
cleaning  the  concentrates  made  on  the  rougher  cells.  The  tailings  result- 
ing from  the  cleaner  cells  were  returned  and  mixed  with  the  pulp  entering 
the  rougher  cells.  With  the  machine  was  furnished  a  Pachuca  tank  foi 
the  purpose  of  mixing  flotation  oil  into  the  pulp  entering  the  plant,  shoulc 
it  be  more  desirable  to  do  this  in  addition  to  or  in  place  of  feeding  the  oi 
to  the  grinding  machines,  as  had  proven  useful  both  in  the  small  and  ii 
the  larger  test  plants.  As  a  matter  of  fact,  the  use  of  the  Pachuca  tanl 
was  abandoned  after  several  months'  operation. 

The  Callow  cells  work  on  a  different  mechanical  principle  from  thai 
underlying  the  Minerals  Separation  Standard  machine,  inasmuch  as  n( 
movable  parts  are  used  for  the  purpose  of  producing  the  fine  dissemina 
tion  of  air  with  the  pulp,  which  seems  to  be  essential  for  any  kind  o 
flotation  machine;  while  the  Standard  Minerals  Separation  machin< 
depends  on  the  operation  of  fast-revolving  impellers,  the  disseminatioi 
is  effected  in  the  Callow  machine  by  blowing  air  through  the  pores  of  i 
porous  blanket,  which  forms  the  bottom  of  each  cell. 
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llow  machine,  illustrated  in  another  paper,  is  ingeniously 
le  feed  enters  at  the  upper  end  of  the  incUned  bottom,  while 
are  discharged  through  the  float  valve  at  the  lower  end, 
krates  overflowing  at  the  top  of  the  flotation  tanks.  The 
om  of  the  cell  is  set  on  an  incline  to  make  possible  the  treat- 
d  containing  coarse  sand.  The  movement  of  such  sand  par- 
bhe  feed  to  the  discharge  end  is  thereby  accelerated, 
^hanical  principle  of  aeration  and  agitation  by  the  admission 
igh  a  porous  medium,  which  has  been  termed  "pneumatic 
was  undoubtedly  discovered  by  Mr.  Callow*  and  his  asso- 


I    FlouPeed"! 


I  AtlUMng  T>nk    | 


I  4  Hougbcr  Cell!  | 

Ooac.         1  Taili 

< — '^^ »-^ 


1  Cleaner  Cell    | 


To  Cooc.  Blni         To  Tablet 

. — ^Flow  Sheet  of  Expbbimbntal  Callow  Flotation  Plant. 

pendently  of  other  inventors,  although  an  earlier  t)atent 
kken  out  for  the  same  thing  in  England  by  Minerals  Separa- 
h  Patent  10,929,  May  3,  1910)  and  long  before  the  installa- 
Callow  machine  at  this  mill.  Inspiration  ore  had  been  tested 
rk  by  a  pneumatic  flotation  machine  constructed  jointly  by 
m  and  Towne.*  The  results  of  this  test  were  so  good  that  a 
lant  of  this  system  was  installed  at  Inspiration. 

ow  refers  to  his  installation  at  the  National  Mill,  Mullan,  Idaho,  April, 
rst  successful  commercial  plant  utilizing  the  pneumatic  principle, 
was  made  in  the  presence  of  Dr.  L.  D.  Ricketts,  Consulting  Engineer, 
omton,  Vice-President  of  the  Inspiration  company.  According  to  F.  B. 
[>n  plant  of  the  Flinn-Towne  flotation  system  was  shipped  to  the  Tezuit- 
>.  in  Mexico  in  the  spring  of  1913.  This  could  not  be  put  into  operation 
'  the  political  conditions  prevailing  then.  Otherwise,  this  would  have 
commercial  pneumatic  flotation  plant.  R.  C.  Canby  informs  me  that 
Tied  out  by  him  suggested  the  idea  to  Messrs.  Flinn  and  Towne  of  con- 
tation  machine  to  produce  the  desired  fine  dissemination  of  air  by  blow- 
^  a  porous  medium. 
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FlinvrTowne  InataUaiion 

The  Flinn-Towne  machine,  as  mentioned,  utilizes  the  pneumati 
principle  also,  but  the  application  is  somewhat  different.  An  illustra 
tion  of  a  single  Flinn-Towne  machine  is  given  in  Fig.  5,  while  Fig.  i 
shows  the  outline  of  the  installation.     The  cells  are  constructed  in  thi 


Fia.  5. — Flinn-Townb  Flotation  Machine. 


shape  of  cylindrical  tanks,  the  bottoms  of  which  are  formed  by  the  poro 
medium.  The  feed  enters  near  the  top  in  the  center  of  the  cylind* 
while  the  tailings  leave  the  machine  through  a  center  hole  in  the  pore 
medium.  In  the  Flinn-Towne  installation,  only  one  roughing  machi 
was  provided,  while  additional  cells  served  for  the  purpose  of  cleani 
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both  rougher  tailings  and  rougher  concentrates.  The  taiUngs  produced 
by  the  concentrate  cleaner  cell  were  returned  to  the  head  of  the  roughing 
cell.  In  place  of  the  canvas  blanket  of  the  Callow  machine,  Messrs. 
Flinn  and  Towne  in  the  demonstration  test  at  Inspiration  used  car- 
borundum stones  as  the  porous  medium  through  which  the  air  is  injected 
into  the  pulp. 


XaroJndAfifeifion  Tonki 


I         Tiir^ 
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FiQ.  6. — Otttunb  op  Flinn-Townb  Flotation  Installation. 


Cole-Bergman  InatdUation 

The  Flinn-Towne  machine  was  withdrawn  from  the  contest  after  a 
competitive  test  between  this  machine  and  others  had  run  for  several 
moDths,  although  the  results  obtained  looked  very  encouraging.  Its 
place  was  taken  by  a  flotation  machine  designed  by  Messrs.  Cole  and 
Bergman. 

Their  machine  is  illustrated  in  Fig.  7.  In  principle  the  cells  are 
similar  to  those  of  the  FUnn-Towne  machine.  Evidently,  the  designers 
tried  to  improve  on  this  system  by  mechanically  developing  the  idea 
underl3ring  the  machine,  and  by  changing  one  point,  which  in  their 
opinion  formed  a  weak  part  of  the  Flinn-Towne  machine.    This  is  the 
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construction  of  the  porous  diaphragm,  which,  as  explained  below,  was 
formed  by  a  round  carborundum"  disk.  While  carrying  on  the  test  of 
the  Flinn-Towne  machine,  it  proved  necessary  occasionally  to  wash  the 
carbonmdum  stones  by  injecting  a  water  pipe  from  the  top  and  even  by 
removing  the  stones  and  cleaning  them  with  water,  acids,  etc.  Messrs. 
Cole  and  Bergman  ascribed  this  deficiency  to  the  fact  that  on  account  of 
the  horizontal  position  of  the  porous  medium,  sand  had  a  tendency  to 
lodge  thereon  and  to  impede  or  prevent  the  passage  of  air  through  the 
pores.  They  substituted,  therefore,  a  system  of  perforated  tubes  covered 
with  a  suitable  fabric,  such  as  canvas  or  flannel.  This  led  to  the  construc- 
tion of  a  porous  medium  in  the  form  of  a  grate,  as  shown  in  the  illustra- 
tions. Their  idea  seems  to  be  a  very  happy  one,  as  it  makes  it  possible 
to  apply  the  flotation  process  to  ore  pulps  containing  comparatively 
coarse  particles  of  sand;  for  instance,  it  seems  possible  to  treat  with  this 
n^achine  ore  mixtures  that  contain  sand  particles  as  coarse  as  10-mesh  and 
perhaps  even  coarser.  Using  this  machine,  the  millman  is  now  in  a  posi- 
tion to  treat  slime  by  flotation  without  the  necessity  of  removing  it  from 
admixture  with  sand.  The  Cole-Bergman  machine  has  given  good  results 
in  our  tests,  as  have  the  rest  of  the  machines  utilizingthe  pneumatic  prin- 
ciple. It  was  operated  in  conjunction  with  a  smaller  machine  of  the  same 
t3rpe  installed  for  the  purpose  of  cleaning  the  concentrates  produced  on 
the  larger  machine. 

Methods  Followed  in  Competitive  Tests 

In  the  interest  of  a  fair  contest  between  the  flotation  machines  of  the 
different  types,  each  machine  was  provided,  as  nearly  as  possible,  with 
the  same  character  of  pulp  as  the  rest.  In  the  beginning  tliis  was  ac- 
complished by  providing  each  machine  with  one  or  more  pebble  mills 
to  which  feed  was  sent  in  such  quantities  that  a  mill  product  of  practic- 
ally the  same  fineness  resulted  in  each  case.  When  the  results  of  the 
coini>etitive  tests  began  to  approach  each  other  very  closely,  the  equali- 
zation of  the  pulp  furnished  to  the  different  machines  was  still  improved 
upon  by  mixing  the  ground  product  discharged  from  all  the  mills,  and 
sending  it  to  a  divider  which  permitted  the  division  into  as  many  parts 
as  there  were  competing  machines,  and  in  any  proportion  desired.  As 
it  had  been  decided  in  former  experiments  not  to  install  tables  ahead 
of  the  flotation  process,  no  preliminary  table  treatment  was  used  during 
the  competitive  tests,  but  each  flotation  system  was  furnished  with  a 
set  of  tables  for  the  retreatment  of  the  flotation  taiUngs.  It  developed 
that  this  was  essential  in  trying  to  arrive  at  a  fair  valuation  of  the  ma- 
chines, as  some  of  the  machines  produced  taiUngs  from  which  additional 
mineral  could  be  extracted  by  the  table  treatment  more  easily  than  from 
the  tailings  of  other  flotation  machines,  the  cause  evidently  being  that 
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flotation  machines  of  one  type  have  a  tendency  to  save  more  of  the  fine 
particles,  while  flotation  machines  of  another  tjrpe  permit  of  a  hetU 
recovery  of  coarser  grains.  Those  flotation  machines  that  make  a  goo 
recovery  on  the  sand,  but  leave  a  larger  percentage  of  mineral  in  tli 
slime,  will  not  benefit  from  a  subsequent  table  treatment  as  much  as  thof 
of  the  other  kind. 

Advardckge  of  Pneumatic  Flotation  Machines 

In  the  course  of  the  tests  at  Inspiration,  the  fact  became  apparei 
that,  by  the  appUcation  of  the  pneumatic  principle,  a  higher  recovery  ( 
the  shme  is  made  possible  than  without  the  utilization  of  injected  ai 
although  the  Standard  Minerals  Separation  machine  also  gives  excellei 
results  when  the  tonnage  is  reduced  to  a  considerably  lower  figure  tha 
the  machine  is  supposed  to  be  able  to  treat  economically. 

Therefore,  in  cases  where  high  power  consumption  is  of  httle  impoi 
tance,'the  Standard  Minerals  Separation  machine  will  fill  the  requirement 
of  a  flotation  machine  remarkably  well.  When,  however,  the  power  coi 
sumed  has  to  be  seriously  considered,  it  seems  advantageous  in  the  ligl 
of  the  Inspiration  experiments  to  make  use  of  pneumatic  flotation  for  tl 
reason  pointed  out  above,  i.e.,  that  poor  work  of  flotation  machines  c 
sands  can  be  made  up  by  a  subsequent  table  treatment,  while  poor  woi 
on  slime  cannot.  Within  certain  limits,  it  is  more  important  to  insii 
on  machines  e£fecting  a  good  slime  recovery  than  on  machines  making 
good  sand  recovery. 

PneurAatic  Machines  of  Minerals  Separation  Co, 

The  Minerals  Separation  Co.,  realizing  this,  offered  to  put  in  the 
subaeration  type  of  machine  which  added  the  advantages  resulting  fro 
the  use  of  injected  air  to  the  advantages  which  their  Standard  machin 
seemed  to  have  in  saving  coarser  mineral.  This  resulted  in  the  constru 
tion  and  testing  successively  of  two  of  their  subaeration  type  machine 
one  in  which  the  old  spitzkastens  still  were  retained,  and  another  one 
which  they  were  dispensed  with.  As  seen  from  the  illustration.  Fig. 
provisions  were  made  in  the  former  machine  to  admit  air  to  the  p\] 
conduits  carrying  the  pulp  from  the  spitzkastens  to  the  agitating  coi 
partments  next  in  succession,  in  order  to  make  this  air  available  to  1 
mineral  to  the  top  of  the  spitzkastens  where  it  can  be  skimmed  off.  T 
agitating  compartments  are  closed  at  the  top  by  covers  set  on  an  inclj 
in  such  a  way  that  the  air  rises  to  the  top  in  the  agitating  compartmei 
and  is  conducted  to  the  spitzkasten,  being  thereby -utilized  for  the  p\irp< 
of  carrying  the  mineral  values. 

This  construction  of  the  Minerals  Separation  Co.  was,  however,  oi 
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an  intermediate  step  toward  the  design  of  the  second-named  machine, 
a  machine  of  greater  simplicity,  which  is  similar  in  principle  to  the  one 


illustrated  in  Fig.  9.     The  machine  cousists  of  a  long  rectangular  tank 
without  any  partitions,  in  which  a  number  of  agitators  revolve,  while  air  is 
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injected  underneath  each  impeller.  We  call  the  machine  the  "Hebbard 
Type"  Minerals  Separation  Machine. 

In  order  to  limit  the  agitation  to  the  lower  part  of  the  machine  and  to 
provide  an  area  of  comparative  quietness  in  the  upper  part,  a  system  of 
baffles  is  arranged  above  the  agitators.  As  a  consequence,  the  froth  is 
given  a  chance  to  separate  out  in  the  upper  portion  of  the  rectangular 
tank,  and  flows  oflf  on  both  sides  lengthwise  into  launders  provided  for 
the  purpose. 

This  machine  marks  an  important  progress  in  the  development  of 
the  Minerals  Separation  flotation  systems  toward  increased  recovery  of 
copper,  at  least  as  far  as  the  Inspiration  ores  are  concerned.  In  our  tests 
it  effected  a  higher  recovery  of  the  fine  mineral  particles  than  the  old 
machine  had  accomplished.  The  machine  also  has  the  advantage  of 
greater  simplicity  and  relatively  low  power  consumption.  The  only 
drawback  that  we  have  found  in  the  operation  of  the  machine,  extending 
over  a  number  of  months,  is  that  the  agitating  shafts,  which  are  suspended 
from  above,  have  a  tendency  to  bend  and,  if  not  straightened,  soon  cause 
the  impeller  blades  to  strike  against  the  baffles,  breaking  one  or  the  other.  ^ 

Float  Skimming  Device 

While  the  competitive  tests  of  the  different  flotation  machines  were 
being  conducted,  it  was  observed  that  large  quantities  of  mineral  froth 
frequently  appeared  in  the  tailings  launders.  The  idea  suggested  itself 
to  remove  the  froth,  thus  increasing  the  recovery  obtained  in  the  flotation 
machines  and  concentrating  tables  by  an  additional  small  amount.  After 
some  experimenting,  a  way  was  found  in  which  this  could  be  easily  ac- 
complished. The  tailings  launder  was  widened  and  deepened  for  some 
distance.  The  tailings  stream  was  forced  to  pass  underneath  a  baffle  on 
entering  the  widened  space,  and  was  also  forced  to  travel  under  another 
baffle  board  at  the  end  of  the  space,  thus  being  made  to  rise  through  the 
restricted  area  formed  by  the  tailings  end  baffle  and  the  back-wall  of  the 
float-saving  device,  which  is  illustrated  in  Fig.  10. 

Contrary  to  what  might  be  expected,  tailings  sand  of  the  fineness  of 
Inspiration  tailings  will  not  lodge  in  the  widened-out  space  unless  the 
length  is  greater  than  a  certain  critical  distance,  nor  will  it  choke  the 
upward  channel  in  the  tailings  end  of  the  machine.  Wlien  conditions 
demanded  the  construction  of  the  float-saving  device  in  greater  length,  it 
was  found  that  the  accumulation  of  sand,  which  has  a  tendency  to  form 
in  the  middle  of  the  machine,  can  be  avoided  by  arranging  an  additional 
baffle  not  reaching  quite  to  the  bottom  in  the  center  of  the  machine.     If 

*  This  trouble  is  alleviated  in  the  Hebbard  machines  turned  out  more  recently  by 
the  Minerals  Separation  Co.  by  the  provision  of  suitable  bearings  for  the  impeller 
shafts  in  the  bottoms  of  the  machines. 
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the  machine  is  built  longer  yet,  more  than  one  intermediate  baflBe 
necessary.  The  explanation  for  this  behavior  of  the  pulp,  which  at  fi 
glance  might  seem  paradoxical,  is  that,  on  account  of  reduced  passage^i 
between  the  lower  part  of  the  baffles  and  the  bottom  of  the  machine, ' 
pulp  is  forced  to  travel  through  at  speed  so  high  that  it  will  not  pen 
the  settUng  out  of  sand.  As  a  consequence,  a  hydrostatic  head  ^ 
establish  itself  between  front  and  back  of  such  a  baffle  and  has  to  be  tal 
care  of  in  the  design.     It  is  found,  however,  in  actual  practice,  that 
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Fig.  10. — Diagram  Showing  Origin  and  Development  of  Inspiration  Flk>ta< 

Machine. 


hydrostatic  head  required  to  keep  the  sand  from  settling  out  by  crea 
an  accelerated  current  underneath  the  baffle  is  relatively  small. 

A  similar  consideration  explains  the  fact  that  the  upward  tail 
passage  at  the  end  of  the  machine  has  very  Uttle,  if  any,  tendenc; 
choke;  to  take  care,  however,  of  possible  choke-ups  that  might  be  cai 
by  the  discharge  of  coarse  rocks,  pieces  of  wood,  etc.,  into  the  pulp,  it 
found  advisable  to  arrange  some  air  jets  in  the  bottom  of  the  upi; 
tailings  passage  to  assist  in  clearing  it  whenever  necessary. 
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Inspiration  Flotation  Machine 

This  device  was  in  actual  operation  for  several  months  at  our  test 
mill  and  made  itself  pay  well  by  adding  about  1  per  cent,  to  the  recovery 


actually  obtained.    The  question  then  presented  itself  as  to  whether  this 
device,  which  was  successful  in  saving  mineral  escaping  from  the  flotation 
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machines  could  not  be  transforiilied  into  a  flotation  machine  itself  b^ 
arranging  for  the  injection  of  finely  distributed  air  into  the  pulp  passini 
through  the  machine.  The  development  of  the  idea  led  to  what  we  cal 
our  Experimental  Inspiration  Flotation  Machine,  which  was  built  on  i 
small  scale,  that  is  of  a  size  to  treat  up  to  100  tons  in  24  hr.,  and  wai 
placed  in  competition  with  the  other  flotation  machines  already  in  exist 
ence.  This  machine  is  illustrated  in  Fig.  11.  The  air  was  injectec 
through  a  porous  bottom  arranged  in  a  way  similar  to  the  bottoms  of  th( 
Callow  and  Flinn-Towne  machines  (as  a  matter  of  fact,  a  Callow  botton 
was  used  in  the  first  tests)  and  the  concentrate  flowed  over  the  edge  oi 
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Fig.  12. — Tests  with  Callow  Cbllb  in  Ssbibs. 


one  side  of  the  flotation  tank.  The  mode  of  operation  followed  was  a] 
similar  to  the  one  developed  for  the  other  air  machines.  <^  A  low-gra 
concentrate  was  produced  and  retreated  on  a  similar  machine  of  the  sai 
construction,  called  the  cleaner  machine,  the  tailings  from  which  w< 
returned  to  the  head  of  the  roughing  flotation  machine.  As  wiU  be  sc 
from  the  drawing,  the  construction  of  this  machine  is  extremely  sim 
and  comes  pretty  near  to  an  ideal  of  Mr.  Mills,  our  general  manager,  ^ 
prophesied  that  the  flotation  machine  of  the  future  would  be  nothing  1 
a  launder  with  provisions  for  injection  of  air.  The  method  of  eflfect 
the  concentration  in  two  stages  was  also  followed  when  the  new  tyi>« 
the  Minerals  Separation  machines  were  put  into  commission. 
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Arrangement  of  Callow  CeUs  in  Series 

In  principle,  the  Inspiration  machine  shows  one  difference  from  the 
Callow  machine;  viz.,  that  instead  of  splitting  the  pulp  between  a  great 
number  of  machines,  it  is  forced  to  travel  through  a  series  of  compart- 
ments in  succession.  This  is  the  same  policy  that  had  also  been  followed 
in  the  construction  of  the  Minerals  Separation  machines.  The  question 
then  came  up,  whether  it  might  not  be  of  advantage  to  arrange  the  Callow 
cells  also  in  series.  To  test  out  the  idea,  the  flow,  sheet  of  the  Callow 
plant  was  changed  (see  Fig.  12).  The  primary  feed  was  sent  to  two  of 
the  cells,  the  other  cells  receiving  the  tailings  from  these  primary  ceUs. 
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Fig.  13. — Tests  with  Callow  Cells  in  Series  with  Classifiers  Between. 

This  arrangement  showed  at  least  no  disadvantage  over  the  multiple 
treatment;  it  seemed  superior  to  the  other  system  in  the  one  respect  that 
it  showed  at  a  glance  whether  the  cells  were  operated  well,  because  in 
that  case  most  of  the  concentrate  would  be  produced  on  the  primary 
cells  while  the  secondary  cells  would  produce  a  rather  light-colored  froth 
and  would  add  only  a  small  fraction  to  the  recovery  made  on  the  primary 
cells.  -  Both  primary  and  secondary  concentrates  were  treated  jointly  in 
a  cleaner  cell,  while  the  tailings  from  the  secondary  cells  were  conveyed 
to  a  number  of  concentrating  tables  for  retreatment. 

A  variation  of  the  latter  flow  sheet  was  also  tested  (compare  Fig.  13). 
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Between  the  primary  and  secondary  cells,  a  cone  classifier  was  interpoa 
for  the  purpose  of  making  a  separation  between  the  sand  and  slime.  Tl 
slime  was  sent  to  the  secondary  flotation  machines,  while  the  sand  w 
passed  to  tables.  This  latter  flow  sheet  was  finally  decided  upon  for  tl 
Callow  installation  in  the  large  concentrator.  Tests  made  with  the  obje 
of  establishing  which  of  the  two  is  superior,  resulted  in  a  tie.  Some  of  tl 
figures  on  this  point  are  given  in  Table  2. 


Table  2. — Retreatment  of  Tailings  from  Two  Callow  Cells.  Comparison 
Results  Obtained  from  Two  Different  Methods  as  Shovm  in  Figs.  12  and  1 
Screen  Analysis  of  Feed  and  Tails  of  Secondary  Callow  Cells 


System  1 

System  2 
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Feed 

Tails 

Feed 

Tails 

Per  Cent. 
Wfnght 
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Con- 
tent* 

Per  Cent. 
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Per  Cent. 
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Cu 
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9^       Pi 
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div. 
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dir. 
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In- 
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Cum. 

In- 
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^1 

65 
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6.0|  6.0 

10.0114.0 

32.2  13.2 

42.4  10.2 

100.0  57.6 

0.29 
0.25 
0.29 
0.33 
0.35 

0.014 
0.035 
0.039 
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0.201 

6.0 

19.2 

82.4 

42.8 

100.0 

6.0 
14.2 
18.2 
10.4 
57.2 

0.21 
0.15 
0.16 
0.21 
0.27 

0.011 
0.021 
0.021 
0.022 
0.166 

0.05 
Q.06 
0.10 
0.11 
0.20 
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8.0 

81.4 

0.20 
0.26 
0.80 
0.40 

0.007 
0.017 
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4.0 
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0.17  0.( 
0.14  0.( 
0.25  0.( 
0.300. J 
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0.32 
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0.23 
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0.16 
0.15 

0.374 
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...... 

0.28fO  1 

lydir© 

ot.... 

.... 

.... 

.... 

0.26 

Note. — The  concentrates  from  the  flotation  cells  were  in  both  cases  retreated 

half-size  Callow  cells,  the  retreatment  tailings  being  returned  to  the  head  of  the  p 

mary  cells. 

Ton  per 
Primary  Cdl 

Tonnage  rate  in  system  1 49. 3 

Tonnage  rate  in  system  2 47. 5 

Conclusions. — No  advantage  is  apparent  in  favor  of  either  system.  System 
be  installed  should  be  decided  from  mechanical  points. 

Varialions  of  Flow  Sheet 

In  the  way  of  other  flow  sheet  variations,  etc.,  only  one  thing  was  tri 
to  any  extent;  that  is,  whether  it  is  wise  to  send  the  cleaner  tailings  ba 
to  the  head  of  the  rougher  machine  for  retreatment.  In  the  limited  ti 
at  our  disposal,  it  proved  impossible  to  substitute  something  better,  1 
the  chances  are  that  the  same  holds  true  of  flotation  that  is  true  for  wa 
concentration;  viz.,  that  middlings  are  snnt  back  for  retreatment  mai: 
because  the  designer  does  not  know  anything  better  to  do  with  th< 
In  principle  it  seems  wrong  to  follow  this  practice,  because,  when  hei 
copper  losses  occur  in  concentrating  machines  which  express  themsel 
in  high  tailings,  there  is  always  a  doubt  as  to  whether  this  is  due  to  p 
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recovery  made  in  the  primary  treatment  or  to  heavy  losses  incurred  by 
middlings  sent  back  for  retreatment.  ^ 

Coal  Tar  as  Flotation  Agent 

It  was  to  be  expected,  when  the  flotation  process  was  installed  in  our 
test  plant,  that  there  would  be  ups  and  downs  in  the  recovery  because 
the  process  was  rather  new,  especially  in  its  application  to  chalcocite  ores. 
For  the  month  of  June,  1914,  the  recovery  obtained  in  the  test  mill  showed 
a  sudden  drop,  and  the  serious  problem  confronted  us  of  establishing  the 
cause  and  finding  a  remedy.  Some  of  the  flotation  experts  suggested 
that  it  might  be  due  to  the  fact  that  a  new  shipment  of  cresylic  acid  which 
had  been  received  and  used  at  that  time  might  not  fill  the  specifications 
of  being  98  per  cent.  pure.  We  did  not  feel  competent  to  say  whether 
the  impurities  actually  amounted  to  more  than  2  per  cent.  We  were, 
however,  inclined  to  think  that  perhaps  cresylic  acid,  which  is,  as  is  well 
known,  one  of  the  products  resulting  from  fractional  distillation  of  coal 
tar,  might  not  represent  the  fraction  most  suitable  for  the  flotation  of 
our  ores.  Having  no  coal  tar  available  in  the  neighborhood,  we  proceeded 
to  make  some  by  distilling  a  sample  of  ordinary  New  Mexico  soft  coal 
and  separating  the  tar  thus  formed  into  the  fractions  distilling  off  at 
different  temperatures. 

Our  facilities  for  testing  oils  were  limited  at  that  time.  The  Minerals 
Separation  Co.'s  representative  did  not  believe. in  small-scale  tests,  and 
for  this  reason  did  not  recommend  experiments  with  small  testing  machines. 
Nevertheless,  it  seemed  desirable  to  have  something  with  which  to  carry 
out  small-scale  laboratory  experiments.  Dr.  Ricketts,  who  was  aware 
of  our  troubles  and  realized  the  importance  of  such  tests,  was  kind  enough 
to  send  us  a  little  electrically  operated  emulsifying  machine,  which  served 
admirably  for  qualitative  tests.  We  also  built  a  testing  machine  based 
on  the  principle  of  the  Standard  Minerals  Separation  machine,  with  the 
difference,  however,  that  instead  of  sending  the  pulp  from  one  agitating 
compartment  to  a  spitzkasten  and  then  into  another  agitating  compart- 
ment and  spitzkasten,  we  made  the  pulp  return  from  the  first  spitzkasten 
to  the  original  agitator,  forcing  it  to  revolve  in  a  closed  circuit.  Our 
laboratory  machine  is  illustrated  in  Fig.  14.  Lately,  a  machine  based  on 
the  same  principle  has  been  put  on  the  market  and  is  sold  by  the  Denver 
Fire-Clay  Co.  Thus,  we  had  a  chance  to  try  the  different  fractions  of 
our  home-made  coal  tar. 

The  chemist  who  conducted  these  tests  (Mueller)  hit  on  the  idea  that 
it  might  be  well,  in  addition  to  tr3ring  the  different  fractions,  also  to  test 
the  coal  tar  as  a  whole.  The  results  were  very  surprising,  since  they 
showed  that  by  the  addition  of  crude  coal  tar  we  could  effect  a  greater 
recovery  than  we  were  able  to  obtain  by  the  use  of  highly  refined  cresylic 
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acid.  From  this  point  dates  our  experience  that  it  is  better  to  use  cos 
tar  than  soluble  flotation  agents  like  cresylic  acid  to  save  coarse  minera 
Cresylic  acid  is  an  extraordinarily  good  agent  for  producing  froth,  bu 
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the  froth  which  it  produces  does  not  seem  to  have  as  much  carrying  povi 
for  coarse  mineral  as  that  produced  by  coal  tar.  Not  all  coal  tars  a 
equally  good  for  this  purpose.  Tests  in  laboratory  machines  easily  sh< 
the  difference  between  coal  tars  of  different  origin. 
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The  system  that  we  used  to  carry  out  such  tests  has  been  described, 
although  without  authorization,  by  William  A.  Mueller,  one  of  my 
former  assistants  who  took  part  in  these  laboratory  tests.* 

It  is  difficult  to  utilize  coal  tar  in  plants  using  flotation  supplementary 
to  gravity  concentration,  on  account  of  the  fact  tha^  it  is  not  easy  to 
effect  a  good  amalgamation  of  tar  with  the  pulp  in  agitating  tanks,  and 
even  in  mechanical  flotation  machines.  The  use  of  coal  tar  lends  itself 
very  well  indeed  to  the  system  of  feeding  tar  into  the  grinding  machines, 
a  system  that,  as  mentioned  above,  had  been  worked  out  in  our  small 
test  mill  and  patented  by  Mr.  Chapman. 

The  company  is  indebted  to  Mr.  Callow  for  proving  the  merits  of 
coal-tar  creosote  as  a  flotation  agent  by  using  it  in  his  demonstration  plant 
at  Inspiration.  After  we  had  established  the  value  of  coal  tar  by  labora- 
tory tests,  and  while  efforts  were  being  made  to  obtain  it  commercially, 
he  apphed  creosote  successfully.  We  have  continued  to  use  it  for  a 
long  time,  mostly  in  combination  with  coal  tar,  and  have  only  recently 
dropped  it,  as  we  find  crude  coal  tar  cheaper  and  better. 

Experience  with  Primary  Slime 

After  the  first  difficulty  that  we  encountered  in  our  large-scale  tests 

had  been  solved  by  the  introduction  of  coal  tar  into  the  flotation-oil 

mixture  so  far  used,  things  went  along  fairly  well  for  some  time  until  a 

new  difficulty  was  encountered.     It  happened  that  once  in  a  while  an 

abundant  froth  was  produced  on  the  flotation  machines,  but  this  froth 

seemed  to  have  very  little  carrying  power  for  the  mineral  contents  of  the 

ore  and  held  mainly  finely  divided  gangue.     It  was  observed  that  this 

phenomenon  occurred  with  special  severity  whenever  the  ores  shipped 

to  the  test  mill  contained  a  large  amount  of  fines  and  a  small  amount  of 

coarse  rock.     It  was  attributed,  therefore,  to  the  presence  of  what  may 

be  called  primary  slime,  i.e.,  sUme  not  formed  by  the  crushing  of  ore  in 

the  niiU,  but  originating  from  the  mine.     That  the  falling  down  of  the 

flotation  machines  was  caused  by  variation  of  the  ores  was  proven  by  the 

fact  that  samples  of  the  refractory  ores  whfen  treated  in  the  laboratory 

testing  machine,  gave  as  unsatisfactory  results  as  the  corresponding  ore 

did  in  the  big  flotation  machines.     To  demonstrate  that  the  presence 

of  the  original  sUme  caused  the  trouble,  samples  of  the  mill  feed  were 

separated  by  screening  them  on  a   200-mesh  screen.     The  oversize, 

when  reduced  to  the  proper  fineness  for  flotation  treatment,  did  not 

offer    the   least   trouble  and  yielded  a  high-grade  concentrate  in  the 

laboratory  machines,  while  the  undersize  proved  extremely  refractory 

(refer  to  Table  3).     The  same  experiment  was  repeated  on  a  large  scale, 

«  WiUiam  A.  Mueller:  Use  of  Coal  Tar  in  Flotation,  Engineering  and  Mining 
Jaurrud,  vol.  100,  No.  15,  p.  591  (Oct.  9,  1915). 
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the  products  from  a  Marcy  ball  mill  crushed  to  about  6-mesh  bein^ 
treated  on  a  drag  classifier.  The  oversize,  after  being  reduced  in  pebbli 
mills  to  the  necessary  fineness  for  flotation  treatment,  was  sent  to  on< 
group  of  flotation  machines,  while  the  overflow  from  the  drag  classifiei 
was  sent  to  another  group.  Fig.  15  illustrates  the  results  of  this  experi 
ment.     While  the  reground  oversize  yielded  remarkable  lean  tailings 
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the  product  containing  the  primary  slime  could  not  be  treated  adva 
tageously  by  flotation.  We  were  almost  on  the  ix)int  of  concluding  tk 
in  order  to  get  the  best  results,  a  separation  of  the  primary  slime  shou 
be  made  in  our  large  mill  and  flotation  should  not  be  entirely  relied  up( 
for  the  treatment  of  the  slime.  Before  finally  deciding  on  this  poii 
however,  some  additional  laboratory  experiments  were  made  to  stu< 
the  influence  of  the  primary  slime  on  flotation.    These  tests  establish^ 


Digitized  by 


Google 


RUDOLF  GAHIi 


1655 


Table  3.— Screen  Analysis  of  Ore  Drawn  from  Mill  Bins  and  Flotation 
Tests  of  Different  Screen  Sizes 


Weighto,  Per  Cent. 

Percent. 
Total 
Copper 

Copper 
Contents 

Per  Cent. 

OzidUed 

Copper 

Contents 
Ox.  Ctt 

Flotation  ResulU 

Screen  Sue 

Gumul. 

Indiv. 

Tails 

Midd8.+ 

Cone. 

Per  Cent. 

Inches 

+      1 

30.8 

30.8 

1.06 

0.324 

0.13 

0.40 

0.22 

12.« 

80.5 

+  H 

47.9 

17.1 

1.34 

0.329 

0.11 

0.19 

0.22 

17.4 

84.7 

Mesh 

-f      4 

70.9 

23.0 

1.44 

0.332 

0.12 

0.28 

0.17 

17.1 

89.0 

-f      8 

75.2 

4.3 

1.42 

0.061 

0.12 

0.05 

0.17 

16.3 

88.8 

-h    14 

80.3 

6.1 

1.77 

0.068 

0.13 

0.07 

0.26 

16.8 

86.7 

-h    28 

84.4 

4.1 

2.14 

0.080 

0.14 

0.06 

0.61 

16.3 

74.3 

-f    48 

87.5 

3.1 

2.62 

0.081 

0.19 

0.06 

0.72 

11.3 

77.5 

+  100 

89.9 

2.4 

3.29 

0.079 

0.24 

0.06 

0.63 

22.5 

83.1 

+  200 

91.9 

2.0 

3.16 

0.063 

0.27 

0.05 

0.60 

20.1 

83.5 

-200 

100.0 

8.1 

1.53 

0.124 

0.43 

0.35 

1.57 

1.48 

None 

100.0 

1.44 

1.441 

0.16 

0.157 
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FlO.   16. — iNFLirBNCB  ON  FLOTATION  OF  MiXINQ  PrIMABY  SlIMB  AND 

Rbground  Sand. 
The  +  l«m.  and  +  3^-in  sizes  resulting  from  the  screen  analsrsis  were  ground  to 
10  mesh,  mixed  with  vaiying  amounts  of  —  200  material  and  the  inixtures  ^und  with 
the  usual  amounts  of  oU  in  the  laboratory  ball  mills.    After  this  prelimmary  treat- 
ment, the  samples  were  treated  in  the  laboratory  flotation  machines. 

one  fact  quite  well,  which  is,  that  when  refractory  slime  is  mixed  with  a 
sufficient  quantity  of  coarse  ore  ground  to  the  necessary  fineness,  in  other 
words,  when  the  percentage  of  primary  slime  in  the  flotation  feed  is  kept 


Digitized  by 


Google 


1656        msTORY  OF  the  flotation  process  at  inspiration 

low,  the  slime  loses  its  refractory  character.  I  do  not  mean  to  say  tha 
by  reducing  the  quantity  of  primary  slime,  the  deleterious  influence  i 
reduced  in  proportion  so  that  it  cannot  be  detected  as  easily,  but  conclud 
from  our  tests  that  when  the  flotation  feed  contains  a  sufficient  percentag 
of  comminuted  coarse  rock,  the  primary  slime  contained  in  it  can  b 
treated  more  advantageously  than  it  could  by  itself.  Some  tests  bearini 
on  this  point  are  illustrated  in  Fig.  16.  They  indicate  that  as  high  ai 
amount  as  20  per  cent,  primary  slime  may  be  mixed  with  ground  coarsi 
ore  without  causing  increased  tailing  losses. 

The  concentrates,  according  to  this  set  of  tests,  seem  to  have  a  tend 
ency,  however,  to  carry  more  insoluble  matter  with  an  increasing  per 
centage  of  slime. 

Influence  of  Iron  on  Flotation 

While  these  tests  were  in  progress,  we  made  another  accidental  dis 
covery  which  proved  very  helpful  to  us.  In  our  tests  on  the  most  eco 
nomical  way  of  reducing  the  ore  to  the  fineness  necessary  for  flotatioi 
we  had,  among  other  machines,  a  ball  mill  in  competition  with  pebbl 
mills.  In  the  ball  mill,  steel  balls  performed  the  duty  that  in  pebbl 
mills  was  done  by  flint  pebbles. 

For  a  while,  the  ball-mill  discharge  was  treated  on  one  flotatioi 
machine,  while  the  pebble-mill  discharge  was  treated  on  a  group  of  others 
While  this  flow  sheet  was  being  followed,  we  thought  we  noted  that  \ 
flotation  machine  treating  the  ball-mill  product  showed  the  influence  o 
the  primary  slime  to  a  lesser  extent  than  the  flotation  machine  treatinj 
the  pebble-mill  product.  In  a  discussion  with  Dr.  Ricketts  and  Mi 
Mills,  the  question  was  raised  as  to  whether  the  iron  introduced  in  th 
mill  pulp  by  the  attrition  of  the  balls  might  not  have  something  to  d< 
with  the  fact.  The  question  was  accordingly  made  the  subject  of  som 
laboratory  experiments.  The  results  of  a  series  of  such  experiments  ar 
represented  in  Table  4,  and  proved  conclusively  that  the  iron  had  ; 
beneficial  influence  on  flotation  in  counteracting  the  harmful  effect  c 
the  primary  sUme.  This  discovery  was  one  of  the  inducements  for  in 
stalling  ball  mills  in  the  big  concentrator,  while  originally  pebble  mil] 
had  been  considered  for  this  purpose. 

We  have  not  yet  reached  a  point  where  we  can  safely  give  the  reaso 
for  the  action  of  the  iron  introduced  into  the  flotation  pulp.  It  is  sur< 
from  the  experiments  referred  to,  that  the  same  results,  as  by  grindin 
with  balls,  could  be  obtained  by  introducing  the  iron  in  finely  divide 
form,  say  in  the  form  of  filings,  into  a  pebble-mill  pulp.  We  suppose 
for  a  while,  and  I  am  not  yet  certain  that  this  supposition  is  incorred 
that  the  metallic  iron  might  react  on  the  impurities  contained  in  solutio 
in  the  mill  water  and  introduced  therein  with  the  primary  slime.  Vi 
find,  as  a  matter  of  fact,  that  qut  ores  contain  very  little  in  the  nature  < 
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Table  4. — Effects  of  Iron  and  Other  Solids  on  the  Flotation  of  Refractory 

Copper  Ores 


T 


Teat  No. 


Grams 
Ore 


Per 

Cent.   I 
Copper 


Conoentrates 


GramB  ! 
Copper 


Per 
Grams    Cent. 
Cu 


Grams 
Cu 


Re- 
covery 
Per 
Cent. 


Remarks 


I 


F21 
F22 

F27  j 
F28 
F45  I 
F46 
F47  I 
F48  ' 
F49  I 

F50 

i 
F51  I 

F52  I 

F53  ' 

F54  , 
F56 

F56  I 

F64  I 

L27  ; 
L28 

L29  I 

L30 


750 
750 
750 
750 
750 
750 
750 
750 
750 

750 

750 

750 

750 
750 
750 
750 
750 

750 
750 
750 

750 


2.01 
2.01 
2.01 
2.01 
2.01 
2.01 
2.01 
2.01 
2.01 

2.01 

2.01 

2.01 

2.01 
2.Q1 
2.01 
2.01 
2.01 

1.10 
1.10 
1.10 


15.07 
I  16.07 
16.07 
16.07 
16.07 
16.07 
15.07 
16.07 
16.07 

16.07 

!  16.07 

I  15.07 

'  15.07 
16.07 
16.07 
16.07 
16.07 

12.76 
12.75 
12.75 


1.10  '  12.76 


46 

47 
43 
47 
61 
48 
27 
28 
62 

63 

60 

62 

29 
30 
59 
66 
66 

37 
34 
76 

83 


23.66 
29.62 
27.10 
26.90 
23.84 
26.60 
8.80 
8.34 
20.14 


10.65 
11.62 
11.66 
12.64 
12.16 
12.29 
2.38 
2.34 
12.49 


70.7 
76.4 
77.6 
84.0 

80.7  ' 
81.6 

15.8  I 
16.5  ' 
83.0  I 


20.10  '  12.66   84.0 


18.82   11.29   75.0 


I 
19.54   12.11   80.6 


I 


6.16 

1.79 

11.9 

7.96 

2.39 

15.9 

21.08 

12.44 

82.7 

26.80 

14.45 

96.0 

19.52 

12.69 

81.9 

28.42 

10.51 

81.7 

28.46 

9.85 

78.3 

5.66 

4.60 

33.4 

5.06 

4.20 

32.9 

i 

Added  10  g.  iron  filings. 
Added  10  g.  iron  filings. 
Added  2  g.  iron  filings. 
Added  2  g.  iron  filings. 
Added  10  g.  iron  filings. 
Added  10  g.  iron  filings. 
Blank  with  no  «olids  added. 
Blank  with  no  solids  added. 
Added   10  g.   miscellaneous  iron 

filings  from  shops. 
Added   10  g.   miscellaneous  iron 

filings  from  shops. 
Same  as  F49  and  F60  by  different 

observer. 
Same  as  F49  and  F60  by  different 

observer. 

Blank  with  no  solids  added. 
Blank  with  no  solids  added. 
Added  10  g.  iron  filings. 
Added  10  g.  iron  filings. 
Ground  in  mill  with  steel  balls 

instead  of  pebbles. 
Blank  on  good  flotation  ore. 
Blank  on  good  flotation  ore. 
Identical  conditions  as  L27  and 

L28  but  added  ID  g.  sine  filings. 
Identical  conditions  as  L27  and 

L28  but  added  10  g.  sine  filings. 


soluble  salts,  and  that  whatever  they  do  contain  is  mainly  confined  to  the 
primary  slime.  For  this  reason,  in  laboratory  tests  we  have  tried 
repeatedly  to  substitute  pure  water  for  the  water  contained  in  the  mill 
pulp.  In  every  case,  we  have  noted  some  improvements  in  the  results 
obtained.  We  have  also  found  that  when  we  separate  the  water  from  the 
refractory  pulp,  treat  it  with  iron  filings,  and  add  it  to  the  original  pulp 
again,  we  get  a  certain  improvement  in  the  recovery,  but  we  have  not 
been  able  to  get  an  improvement  equally  as  good  as  that  obtained  by 
direct  introduction  of  finely  divided  iron  into  the  pulp.  For  this  reason, 
we  have  often  thought  that  the  effect  of  iron  is  physical  rather  than 
chemical  in  character.  The  iron  exists  in  the  pulp,  at  least  partly,  in 
the  metallic  form,  as  can  be  proven  by  the  use  of  the  magnet.  If  neces- 
sary, the  effect  of  the  iron  could  be  increased  by  removing  the  iron  con- 
tained in  the  tailings  pulp  by  means  of  electromagnets  and  returning 
it  to  the  mills  or  the  flotation  machines.  Although  we  have  consid- 
ered the  possibility  of  applying  this  fact  commercially,  we  have  not  yet 
done  so. 

I  have  been  told  by  several  people  that  they  have  tested  the  influence 
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of  finely  divided  iron  on  their  ores  and  have  not  obtained  any  improve- 
ment whatever.  This  shows,  evidently,  that  metallic  iron  is  not  a  uni- 
versal remedy  for  all  flotation  troubles,  but  as  far  as  our  primary  slime 
is  concerned,  our  experience  leaves  no  doubt  about  its  usefulness,  anfl  I 
believe  the  figures  quoted  above  are  positive  enough  to  bear  out  my 
statement.  As  a  curiosity  I  have  included  in  Table  4  some  figures  show- 
ing the  influence  of  the  addition  of  zinc  filings  to  ore  that  without  the 
addition  does  not  offer  any  difficulty  in  the  flotation  treatment. 

Injluence  of  Chemicals  on  Primary  Slime 

We  also  found  that  the  harmful  influence  of  primary  slime  can  be 
counteracted  by  the  introduction  of  certain  chemicals;  for  instance,  we 


-  -  -      - "                            X 

, 

AA                                         ,..,.,..,.,,.                ,,,...,_,.         _     .          ,       ,  , 

.60         -                                                                 ,             H^- 

M                                                                                                                                                                 -J  i- 

8 

g«40 

|-»                                     ^^ 

2                                          :                     5L_ 

i                          ^'     •'                         ^^          :; 

O  iwt                            '  L                                               -                                                                   - 

u-»                                  ^                                                                            it               ._                                                  ± 

£ 

m 

«A                                                                                                                                                                  1     ,           ^                 .ji  .   .          1.. —          ..__^_ 

► 

0128466789 
Per  Cent  Ovenise  on  48  Mesh 

FiQ.  17. — Relation  between  Coarseness  of  Flotation   MAcmNE  Feed  ani 
Copper  Sulphidb  Assay  of  Callow  Flotation  Taiunq. 


have  used  advantageously  soeiium  hydroxide  or  potassium  cyanide.  The 
use  of  sodium  hydroxide  was  recommended  to  us  by  the  Minerals  Separa- 
tion Co.,  which;  I  understand,  applied  it  first  in  the  plant  of  the  Caucasus 
Copper  Co. 

Fineness  of  Crushing  Desired 

Tests  to  determine  the  most  advantageous  fineness  for  treatment  ol 
the  ore  according  to  our  flow  sheet,  i.e.,  flotation  machines  followed  by 
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tables,  naturally  formed  an  essential  part  of  our  tests.  Results  of  this 
character  are  plotted  in  Figs.  17  and  18  and  seem  to  indicate  that  to  get 
the  best  results  grinding  should  be  carried  to  such  a  point  that  not  more 
than  about  1  or  2  per  cent,  of  the  pulp  will  remain  on  a  48-mesh  screen 
(Tyler  type) .  The  grinding  at  our  large  concentrator  is  at  present  carried 
closely  to  this  point. 
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Fio.  18. — Relation  betwebn  Coa^sbnbsb  of  Flotation  Machine  Feed  and  Copper 
Sulphide  Assay  of  Callow  Table  Tailing. 


Operation  of  Large  Concentrator 

Flow  Sheet  of  Callow  Sections 

The  first  four  sections  of  the  Commercial  Concentrator  of  the  Inspira- 
tion company  were  equipped  with  Callow  flotation  machines.  The  flow 
sheet  followed  in  these  sections  is  illustrated  in  Fig.  19.  As  will  be  seen 
from  this  illustration,  the  ore,  after  having  been  reduced  to  the  desired 
fineness,  and  having  been  oiled  in  the  Marcy  ball  mills,  is  sent  to  12  (in 
other  sections  8)  Callow  cells.  The  tailings  from  these  primary  cells 
are  sent  to  a  drag  classifier  designed  by  Mr.  Burch,  which  effects  a  sepa- 
ration of  sand  and  slime.  The  slime  is  retreated  in  12  (in  other  sections 
16)  additional  Callow' cells,  while  the  sand  is  sent  to  a  hydraulic  classifier 
and  then  to  tables.  The  concentrates  made  both  on  the  primary  and  the 
secondary  Callow  cells  are  retreated  in  a  group  of  four  Callow  cleaning 
cells  from  which  the  tailings  are  returned  to  the  head  of  the  primary 
Callow  cells.  On  the  tables  of  the  Deister  Machine  Co.  a  separation  is 
made  between  concentrates  and  tailings,  but  no  middlings  are  produced 
and  no  part  of  them  is  reground.  This,  however,  is  probably  only  a 
temporary  arrangement,  the  idea  being  that  a  suitable  regrinding  and 
reconcentration  process  will  be  installed  later,  after  having  been  worked 
out  by  extensive  tests. 
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Flaw  Sheet  of  Inspiration  Sections 

Thirteen  sections  of  the  Inspiration  concentrator  are  equipped  witl 
Inspiration  flotation  machines.  The  flow  sheet  of  these  sections  i 
represented  in  Fig.  20.  The  ore,  after  having  been  crushed  and  oiled 
passes  to  the  head  of  the  flotation  machines  and  traverses  their  whol 
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Fig.  19. — Fiiow  Sheet  of  Inspiration  Concentrator  Sections  Equipped  wit 
Callow  Flotation  Machinss. 


length.  The  resulting  tailings  are  split,  by  the  same  kind  of  a  drag  a 
mentioned  before,  into  a  sand  and  a  slime  product.  The  slime  produc 
is  run  to  waste.  This  is  thought  permissible  because,  after  having  passe 
through  the  whole  length  of  the  flotation  machine,  the  slime  has  bee 
impoverished  to  such  an  extent  that  retreatment  seems  unnecessar] 
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The  sand  product  undergoes  the  same  retreatment  as  that  described  for 
Callow  sections. 
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Fio.  20. — Flow  Sheet  of  Inspiration  Concentrator  Sections  Equipped  with 
Inspiration  Flotation  Machines. 


Inspiration  Flotation  Machine  of  Steel  Constmction 

Fig.  21  shows  the  drawing  of  an  Inspiration  flotation  machine  of  steel 
construction  as  designed  by  Mr.  Burch's  office.  At  the  end  of  each  sec- 
tion of  eight  compartments,  a  pulp  overflow  is  provided  which  regulates 
the  level  of  the  pulp  in  the  preceding  compartments  of  the  flotation  ma- 
chine. The  subdivision  into  two  sections  of  eight  is  made  in  the  interest 
of  closer  regulation  of  the  pulp  levels.  It  had  been  feared  that  if  no  such 
subdivisions  were  made,  and  the  regulation  of  the  levels  accomplished 
at  the  tail  end  only,  appreciable  fluctuations  might  take  place  in  the  com- 
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partments  near  the  feed  end  due  to  changes  in  the  volume  of  pulp  treated, 
and  might  prove  highly  undesirable. 
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One  point  in  the  construction  of  the  Inspiration  flotation  machin* 
in  which  we  take  considerable  pride,  is  the  method  in  which  the  air 
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introduced.    The  machines  have  solid  bottoms;  all  pipe  connections  are 
made  from  above  and  are  at  all  times  visible.     The  porous  bottom  rests  on 
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top  of  the  regular  bottom  of  the  machine  and  is  introduced  from  above. 
It  is  illustrated  in  Fig.  22.    As  will  be  seen,  it  consists  of  a  lower  air 
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chamber  having  partitions  running  lengthwise,  which,  however,  do  n 
extend  down  tO  the  bottom  of  the  air  chamber  and,  for  this  reason,  * 
not  interfere  with  the  interchange  of  air  between  the  narrow  compai 
ments  thus  formed.  A  grate,  which  forms  the  upper  part  of  the  poro 
bottom,  can  be  fastened  to  the  lower  part  by  a  number  of  bolts.  Befc 
putting  them  together,  a  porous  medium  (for  instance,  canvas)  is  plac 
between  the  two  pieces.  The  air  enters  through  a  pipe  from  the  t 
which  screws  into  the  lower  casting.  Arrangements  are  made,  of  cours 
to  secure  an  air-tight  joint  where  the  pipe  passes  through  the  poro 
medium.  When  assembled,  the  bars  of  the  upper  grate  form  chann( 
in  the  lengthwise  direction  of  the  machine.  The  bars  are  the  only  pai 
that  protrude  above  the  canvas  and,  on  accoimt  of  their  arrangeme 
longitudinally,  they  do  not  interfere  with  the  passage  of  pulp  through  t 
machine. 

The  cleaner  cells  consist  of  six  compartments  in  series.  Bo 
rougher  and  cleaner  cells  are  divided  by  a  partition  in  the  middle,  ru 
ning  the  whole  length  of  the  machine.  The  operator  is,  therefore,  enabl 
to  throw  all  the  feed  on  one  side  of  the  machine  when  desired,  thus  p< 
mitting  repairs  to  be  made  on  the  compartments  of  the  other  side  whe 
ever  necessary. 

In  the  beginning,  it  had  been  supposed  that  throwing  all  the  fe 
on  one  side  of  the  flotation  machine  might  seriously  overload  that  si< 
and  for  this  reason,  in  the  first  sections  installed,. provisions  were  made 
permit  removing  and  replacing  the  porous  bottom  from  any  one  compa 
ment  without  interrupting  the  flow  of  pulp.  As  far  as  lifting  out  t 
bottom  is  concerned,  this,  of  course,  can  be  done  in  any  case,  but  wh 
one  of  the  bottoms  is  withdrawn  sand  will  pile  up  to  a  certain  extent 
the  middle  of  the  compartment.  To  remove  this  sand  before  returni 
the  porous  bottom,  a  system  of  perforated  water  pipes  was  installed  un< 
the  air  chamber.  They  allow  the  washing  out  of  the  bottom  of  1 
machine  by  the  appUcation  of  water  pressure. 

Minerah  Separation  Section 

One  section  of  the  concentrator  is  equipped  with  machines  of  1 
Minerals  Separation  Co.,  Hebbard  type.  The  flow  sheet,  as  illustrai 
in  Fig.  23,  is  practically  the  same  as  the  one  shown  in  the  Inspirat 
sections.  The  only  difference  is  that  two  cleaner  cells  in  parallel 
used  in  place  of  the  one  cleaner  cell  of  the  Inspiration  type.  The  dn 
ings  of  the  machine  are  reproduced  in  Fig.  9. 

Filter  Plant 

It^is  necessary  to  reduce  the  ore  to  a  certain  fineness  before  the  inin< 
contents  of  the  feed  can  be  treated  by  flotation,  and  as  fine  concentre 
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have  the  characteristic  of  retaining  water  with  greater  tenacity  than 
coarse  concentrates,  a  filter  plant  is  a  necessary  adjunct  of  a  flotation 
plant.  In  the  Inspiration  mill,  both  the  flotation  and  table  concentrates 
are  sent  to  Dorr  thickening  tanks,  five  of  them  being  60  ft.  in  diameter 
and  three  of  them  80  ft.,  representing  a  total  area  of  about  29,217  sq.  ft.. 
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Fio.  23. — ^Flow  Shebt  of  Inspiration  Concentrator  Section  Equipped  with 
Minerals  Separation  Flotation  Machines. 


or,  as  the  daily  production  of  concentrates  amounts  to  about  600  tons, 
a  settling  area  of  aroimd  48.7  sq.  ft.  per  ton  of  concentrate  sent  to  the 
settling  tanks.  The  settling  tanks  are  each  provided  with  a  double  ring 
of  high  baffle  boards  to  prevent  the  foam  that  forms  on  the  top  from 
contaminating  the  overflow.  The  settling  used  to  be  carried  out  in  two 
steps,   some  of  the  tanks  serving  as  preliminary  settling  tanks,  while 
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others  resettled  the  overflow  from  the  preliminary  tanks.  At  prese 
we  operate  all*  the  concentrate  settling  tanks  in  parallel.  The  spig 
discharges  feed  six  Oliver  filters.  The  ratio  of  solids  to  water  is  about  1. 
to  1  at  this  point.  The  filters  reduce  the  concentrate  moisture  to  j 
average  of  about  17  per  cent,  of  the  wet  pulp.  This  figure  varies,  ho^ 
ever,  within  rather  wide  Umits  from  day  to  day.  The  moisture  contec 
of  the  concentrate  seem  to  depend  in  the  first  place  on  the  percentage 
insoluble  material  contained  in  the  concentrates,  as  will  be  seen  from  tl 
graphic  representation  of  the  relation  between  the  two  things  in  Fig.  2 
It  will  be  noted  that  a  rise  in  the  percentage  of  insoluble  matter  general 
corresponds  to  a  rise  in  the  concentrate  moisture  and  vice  versa. 
moisture  of  17  per  cent,  is,  of  course,  in  excess  of  what  seems  desirafc 
in  view  of  the  fact  that  the  smelter  penahzes  water  contained  in  tl 
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Fig.  24. — Curves  Showing  Relation  between  Moisture  Contents  and 
SOLUBLE  Matter  in  Concentrates.    OcTOBif^  1915. 


concentrates.  For  this  reason,  several  attempts  have  been  made 
reduce  the  moisture.  The  first  plan  followed  was  to  inject  steam  ii 
the  filter  tank,  with  the  object  of  heating  the  pulp.  An  apprecia 
increase  in  the  capacity  resulted  from  this,  while  no  marked  reduction 
the  moisture  contents  took  place.  The  same  effect  was  obtained  by- 
addition  of  slacked  lime,  which  we  tried  lately  in  our  Oliver  filters, 
shows  itself  very  readily  in  the  formation  of  a  thicker  filter  cake,  tl 
causing  a  larger  output  of  the  filters.  We  have,  however,  not  been  a 
to  effect  a  reduction  in  moisture  by  the  use  of  lime.  We  have  adop 
the  addition  of  lime  to  the  filter  pulp  in  regular  operation  on  accouni 
its  decided  benefit  as  far  as  the  capacity  is  concerned.  As  a  rule,  1 
filters  can  handle  the  whole  output  of  the  concentrator;  that  is,  each 
by  12-ft.  Oliver  filter  has  a  capacity  of  about  120  tons  in  24  hr. 
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Results  Obtained  in  Commercial  Concentrator 

On  account  of  the  fact  that  the  concentrator  operated  by  the  Inspira- 
tion company  has  only  just  left  the  stage  of  construction,  it  is  not  possi- 
ble to  give  results  obtained  in  the  operation  of  it  as  a  whole.  As,  however, 
an  interval  of  several  months  has  elapsed  between  the  starting  of  the 
first  and  the  18th  section,  we  are  in  a  position  to  give  at  least  preliminary 
results  derived  in  actual  operation  on  a  fairly  large  scale. 

Tonnage 

Each  of  the  sections  of  the  Inspiration  concentrator  has  a  rated  capac- 
ity of  800  tons;  at  present  most  of  the  sections  exceed  900  tons  actual 
capacity.  Ordinarily,  this  tonnage  is  treated  on  one  Standard  duplex 
Inspiration  machine  consisting  of  16  double  compartments,  while  the 
concentrates  are  cleaned  on  a  cleaner  cell  with  six  double  compartments. 
The  size  of  the  roughing  compartments  is  3  ft.  by  4  ft.  3  in.;  the  size  of 
the  cleaner  compartments  is  3  ft.  by  3  ft.  Accordingly,  the  total  area  of 
combined  rougher  and  cleaner  cells  is  492  sq.  ft.  Assuming  the  tonnage 
handled  to  be  800  tons,  this  makes  a  tonnage  treated  of  1.62  tons  per 
day  per  square  foot  of  surface.  In  the  course  of  construction,  the  erection 
of  flotation  machines  did  not  always  keep  pace  with  the  erection  of  the 
grinding  mills.  For  this  and  other  reasons,  it  has  frequently  been  neces- 
sary to  combine  the  product  from  the  two  grinding  sections  in  one  flota- 
tion section;  in  other  words,  to  throw  an  overload  of  100  per  cent,  on  the 
flotation  machines.  Our  experience  is,  that  overloading  the  machines 
by  100  per  cent.,  or  raising  the  tonnage  to  3.24  tons  per  square  foot  of 
surface,  does  not  increase  the  tailing  losses  very  materially. 

It  follows,  therefore,  that  the  machines  handle  an  overload  without 
serious  additional  copper  loss,  and  it  has  been  our  experience  that  there 
is  no  mechanical  trouble  whatever,  connected  with  overloading  the  flota- 
tion machines  to  such  an  extent.  We  have  also  had  to  resort  to  over- 
loading the  Callow  cells,  and  have  likewise  found  that  the  recovery  does 
not  fall  off  seriously. 

For  the  Minerals  Separation  machine  of  the  Hebbard  type,  which  is 
installed  in  our  Section  No.  10,  we  have  no  figures  of  a  similar  character. 

Air  and  Power  Consumption 

We  have  found  that  three  blowers,  of  a  capacity  of  8,000  cu.  ft.  per 
minute  each,  are  sufficient  to  supply  air  for  six  sections  of  flotation  ma- 
chines. Accordingly,  one  section  requires  4,000  cu.  ft.  of  air  per  minute. 
As  the  flotation  machines  in  an  Inspiration  Section  have  a  surface  of  492 
ft.,  it  follows  that  the  air  consumption  per  square  foot  of  porous  surface 
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is  11.8  cu.  ft.  per  minute;  the  maximum  pressure  required  is  4^  lb- 
the  blowers  and  practically  the  same  at  the  flotation  machines,  as  th< 
is  no  serious  loss  of  pressure  in  the  air-conduits.  The  power  consum 
for  furnishing  air  has  been  determined  carefuUy  by  wattmeter  readir 
of  the  motors  furnishing  power  for  the  blowers.  The  actual  power  cc 
sumed  is  87.5  kw.  per  section;  or,  figuring  again  with  the  rated  secti 
capacity  of  800  tons,  2.63  kw.-hr.  per  ton  of  ore  treated.  We  have  i 
been  able  to  make  separate  tests  for  the  Callow  and  Inspiration  sectio] 
but  assume  that  the  air  consumption  is  approximately  the  same  in  bo 
We  have  no  figures  yet  for  the  Hebbard  type  machine. ,  To  get  the  to 
amount  of  power  consumed  in  connection  with  the  flotation  machin 
a  small  amount  of  power,  probably  about  10  kw.  or  0.30  kw.-hr.  per  t 
of  ore,  has  to  be  added  to  the  power  consumed  for  the  production  of 
on  account  of  the  fact  that  the  cleaner  tailings  are  pumped  back  to  t 
rougher  cells  and  retreated,  and  that  in  the  Callow  sections  the  slii 
overflow  of  the  drag  classifiers  is  repumped  to  the  secondary  flotati 
cells.  In  the  Inspiration  sections,  0.425  sq.  ft.  of  actual  open  pore 
surface  and  0.615  sq.  ft.  of  flotation  machine  area  are  provided  for  i 
treatment  of  1  ton  of  ore  in  24  hr. 

Floor  Space 

The  total  floor  space  of  the  flotation  floors  amounts  to  25,200  sq.  i 
or  1.75  sq.ft.  per  ton  of  ore  treated  in  24  hr.  (rated  capacity).  The  to 
floor  space  occupied  by  the  concentrator  proper  (not  including,  howev 
the  crushing  plant  located  at  the  mine)  is  81,900  sq.  ft.  or  5.68  sq.  ft.  \ 
ton  of  ore,  and  the  total  floor  space,  if  the  settling-tank  installation  outsi 
the  main  mill  building  is  also  included,  is  250,890  sq.  ft.,  or  17.4  sq. 
per  ton  of  ore  (rated  capacity). 

WcUer  Consumption 

The  water  added  to  the  pulp  where  it  reaches  the  flotation  machi 
is  about  3  tons  of  water  for  each  ton  of  solid  pulp.  The  subsequ< 
treatment,  in  our  case,  requires  a  further  addition  of  nearly  3  tons 
water  per  ton  of  dry  ore.  However,  as  it  is  carried  out  on  pulp  that  1 
been  deprived  of  its  slime  contents  by  passing  it  over  drag  classifiers, 
water  thus  entering  the  table  tailings  can  be  easily  removed  again.  T 
is  accomplished  in  our  case  by  settUng  the  table  tailings  separately  fr 
the  slime  tailings.  The  settling  of  the  sand  tailings  is  effected  in  a  settl 
tank  of  home  construction,  consisting  of  a  rectangular  box  with  a  slop 
bottom  into  which  a  number  of  Caldecott  cones  are  inserted.  The  resi 
ing  overflow  is  not  quite  clear,  but  is  made  so  by  resettling  in  three  60 
Dorr  tanks. 
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Out  of  the  total  quantity  of  water  actuaDy  added  to  the  ore  during 
its  passage  through  the  mill,  amounting  approximately  to  6  tons  of  water 
per  ton  of  ore  treated,  as  mentioned  above,  nearly  3  tons,  i.e.,  the  amoimt 
added  during  the  table  treatment,  can,  as  explained  aboye,  be  reclaimed 
rather  easily.  For  the  reclamation  of  the  rest  of  the  water,  settUng  ponds, 
of  the  well-known  construction  in  which  the  reservoir  is  formed  by  build- 
ing a  retaining  wall  of  sand  across  a  gulch,  are  resorted  to  in  addition  to 
Dorr  thickening  tanks. 

Recovery 

The  recovery  obtainable  by  the  application  of  our  milling  process  is 
determined  entirely  by  the  composition  of  the  ore,  i.e.,  by  the  relation 
between  sulphide  and  oxide  copper  contained  in  the  ore.  Out  average 
sulphide  copper  extraction  has  been  90.39  per  cent,  for  the  months  of 
March,  April  and  May,  1916,  the  last  months  for  which  figures  were  avail- 
able at  the  writing  of  this  paper.  A  certain  recovery  of- the  oxide-copper 
minerab,  especially  carbonates,  is  made  in  the  flotation  process  as  well  as 
in  the  gravity  concentration  process.  The  percentage  of  such  mineral 
recovery  is  low,  probably  about  25  per  cent.  For  this  reason,  the  re- 
covery obtainable  on  ore  containing  a  high  amount  of  oxide,  such  as 
surface  ore,  is  correspondingly  lower.  We  have  worked  in  the  laboratory 
with  the  object  in  view  of  increasing  the  oxide  recovery;  for  instance,  by 
adding  certain  chemicals  to  the  flotation  pulp.  An  account  of  the  results 
obtained  will  be  found  below,  but  we  have  not  yet  applied  this  method  to 
an  operating  scale,  nor  have  we  decided  on  using  one  of  the  other  methods 
applicable  for  this  purpose,  such  as  leaching. 

Table  6  gives  average  screen  analyses  of  the  feed  and  the  general 
tailings  of  the  Inspiration  concentrator  for  the  months  of  March,  April 
and  May.  A  segregation  is  made  in  the  copper  assay  between  sulphide 
and  oxide  copper,  because,  considering  the  present  stage  of  the  art,  we 
feel  satisfied  with  our  mill  work  whenever  the  sulphide  copper  content 
of  the  mill  taiUngs  is  low.  As  will  be  seen  from  the  tabulations,  a  better 
recovery  is  made  on  the  —200  material  than  on  the  coarser  constituents 
of  the  ore,  which  proves  the  point  that  for  ores  of  the  character  of  Inspi- 
ration ore  sUming  is  not  to  be  feared  since  the  introduction  of  the  flota- 
tion  process,  , 

Oil  Consumption 

Expjerience  has  shown  that  in  the  flotation  treatment  of  our  ores,  we 
consume  flotation  agents  up  to  1}4  lb.  per  ton  of  ore.  At  present,  the 
oil  mixture  contains  about  95  per  cent,  crude  coal  tar  and  a  little  less 
than  5  i)er  cent,  of  oils  derived  from  the  dry  distillation  of  wood. 

The  different  tars  that  we  have  tested  during  the  operation  of  our  mill 
have  shown  greatly  varying  quaUties  as  far  as  their  flotation  value  is 
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concerned.  The  first  tar  that  we  tested  and  made  use  of  was  hon 
made  from  domestic  coal,  and  happened  to  be  a  very  serviceable  flol 
tion  agent.  Since  that  time,  we  have  tested  tars  from  several  Stai 
and  have  f oimd.  some  that  are  suitable  for  our  purposes,  while  others  i 
less  so,  and  still  others  even  entirely  unsatisfactory.  We  have  obtain 
satisfactory  tar  products  from  New  Mexico,  Colorado,  Missouri  a 
Illinois.  These  States  furnish  at  present  as  much  as  we  need  for  c 
consumption.  For  awhile,  it  seemed  possible  that  we  might  have 
import  from  a  long  distance  the  large  quantities  of  tar  that  we  requi 
During  that  period  we  tried  to  find  substitutes,  and  looked  especia 
toward  the  utilization  of  fuel  oil  for  this  purpose,  but  We  have  not  be 
able  to  get  as  good  results  with  any  kind  of  fuel  oil  as  with  crude  coal  t 


Table  5. — Average  Screen  Analyses  for  the  Months  of  March,  April 
and  May,  1916,  of  Flotation  Feed  and  General  Tails 

Flotation  Teed 

General    Tails 

Mesh 

Per    Cent. 
Weight 

Copper 

Contents 

Per    Cent. 

Weight 

Sulphide  Cop- 
per Contents 

Oxide  Copper  Total  Cop 
Contents           Content 

1 
Cum.  1  Indiv. 

i 

Per 

Cent. 

Grams 

Cum. 

Indiv. 

Per 

Cent. 

Grams 

Cent. 

Grams 

1 

+  66           9.6        9.6 

0.46 

0.042 

9.6 

9.6 

0.18 

0.017 

0.12 

0.011 

0.80 

0 

+  100 

21.2  1  11.7 

0.86 

0.101 

21.2 

11.7 

0.19 

0.023 

0.14 

0.016 

0.33 

0 

+  160         33.6 

12.3 

1.91 

0.236 

33.6 

12.8 

0.11 

0.014 

0.19 

0.023 

0.80 

0 

+200       .  39.2  j     6.7 

2.69 

0.164 

39.2 

6.7 

0.14 

0.008 

0.19 

O.OIli  0.34 

1 

0 

-200          ....    1  80.8      1.85 

1.125 

.... 

60.8 

0.06 

0.036 

0.47 

0.286i  0.63 

0 

Totab ....    jlOO.O  1    ....    '   1.667 

.... 

100.0 

.... 

0.098 

.... 

0.347    .... 

0 

Aasay  direct    |   1.62  1    .... 

.... 

0.101 

.... 

0.318 

....      0.419| 

1 

Oxide 1    ....    ;    ....      0.36  [ 

1             1                           1 

1 
I 

Our  experience  is,  that  we  can  get  along  with  coal  tar  alone, 
is  beneficial,  however,  to  add  wood-distillation  products  in  small  quai 
ties,  for  instance,  those  containing  pine  oil.  While  coal  tar  makes  a  v 
strong  and  heavy  froth,  such  as  appears  to  be  required  to  keep  coa 
mineral  particles  in  suspension,  the  wood-distillation  products  have 
characteristic  of  producing  a  multitude  of  froth  bubbles,  such  as  8c 
necessary  to  furnish  the  large  surface  required  to  save  the  very  i 
mineral  particles.  Because  the  finer  ore  particles  (slime),  on  acco 
of  their  small  diameter,  expose  a  large  surface,  it  is  evidently  necess 
to  produce  a  correspondingly  large  surface  of  froth  in  order  to  s 
them  by  flotation. 
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Operating  Cost  for  Flotation 

The  number  of  men  necessary  for  the  operation  of  large  flotation 
machines  is  remarkably  small.  At  the  Inspiration  plant,  one  operator 
supervises  four  sections  of  flotation  machines.  Two  Mexican  helpers 
assist  him  in  washing  the  bottoms,  thus  insuring  a  free  passage  of  air 
through  the  porous  medium.  At  the  prevailing  high  prices  of  American 
and  Mexican  labor,  this  means  an  expense  of  somewhat  more  than  1.5  c. 
per  ton  of  ore  treated.  The  total  expenses  representing  flotation  proper 
were  as  follows  for  the  months  of  March,  April  and  May,  1916: 

Centa  per  Ton 

Labor 1.62 

FlotatiDn  oils 1.65        » 

Other  supplies 0. 35 

Power 2. 14 

Total 5.76 

The  subsequent  table  treatment  of  flotation  tailings,  the  filter  treatment 
of  the  concentrates  and  other  operations  connected  with  the  process  of 
concentration,  belong  more  or  less  to  flotation  treatment,  and  their  ex- 
pense should  also  be  considered  when  the  cost  of  the  flotation  process  is 
to  be  established.  The  total  milling  cost,  exclusive  of  crushing  and  grind- 
ing, has  been  for  the  past  few  months  in  the  neighborhood  of  20  c.  When 
the  cost  of  crushing  and  grinding  is  included,  the  cost  is  about  40  c.  per 
ton  of  ore.  Royalties  for  the  use  of  the  flotation  process  are  not  included 
in  any  of  these  cost  figures. 

Discussion  of  Results  Obtained 

The  criticism  has  occasionally  been  raised  against  the  Inspiration 
company  that  they  were  slow  in  deciding  on  the  design  of  a  concentrator. 
The  reason  for  such  slowness  was,  of  course,  that  the  development  of  the 
flotation  process  coincided  with  the  period  during  which  the  fundamental 
points  in  the  design  of  the  concentrator  had  to  be  settled.  The  manage- 
ment, therefore,  thought  it  best  to  be  very  conservative  in  instalhng 
standard  concentrator  equipment,  which,  in  case  the  new  process  held 
what  it  seemed  to  promise,  might  prove  to  be  entirely  superfluous.  The 
main  point  of  interest,  therefore,  is  whether  it  was  wise  for  the  company 
to  wait  instead  of  installing  a  gravity  concentrating  plant  as  had  been 
originally  considered. 

As  far  as  the  comparison  of  a  flotation  plant,  as  at  present  operated 
by  the  company,  with  the  gravity-concentration  plant,  as  originally  con- 
sidered, is  concerned,  the  recoveries  actually  obtained  in  the  company's 
flotation  plant  are  so  much  higher  than  those  indicated  by  tests  in  the 
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original  test  mill  as  being  obtainable  in  a  gravity-concentration  plant 
ore  of  the  same  character,  that  there  cannot  be  the  least  doubt  whi 
system  is  the  better. 

In  discussing  the  second  question  which  comes  up  in  this  connecti( 
whether,  for  ores  of  the  character  of  Inspiration  ore,  gravity  concentrati 
supplemented  by  flotation  would  be  preferable  to  the  simple  flotati 
process  that  has  been  adopted  by  the  Inspiration  company,  the  cruc 
point  is  this:  Can  the  slime  be  reduced  to  lower  copper  contents  bj 
combined  process  than  by  the  process  followed  here?  The  reduction 
the  copper  in  the  sand  is,  as  millmen  know,  simply  a  question  of  f 
grinding  combined  with  suitable  concentration. 

In  support  of  the  principle  followed  by  the  Inspiration  company 
desire  to  call  attention  to  the  screen  analyses  of  our  general  tailings  rep 
sented  in  Table  5.  They  show  that  the  sulphide,  copper  left  in  1 
— 200-mesh  material  is  very  low. 

In' addition,  the  floor  space  required  for  a  plant  like  this  is  materia 
smaller  than  for  a  plagt  of  the  combination  plan,  which  also  means  tl 
the  construction  cost  is  much  lower;  and,  further,  the  operating  costs  i 
low  by  reason  of  the  greater  simphcity  of  design.  I  hope  these  facts  j 
sufficient  to  decide  the  point  at  issue  as  far  as  the  ore  of  this  district 
concerned. 

I  hope  that  our  neighbors  of  the  Miami  company,  whose  mill  was  bi 
before  the  flotation  process  was  known,  will  uphold  me  in  my  statemen 
If  this  point  is  admitted,  it  will  endorse  the  principle  followed  in  the  desi 
of  the  Inspiration  mill,  of  doing  away  with  reduction  in  stages  and  c< 
centration  in  stages. 

It  must  be  granted  that  the  settling  of  flotation-concentrate  pi 
requires  extensive  floor  space,  as  shown  by  the  figures  referred  to  abo 
and  that  settling  and  subsequent  filtering  absorb  a  certain  fraction  of  1 
mill  operating  costs.  However,  as  a  ratio  of  concentration  in  the  Inspi 
tion  mill  is  25  into  1,  only  3^5  of  the  ore  is  thus  treated.  The  acti 
expenses  increase,  of  course,  proportionately  for  ore  which  does  not  p 
mit  concentration  with  such  a  high  ratio  as  the  ore  existing  in  the  I 
spiration  mine.  Therefore,  there  will  be  a  point  beyond  which  a  differs 
system  of  concentration,  is  preferable.  Just  what  the  critical  ratio 
concentration  is,  must  be  determined  by  calculation  and  testing  baf 
on  individual  conditions. 

Prospects  for  Future  Development  of  the  Flotation  Proce: 

The  flotation  process  is  in  its  infancy.  For  this  reason,  therefore,  < 
concentrator  must  be  necessarily  in  the  first  stages  of  its  developme 
In  what  direction  future  changes  may  take  place,  is  perhaps  indicated 
tests  which  have  been  made  partly  on  a  laboratory  scale  and  partly  o] 
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somewhat  larger  scale,  but  which  have  not  yet  been  incorporated  into 
our  regular  milling  process.  Of  these  latent  developments,  I  will  try  to 
give  an  outline  in  the  following: 

Porous-Bottom  Experiments 

The  porous  bottom  is,  as  one  may  imagine,  the  most  essential  part  of 
a  pneumatic-flotation  machine.  Our  experience  with  the  porous  bottoms 
of  the  different  constructions  brought  out  very  clearly"  the  principal  dif- 
iSculty  attached  to  them,  which  is,  that  the  pores  have  a  tendency  to 
contract  gradually  and  thereby  to  retard  the  passage  of  air  through  them. 
This  tendency  was  more  pronounced  in  the  solid  porous  bottoms  em- 
ployed in  the  FUnn-Towne  flotation  machine  than  it  was,  for  instance,  in 
those  of  the  Callow  type,  although  the  latter  also  show  a  tendency  in  this 
direction.  Our  first  supposition  was  that  the  choking  was  due  to  the 
fact  that  the  air  entering  below  the  blankets  carried  particles  of  dust, 
which  would  settle  in  the  fine  pores  and  reduce  their  area.  Indeed,  a 
canvas  blanket  will,  after  a  certain  length  of  service  as  a  porous  medimn, 
always  show  some  ring-shaped  spots  of  dark  color  opposite  the  air  inlets, 
clearly  indicating  that  a  deposition  of  dust  particles  on  the  blanket 
actually  does  take  place.  To  make  sure  of  this  point  we  cut  out  round 
disks  from  a  Callow  blanket  that  had  been  used  for  some  time  and  in- 
vestigated their  porosity  by  using  them  as  porous  bottoms  in  a  glass  tube 
standing  in  a  vertical  position.  Air  under  pressure  could  be  applied  to  an 
air  chamber  located  underneath  these  disks,  and  the  air  passing  through 
the  porous  blanket  could  be  measured  by  a  gas  meter.  The  quantity  of 
air  discharged  through  the  porous  medium  offers  a  measure  of  the  porosity 
of  the  blanket,  and  for  this  reason,  the  velocity  or  speed  with  which  the 
counter  of  the  gas  meter  revolves,  gives  an  indication  of  the  porosity  of 
the  porous  disks  being  tested.  To  our  siu*prise,  we  found  that  the  darkest 
points  of  the  blanket  were  not  those  of  lowest  porosity.  On  the  contrary, 
the  points  farthest  away  from  the  air  inlet  showed  the  greatest  tendency 
to  choke.  An  explanation  of  this  paradoxical  behavior  seems  to  be  offered 
by  the  fact  that  an  air  blanket  is  kept  in  a  state  of  more  or  less  agitation 
near  the  air  inlet  (in  the  Callow  machine  this  happens  to  be  a  point  remote 
from  the  places  where  it  is  held  rigid)  while  farthest  away  from  this  point 
the  blanket  assmnes  a  state  of  comparative  rest.  Incrustations,  due 
perhaps  to  the  presence  of  soluble  salts  in  the  water  in  conjunction  with 
fine  slime,  alwa3rs  form  to  a  greater  or  less  extent  in  the  top  layer  of  the 
blanket.  Evidently,  the  agitation  counteracts  the  formation  of  the 
incrustation,  while  there  is  no  such  counteracting  influence  in  the  portions 
which  are  essentially  at  rest.  For  this  reason,  we  concluded  that  a  soUd 
porous  material  is  not  suitable  as  a  diaphragm  in  a  flotation  machine  of 
the  pneumatic  type,  if  a  bottom  of  long  life  is  required.    As  a  matter  of 
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fact,  the  experience  of  everybody  who  experimented  with  solid  bottoi 
seems  to  have  pointed  in  the  same  direction.  Mr.  Cole  for  a  while  test 
out  carborundum  tubes  in  his  machine.  We  tried  carborundum  stoi 
in  the  flotation  machine  of  the  Inspiration  type  and  abandoned  thei 
and  I  believe  that  even  Messrs.  Flinn  and  Towne  have,  in  the  meantin 
given  up  the  solid  bottom  of  their  original  design. 

A  necessary  condition  for  a  serviceable  flotation  bottom  appea 
therefore,  that  the  porous  medium  be  of  a  flexible  nature.  The  4-f 
canvas  stitched  every  half  inch  or  so  which  Mr.  Callow's  first  cells  co 
tained  and  which  we  have  used  for  considerable  time  in  the  Inspirati< 
machines,  seems  to  answer  this  purpose  fairly  well.  We  find,  howev( 
that  to  keep  it  in  good  working  condition  and  prevent  incrustations  frc 
forming  on  the  top,  we  have  to  clean  it  frequently.  This  is  done  1 
dipping  an  iron  pipe  connected  with  a  water  hose  into  the  compartmei 
and  sweeping  the  canvas  bottom  with  the  jet  of  water  discharging  frc 
the  lower  end  of  the  pipe.  The  canvas  blankets  seem  to  last  for  abo 
6  months  at  the  most.  As  they  are  inexpensive,  the  replacing  of  a  bottc 
after  that  time  is  not  a  serious  item  in  the  operating  costs.  The  givi 
out  of  the  canvas  is  due  to  the  wear  caused  by  the  frequent  cleanii) 
The  top  layer  wears  out  first,  the  holes  created  by  the  stitching  formi: 
nuclei  for  the  formation  of  larger  holes.  By  the  time  the  top  layer  h 
a  number  of  holes  the  canvas  blanket  is  generally  discarded.  In  t 
interest  of  greater  economy,  we  intend  giving  up  interstitching  the  layc 
of  canvas.  We  are  trying  to  decide  whether  it  is  better  to  use  sinj 
sheets  of  thicker  fabric  or  to  use  canvas  similar  to  the  kind  that  we  ha 
been  using  and  to  put  several  layers  on  top  of  one  another  witho 
interstitching  them.  The  latter  has  the  advantage  of  requiring  the  d 
carding  of  only  one  layer,  when  it  becomes  defective. 

There  will  always  be  some  tendency  to  form  incrustations  so  long 
canvas  is  used  for  flotation  mediums.  Their  formation  will  be  entin 
prevented  only  by  substituting  an  altogether  different  material.  ^ 
have  made  experiments  in  this  direction.  One  of  my  former  assistan 
R.  H.  Haskell,  deserves  credit  for  suggesting  them.  For  instance, 
substituted  for  the  canvas  blankets,  thin  rubber  sheets  perforated  witl 
multitude  of  needle  holes  and  obtained  an  excellent  froth.  The  obj^ 
tion  to  their  use  is  that  their  life  is  Umited.  When  sheets  of  rubber 
an  increased  thickness  are  used,  the  needle  holes  require  too  much  pr 
sure  to  form  openings  of  sufficient  size  for  the  passage  of  air,  and  to  mi 
a  thick  rubber  sheet  suitable  for  this  purpose,  slits  several  millimet 
long  have  to  be  substituted  for  needle  holes.  We  have  had  one  or  t 
rubber  bottoms  of  this  design  in  operation,  but,  just  at  present  we  i 
not  ready  to  substitute  them  for  canvas  blankets.  We  also  triec 
blanket  made  from  a  material  that  goes  under  the  name  of  sponge  rubl 
and  can  be  produced  with  rather  fine  texture.     We  have  not  been  al 
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however,  to  obtain  lastingly  good  results  from  the  use  of  this  medium. 
Furthermore,  we  tried  a  woven  fabric  containing  rubber  threads  in  one 
direction  and  threads  of  cotton  or  the  Uke  in  the  other  direction  and  a 
rubberized  canvas  made  by  the  Goodrich  Rubber  Co.  We  are  not 
prepared  to  use  any  of  these  materials  on  a  commercial  scale. 

The  advantage  of  rubber  should  be,  in  the  first  place,  that  on  account 
of  its  smoothness  it  would  have  less  tendency  than  canvas  to  permit  the 
formation  of  incrustations.  Besides,  an  elastic  medium  should  have  the 
additional  advantage  of  avoiding  the  danger  of  catching  small  sand  or 
slime  particles  in  the  pores  of  the  medium,  as  an  expansion  of  the  medium 
(that  may  be  effected,  for  instance,  by  increasing  the  pressure)  would 
widen  the  pores  and  remove  such  particles.  We  think  that  our  experi- 
mental work  in  this  direction  is  encoxiraging. 

Raising  the  Grade  of  Concentrates 

The  recovery  that  it  is  possible  to  effect  in  a  flotation  plant  depends 
largely  on  the  grade  of  concentrate  desired.  With  a  low  grade  of  con- 
centrate, low  tailings  can  be  made,  but  when  a  high  grade  of  concentrate 
is  stipulated,  increased  taiUng  losses  cannot  be  avoided.  A  question 
that  suggests  itself  in  this  connection,  and  which  we  have  tried  to  answer 
by  laboratory  experiments  is,  "How  can  we  raise  the  grade  of  our  con- 
centrates— that  is,  reduce  the  percentage  of  insoluble  matter  contained 
in  them — without  entailing  additional  copper  losses?"  We  know  from 
laboratory  experiments  that  this  can  be  done  by  expensive  methods — 
for  instance,  by  heating  the  solutions — ^but  such  a  procedure  would  be 
undesirable  from  an  economical  standpoint.  Experience  has  shown  us 
that  concentrate  produced  in  the  first  compartments  of  the  cleaner  cells 
is  always  freer  from  insoluble  matter  than  the  concentrate  produced  in 
the  last  compartments.  The  problem  then  resolves  itself  into  finding 
a  suitable  cleaning  process  for  the  concentrate  from  the  last  compart- 
ments of  the  cleaning  cells.  By  treating  this  low-grade  concentrate  hot, 
with  the  addition  of  caustic  soda,  we. have  been  able  to  separate  it  into  a 
high-grade  concentrate  and  fairly  low  tailings.  This  method  necessitates 
only  the  expense  of  heating  a  small  fraction  of  the  pulp  and  may  be  a 
commercial  possibility. 

Recovering  Carbonates  by  Flotation 

Another  subject  on  which  we  have  spent  considerable  time  in  our 
laboratory  is  the  problem  of  recovering  copper  carbonates  by  flotation. 
When  we  started  our  flotation  plant,  we  discovered,  to  our  astonishment, 
t  hat  the  machines  not  only  saved  a  high  percentage  of  copper  sulphide 
but  that  they  also  recovered  some  of  the  carbonates.  Ever  since  that 
time,  we  have  tried  to  find  means  of  improving  the  carbonate  recovery. 
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In  the  first  place,  we  studied  all  of  the  oils  that  seemed  to  have 
tendency  to  cause  the  flotation  of  such  minerals.  Later  on,  we  tri 
other  means  in  addition  to  the  variation  of  the  oils.  One  way  in  whj 
copper  carbonates  and  similar  minerals  might  be  recovered  was  outlin 
by  Alfred  Schwartz  in  his  United  States  Patent  No.  807,601.  T 
process  consists  in  first  artificially  producing  a  sulphide  coating  on  su 
oxidized  minerals  by  the  introduction  into  the  pulp  of  soluble  sulphid 
and  then  adding  suitable  "oils"  and  effecting  the  flotation.  If  it  w< 
possible  to  thus  chemically  produce  coatings  of  sulphide  identical  wi 
the  surface  of  the  minerals  formed  by  nature,  this  process  would  wo 
well,  as  evidently  the  nature  of  the  surface  is  the  only  characteris 
that  determines  whether  a  mineral  will  float  or  not. 

The.  Minerals  Separation  Co.  owns  a  number  of  patents  coveri 
this  subject.  Their  English  Patent  No.  26,019,  issued  to  Sulman  a 
Picard,  describes  the  flotation  of  oxide  copper  minerals  by  similar  meai 

I  am  not  aware  that  equivalent  patents  have  been  issued  in  the  Unit 
States.  The  English  patent  in  question  is  of  a  later  date  than  i 
Schwartz  patent  above  mentioned.  The  representatives  of  t 
Minerals  Separation  Co.  have  experimented  more  or  less  extensive 
with  this  system,  while  demonstrating  their  machine  to  the  Inspirati 
company.  As  far  as  I  know,  they  have  not  proven  its  practicabili 
In  the  course  of  their  experiments,  they  tried  the  application  of  sodii 
sulphide  and  sodium  polysulphide  for  this  purpose.  The  latter  y 
produced  by  treating  sulphur  with  hot  caustic  soda.  At  the  time  th( 
experiments  were  made,  I  was  not  familiar  with  the  chemical  acti 
taking  place,  which,  as  much  as  I  know  now,  actually  results  in  the  fom 
tion  of  polysulphide  mixed  with  thiosulphates  and  other  oxygennsulpl 
compounds.  The  failure  of  their  experiments,  I  therefore  ascribed 
the  fact  that  perhaps  a  polysulphide,  which  they  were  anxious  to  mal 
was  not  actually  produced.  I  proceeded  to  make  sodium  polysulph: 
by  a  method  which  I  knew,  that  is,  by  the  treatment  of  a  sodium  s 
phide  solution  with  sulphur  powder.  When  we  applied  this  reag< 
to  some  of  our  carbonate  ores  in  laboratory  flotation  experimer 
we  noted  that  a  good  recovery  was  obtained.  The  composition  of  1 
compound  was  varied  materially  in  order  to  find  just  what  compositi 
gives  the  best  results  in  the  flotation  of  carbonates.  Our  experiei 
seems  to  indicate  that  sodium  sulphide  alone  encourages  the  flotati 
of  carbonates,  but  that  sodium  polysulphide,  or  sodium  sulphide  wh 
contains  more  sulphur  than  would  correspond  to  the  chemical  form 
NasS  gives  better  results.  The  addition  of  caustic  soda  besides  i 
sodiimi  polysulphide  was  found  beneficial. 

The  question  then  arose  as  to  why  we  succeeded  in  effecting  i 
flotation  of  oxidized  copper  when  the  experiments  of  the  members 
the  Minerals  Separation  staff  failed.    Tests  along  these  lines  brouj 
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out  the  fact  that  the  Minerals  Separation  compound  when  applied  to 
our  carbonate  ores  also  worked  successfully,  but  that  it  did  not  on  our 
regular  milling  ore.  Our  own  compound  when  added  to  our  mill  ore 
mixture  increased  the  recovery  of  the  carbonates,  but  evidently  interfered 
with  the  sulphide  extraction,  and  for  this  reason  seemed  to  be  of  as  little 
use  as  the  compound  of  the  Minerals  Separation  Co.  When  appl3ring 
reagents  of  this  character  to  tailings  resulting  from  ordinary  flotation 
treatment,  with  the  point  in  view  of  effecting  a  sufficient  sulphide  ex- 
traction by  the  regular  flotation  process,  and  using  the  compound  in 
question  only  for  the  purpose  of  increasing  the  carbonate  extractiout 
we  have  found  so  far  that  the  increase  in  copper-carbonate  recovery  over 
the  one  obtained  without  the  addition  of  such  chemical  compounds 
is  not  worth  going  after.  ^ 

But  this  is  only  a  consequence  of  the  fact  that  carbonates  exist  in 
very  small  amounts  only  in  our  milling  ore  and  are  partly  saved  by 
the  ordinary  flotation  process. 

There  is  no  real  difficulty  about  saving  carbonates  by  the  method 
mentioned,  if  they  exist  in  quantities  that  make  it  worth  while  to  save 
them.  That  copper  carbonates  can  be  recovered  may  easily  be  demon- 
strated by  treating  a  deslimed  feed  in  a  series  flotation  machine.  If  at 
the  point  of  the  machine,  where  the  sulphide  recovery  is  nearly  finished, 
sodium  sulphide  is  added,  the  decidedly  green  color  of  the  concentrates 
in  the  following  compartments  leaves  no  doubt  on  this  point.  The 
desliming  of  the  feed  seems  to  assist  in  the  carbonate  recovery. 

It  is  of  considerable  (even  if  only  theoretical)  value  to  establish  why 
sodium  sulphide  and  polysulphide  tend  to  increase  the  recovery  of 
copper  carbonates.  A  coating  that  might  be  expected  to  form  cannot  be 
detected.  The  concentrate  resulting  from  the  treatment  of  pure  car- 
bonate ore  is  decidedly  green;  besides,  when  an  alkaline  condition  of  the 
pulp  is  used  there  is  very  little,  if  any,  tendency  for  any  sulphide  coating 
to  form,  and  the  alkaline  state  of  the  pulp  is  (as  explained  above)  exactly  . 
the  condition  imder  which  the  best  carbonate  extraction  results.  An- 
other point  that  seems  to  contradict  the  explanation  of  these  results 
by  the  assimiption  of  a  sulphide  coating  is,  that  when  we  proceeded 
exactly  as  suggested  by  Mr.  Schwartz — i.e.,  when  the  application  of 
soluble  sulphide  was  followed  by  the  addition  of  flotation  agents  and 
by  the  actual  flotation — we  seemed  to  obtain  poorer  results  than  when 
the  procedure  was  reversed  by  applying  the  oil  first  and  following  with 
the  appUcation  of  some  soluble  sulphide,  although  the  latter  method 
would  certainly  seem  less  favorable  to  the  formation  of  a  sulphide  coating, 
and  perhaps  for  this  reason  has  not  been  suggested  by  Mr.  Schwartz. 

Another  theory  that  has  been  mentioned  as  an  explanation  of  this 
phenomenon  is  that  colloidal  sulphur  is  formed  by  the  solution  of  sodium 
pol3rBuIphide  in  wat-er,  which,  as  is  known,  is  a  good  flotation  agent.     For 
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instance,  it  is  pointed  out  in  the  United  States  Patent  No.  1,140,86 
taken  out  by  Dr.  R.  F.  Bacon  of.  the  Mellon  Institute  in  Pittsburgl 
that  by  setting  free  colloidal  sulphur,  say  by  the  reaction  of  a  solub 
sulphide  with  sulphur  dioxide,  good  flotation  results  may  be  obtain€ 
as  far  as  the  flotation  of  sulphides  is  concerned.  To  make  the  procei 
available  for  the  flotation  of  carbonates  and  other  oxidized  copper  mil 
erals,  he  suggests  that  a  sulphide  coating  be  first  formed  on  the  mineral 
i.e.,  to  follow  Mr.  Schwartz's  idea.  Whether  the  colloidal  sulphur  b 
itself  has  a  beneficial  influence  on  the  recovery  of  the  carbonate  (as  hi 
been  suggested  in  explanation  of  our  observations)  seems  rather  doubtf i 
when  it  is  considered  that  we  have  obtained  good  results  in  alkaline  soli 
tions  in  which  colloidal  sulphur  does  not  seem  to  separate  out  from  pol; 
sulphide  containing  only  a  limited  amount  of  sulphur  such. as  was  used  i 
our  tests.  The  full  theoretical  explanation  of  these  facts  must  therefoi 
be  left  to  future  investigations. 

Recovery  of  Silicates 

In  our  experiments  with  the  object  of  saving  the  oxidized  copp 
minerals,  we  soon  found  that  we  could  save  some  of  these  minerals,  whi 
others  were  entirely  refractory  to  the  method  above  mentioned.  T 
establish  which  minerals  could  be  saved  and  which  not,  we  attempte 
an  analytical  separation  into  carbonates  and  silicates.  The  chemic^ 
methods  which  we  tried  for  the  purpose  of  distinguishing  between  tl 
two  proved  unreliable,  however,  and  we  had  to  resort  to  the  separatic 
by  specific  gravity  (panning).  The  carbonates  of  copper  (malachite  an 
azurite)  are  heavier  than  gangue,  and  the  silicates  (chrysocoUa)  ai 
lighter.  The  separation  is  rather  difficult,  owing  to  the  small  dififeren< 
in  specific  gravity,  and  the  results  are  therefore  far  from  being  altogeth( 
reliable,  but  they  seem  accurate  enough  to  indicate  that  the  method  ( 
saving  carbonate  copper  above  referred  to  is  of  value  only  for  the  recovei 
of  carbonates  and  does  not  apply  to  silicates.  This  fact  seems  to  1 
another  corroboration  of  the  assumption  made  above,  that  carbonates  < 
copper  do  not  float  simply  because  of  the  formation  of  a  thin  surfa^ 
coating  of  copper  sulphide.  It  can  easily  be  verified  in  the  laboratoi 
that  silicates  can  be  coated  with  copper  sulphide  fully  as  easily  as  copp 
carbonates.  For  this  reason,  if  the  filming  theory  is  right,  it  should  1 
possible  to  float  silicates  just  as  well  as  carbonates.  There  is  no  dou 
that  they  can  be  floated  by  transformation  into  sulphides,  only  tl 
transformation  must  not  be  confined  to  the  surface,  but  must  go  deep< 
Our  experience  is,  that  to  effect  a  good  recovery,  it  is  necessary  to  acidi 
the  pulp  so  strongly  that  practically  all  of  the  silicates  of  copper  are  d 
solved  and  by  the  action  of  hydrogen  sulphide  or  other  soluble  sulphid 
are  transformed  into  the  state  of  chemically  precipitated  copper  sulphic 
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In  this  fonn  there  is  no  difficulty  about  the  recovery  of  the  copper  by 
flotation,  but  this  procedure  is  not  entirely  without  objection. 

In  case  hydrogen  sulphide  gas  is  used,  the  acid  combined  with  copper 
is  regenerated.  This  tends  toward  a  low  acid  consumption  and  a  good 
copper  extraction,  on  account  of  the  fact  that  the  treatment  winds  up 
with  a  small  percentage  of  copper  in  solution  and  free  acid  present,  both 
of  which  are  desirable  in  the  light  of  the  law  of  chemical  mass  action. 
But  hydrogen  sulphide  is  not  a  desirable  reagent.  The  fact  that  it  is  a 
gas  and  not  a  liquid  introduces  complications  in  the  apparatus  which  are 
accentuated  by  the  fact  that  it  is  poisonous  and  obnoxious  otherwise. 

Other  soluble  sulphides  used  in  place  of  hydrogen  sulphide  will  neu- 
tralize some  sulphuric  acid  with  the  result  that  the  acid  consumption 
will  be  higher  and  the  copper  extraction  lower  than  in  case  of  hydrogen 
sulphide  gas. 

As  far  as  acid  consumption  is  concerned,  it  is  pointed  out  that  the 
free  acid  lost  with  the  pulp  may  be  settled  out  in  ponds  and  re-used. 
However,  the  re-use  of  acid  diluted  to  such  an  extent  is  a  more  serious 
problem  than  is  generally  realized. 

The  treatment  of  concentrates  that  are  "colloidal,"  to  a  much  greater 
extent  than  ores  which  millmen  have  been  in  the  habit  of  calling  colloidal, 
offers  additional  problems,  which,  however,  may  prove  not  to  be  as 
serious  as  they  look. 

Everything  considered,  I  cannot  see  that  the  flotation  treatment  of 
oxidized  copper  ores  after  previously  leaching  them  offers  better  prospects 
than  straight  leaching  by  decantation  and  precipitation  by  other  methods. 

General  Theory 

Very  much  has  been  published  recently  about  the  theory  of  the  flota- 
tion process,  and  very  many  suggestions  have  been  made  that  will  prob- 
ably prove  valuable  after  it  has  been  shown  by  critical  tests  how  far 
they  explain  the  facts. 

It  seems  to  me  that  an  explanation  of  the  qualities  of  the  flotation 
oils  is  not  as  diflScult  as  it  might  appear.  The  problem  only  seems  so 
complicated  because  the  flotation  qualities  of  an  oil  or  an  oil  mixture 
have  not  been  separated  into  their  components.  In  fact,  it  requires  a 
combination  of  qualities  to  make  a  successful  flotation  oil.  In  the  first 
place,  the  flotation  oil  has  to  coat  the  mineral  particles.  That  there  is  a 
tendency  for  the  formation  of  such  a  coating  can  easily  be  seen  from  simple 
experiments.  For  instance,  if  samples  of  copper  sulphide  (chalcocite), 
copper  carbonate  (malachite)  and  gangue  (silica)  of  the  same  screen  size 
are  spread  out  on  watch  glasses  and  then  moistened  with  a  drop  of  coal- 
tar  creosote,  it  wiU  be  seen  that  the  drop  of  creosote  soon  disappears 
through  absorption  by  the  copper  sulphide,  while  it  takes  a  much  longer 
time  for  it  to  be  absorbed  by  the  copper  carbonate  and  a  still  longer  time 
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with  the  gangue.  On  the  other  hand,  when  a  drop  of  water  is  placed  on 
the  same  minerals,  it  will  disappear  on  the  gangue  first,  later  on  the  car- 
bonate, and  finally  on  the  copper  sulphide.  This  evidently  proves  that 
in  a  mixture  of  water  and  oil,  the  oil  will  attach  itself  with  preference  to 
the  sulphide  particles  while  the  water  will  have  the  greater  tendency  to 
wet  the  gangue. 

The  second  quality  which  at  least  is  sometimes  required  of  a  flotation 
oil,  is  that  it  has  to  form  a  stable  froth.  In  such  a  case,  the  stability  may 
be  secured  by  more  firmly  cementing  together  the  mineral,  air  and  oil. 
To  accomplish  this,  oils  are  used  which  have  a  tendency  to  float  finely 
divided  gangue  particles.  The  action  is  characteristic  of  the  heavier 
pine  distillates  like  pine  tar  and  the  lighter  ones  like  turpentine  if  they 
are  crude,  unrefined  products;  in  other  words,  when  they  contain  some 
of  the  heavier  distillates.  I  am  not  quite  sure,  however,  whether  the 
beneficial  influence  of  oils  of  this  group  is  not  perhaps  rather  due  to  the 
fact  that  they  remove  colloidal  material  from  the  pulp  and  thereby 
improve  its  tendency  to  float  minerals. 

A  third  quality  demanded  of  a  successful  oil  mixture  is  that  it  must 
be  able  to  produce  a  sufficient  volume  of  froth.  This  property  is  exem- 
plified best  by  oils  of  the  soluble  type — cresol,  pine  oil,  alcohols  and  other 
substances.  It  can  easily  be  proven  that  when  oils  of  this  type  are  used, 
although  they  may  be  considered  insoluble,  the  water  acquires  the  froth- 
ing qualities  of  the  oil.  It  may  be  demonstrated  by  shaking  an  oil  of 
this  character  with  water  and  permitting  the  oil  to  separate  out  again. 
It  will  be  found  that  the  water  has  acquired  frothing  qualities  by  under- 
going this  treatment.  It  is  perhaps  even  likely  that  the  soluble  portion 
of  the  oils  belonging  to  this  group  is  the  only  portion  that  is  active  in  this 
manner.  The  difference  between  the  oils  of  group  1  and  group  3  may  be 
studied,  for  instance  in  a  flotation  machine  of  our  type.  It  will  be  noted 
that  the  heavier  mineral  runs  over  the  concentrate  discharge  largely  in 
the  first  compartments  forming  a  heavy,  dark  froth  and  the  heavy 
insoluble  portions  of  the  flotation  oil  mixtures  apparently  go  with  it. 
Toward  the  tailings  end  of  the  flotation  machines,  most  of  this  dark 
material  has  disappeared  and  the  froth  is  lighter  and  of  a  more  watery 
nature.  The  pulp,  however,  has  not  lost  the  quality  of  forming  froth 
even  after  it  gets  to  the  last  compartment  of  the  flotation  machines.  This 
permits  the  conclusion  that  the  frothing  characteristics  follow  the  tailings 
pulp.  The  water  settled  out  in  tanks  and  tailing  ponds  has  decided 
frothing  qualities.  Such  water  behaves  in  a  similar  way  to  certain 
alcohoUc  solutions  with  which  we  are  used  to  associate  this  characteristic, 
for  instance,  beer  or  champagne.  The  experience  of  mills  using  the  flota- 
tion process,  that  when  the  tailings  water  is  reclaimed  the  quantity  of 
frothing  oil  may  be  considerably  reduced,  further  supports  the  assumption 
that  the  formation  of  froth  is  caused  by  water-soluble  substances. 


Digitized  by 


Google 


RUDOLF  GAHL  1681 

Just  how  the  surface  tension  of  water  and  air  must  be  modified  to 
pennit  the  formation  of  froth  has  been  made  the  subject  of  some  specula- 
tions recently  published  by  different  authors.  We  have  also  devoted 
some  thought  and  a  few  experiments  in  our  laboratory  to  this  question. 
A  discussion  of  these  matters  belongs  to  the  realm  of  physics,  however, 
and  is  outside  the  scope  of  this  paper.  But  I  might  add  this  remark  to 
the  discu£B3ion  of  the  subject  of  flotation  oils,  that  most  flotation  oils  not 
only  have  the  characteristics  of  one  group,  but  may  at  the  same  time 
possess  those  of  another  one.  For  instance,  coal  tar  has  qualities  1  and 
3.  For  the  flotation  of  our  ordinary  milling  ore  we  do  not  require  much 
of  the  quality  of  oil  classified  in  group  No.  2,  and,  therefore,  can  get 
along  with  coal  tar  alone.  But  we  find  it  advisable  to  add  to  the  coal 
tar  more  of  the  qualities  characteristic  of  the  third  group,  and  for  this 
purpose,  we  add  about  5  per  cent,  of  the  total  in  the  form  of  crude  pine 
oil.  In  many  cases  it  is  found  that  the  flotation  oil  has  the  characteristics 
of  group  No.  2  to  such  an  extent  that  it  is  impossible  to  make  clean  con- 
centrates. Various  chemical  means,  such  as  the  addition  of  acid  or 
alkali,  are  used  to  counteract  this. 

Conclusion 

In  siunming  up  I  want  to  say  that  the  fact  that  the  Inspiration  com- 
pany has  been  able  to  design  a  commercially  successful  flotation  plant 
and  has  found  ways  that  hold  out  prospects -of  raising  the  plant  to  a  very 
high  state  of  efficiency,  must  be  attributed  to  the  policy  followed  by  the 
company  of  spending  great  sums  of  money  for  the  purpose  of  investigating 
the  flotation  process  on  a  commercial  scale.  In  carrying  out  these  inves- 
tigations, a  close  cooperation  between  laboratory  and  operating  force 
helped  us,  I  believe,  more  than  anjrthing  else.  I  would  like  to  give  credit 
to  each  person  who  had  a  share  in  contributing  toward  the  success  of 
the  work,  but  cannot  do  it,  because  the  list  would  be  too  long. 
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[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Arisona  meeting*  September.  1916,  when  an  abstract  of  the  pap^r  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  39  West 
39th  Streetj  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1, 1916.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


A  New  Flotation  Oil 

BY  MAXWELL  ADAMS,   RENO,   NISV. 
(Arisona  Meeting,  September,  1916) 

Considerable  interest  has  recently  been  developed  in  sage-brush  oil 
because  of  its  possible  utilization  as  a  flotation  agent  in  the  mining 
industry.  A  list  of  some  of  its  physical  properties,  together  with  the 
method  used  in  its  extraction,  may  prove  of  interest  at  this  time. 

Something  over  a  year  ago,  a  study  of  the  essential  oils  in  desert 
plants  was  begun  in  the  Chemical  Laboratory  of  the  University  of  Nevada. 
None  of  the  oils  so  far  studied  possess  properties  of  special  interest  to 
engineers,  except  the  oil  of  sage,  Artemesia  tridentate,  which  has  excep- 
tional power  as  a  flotation  agent.  This  plant,  known  as  common  sage 
brush,  also  called  black  sage,  is  widely  distributed  over  the  semi-arid 
West,  being.found  quite  generally  on  most  of  the  dry  plains  and  mountains 
west  of  Missouri. 

The  method  of  extracting  the  oil  followed  in  these  experiments  is 
very  simple.  The  leaves,  twigs  and  small  branches  are  placed  in  an  air- 
tight drum,  having  a  capacity  of  about  27  cu.  ft.  Steam  is  admitted 
through  a  number  of  small  openings  at  the  bottom  of  the  retort,  and  the 
pressure  maintained  at  20  to  25  lb.  per  sq.  in.  for  3  hr.  The  escape  of 
the  steam  from  the  retort  is  regulated  by  allowing  it  to  pass  through  a 
stop-cock  into  a  condenser.  The  water  in  the  receiver  is  drawn  off  from 
time  to  time  and  the  oil,  which  is  insoluble  and  floats  upon  the  water,  is 
thus  collected.  At  the  end  of  2  hr.  most  of  the  oil  has  been  driven  out, 
though  traces  continue  to  come  over  for  a  much  longer  time.  By  rais- 
ing the  pressure,  the  time  required  could  probably  be  shortened  and 
the  yield  increased,  but  the  lack  of  laboratory  equipment  has  prevented 
the  carrying  out  of  this  experiment. 

The  stock  wood,  bark  and  branches  contain  no  oil,  the  distribution 
of  the  oil  being  limited  to  the  leaves  and  young  shoots.  There  is  a  sea- 
sonal variation  in  the  amount  of  oil  contained.  Samples  collected  on 
different  dates  gave  the  following  amount  of  oil:  May  1,  0.42  per  cent.; 
May  27,  0.6  per  cent.;  June  30,  0.72  per  cent.;  Aug.  1,  0.9  per  cent.; 
Sept.  10,  1.0  per  cent.  The  increase  appears  fairly  constant  from  early 
spring,  when  the  leaves  first  appear,  until  light  frosts  occur  in  the 
autumn.     When  the  plant  is  air-dried  there  is  some  loss  of  oil»  as  the 
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following  data  will  show:  Two  100-lb.  samples  were  collected  at  ti 
same  time.  One  was  distilled  when  green;  the  other  was  air  dried  f( 
10  days  before  distillation.  The  green  sample  yielded  275  grams,  ar 
the  dried  sample  248  grams  of  oil,  showing  a  loss  of  about  10  per  cent. 

A  laboratory  experiment  can  furnish  Uttle  data  useful  in  forming  £ 
estimate  of  the  commercial  cost  of  production.  A  man  working  for 
hr.,  and  using  a  pair  of  common  pruning  shears,  collected  twigs  whi< 
yielded  1  lb.  of  oil.  Since  only  a  small  percentage  of  the  oil  is  lost 
the  brush  is  dried,  the  most  economical  method  of  production  wou 
perhaps  be  to  collect  it  in  large  quantities,  by  using  a  tractor  engine  ai 
a  drag,  in  some  such  way  as  land  is  cleared  for  farming.  When  the  brui 
is  dry,  the  leaves  and  young  shoots  are  easUy  shaken  from  the  liml 
Thus  the  amount  of  material  to  be  distilled  would  be  greatly  diminish 
and  the  oil  perhaps  obtained  at  a  cost  and  in  quantity  suf&cient  to  ma 
it  available  as  a  flotation  oil,  if  not  alone,  possibly  as  an  ingredient, 
increase  the  flotative  power  of  other  oils. 

The  crude  oil  is  dark  in  color.  When  redistilled  with  steam  it 
water-white  at  first,  changing  gradually  to  a  straw-yellow  color  up( 
standing.  It  has  the  following  physical  properties:  Density  at  16**( 
0.9206.  Refractive  index  at  20°C.,  1.4732.  Rotation  at  20°C.,  --4.C 
At  98®C.,  a  Ught  oil,  with  a  very  sharp  and  pungent  odor,  begins  to  d 
till,  but  only  after  the  temperature  is  above  165^0.  does  rapid  distillati* 
take  place.  At  180°C.,  the  oil  turns  dark  and  decomposition  begii 
At  a  pressure  of  12  mm.,  and  below  125°C.  almost  all  the  oil  can  i 
distilled. 

The  chemical  properties  of  the  oil  are  as  yet  undetermined.  The 
are  small  quantities  of  alpha  and  beta  pinene.  The  main  part  of  tl 
oil  has  a  camphor-Uke  odor  and  taste,  but  has  failed  to  give  the  ordina 
tests  for  ketones.  The  fraction  boiling  at  175°  to  180°C.  has  some 
the  properties  of  ordinary  cineol,  but  is  acted  upon  by  metalUc  sodiui 
which  indicates  that  the  chief  ingredient  is  not  cineol.  The  chemic 
composition,  which  has  Uttle  interest  in  this  connection,  will  be  workf 
out  later.  The  important  question  for  the  engineer  is:  Can  the  < 
be  produced  in  quantity  and  at  a  cost  that  will  make  it  available  for  o 
flotation? 
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then  diacuMion  in  writing  may  be  sent  to  the  Editor.  Ameriean  Institute  of  Mining  Engineers.  29  West 
39th  Street,  New  York,  N.  V.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arwcament  is  made,  the  discussion  of  this  paper  will  dose  Nov.  1.1916.  Any  discussion 
offered  wereafter  ahould  preferably  be  in  the  form  of  a  new  imper. 


A  New  Source  of  Flotative  Agents 

BT  G.  H.  CLEVBNOER,  PALO  ALTO,   CAL. 
(Arisona  Meeting.  September.  1916) 

The  reagents  now  used  in  flotation  consist  of  various  acids  or  salts, 
which  may  be  either  electrolytes  or  non-electrolytes,  dissolved  in  water 
and  some  substance  or  combination  of  substances  which  function  as  col- 
lecting or  frothing  agents.  At  times  the  only  dissolved  salts  present  are 
those  naturally  occurring  in  the  water  used.  The  general  effect  of  the 
electrolyte  is  to  greatly  sharpen  the  separation  between  the  gangue  and 
the  concentrate.  Examples  of  this  are:  The  use  of  sulphuric  acid  with 
zinc  ores;  and  of  sodium  carbonate  or  calcium  oxide  (Ume)  with  silver- 
gold  ores.  Crude  pyroUgneous  acid  is  also  sometimes  used  when  avail- 
able. Various  oxidizing  agents,  such  as  permanganates,  bichromates, 
etc.,  are  added  in  the  selective  flotation  of  lead-zinc  ores.  Many  other 
reagents  for  performing  certain  specific  functions,  either  real  or  imagi- 
nary, have  been  proposed,  and  a  number  of  them  have  been  tried  upon  a 
working  scale.  The  wild  orgy  of  experimentation  which  is  now  going 
on  in  flotation  exceeds  even  that  which  followed  the  introduction  of  the 
Washoe  process  for  the  treatment  of  Comstock  ores,  when,  among  other 
things,  sage-brush  tea  and  tobacco  juice  were  reagents  added  to  the  pans. 
Out  of  all  this  will,  of  course,  eventually  come  a  more  or  less  standard 
practice  for  the  treatment  of  each  class  of  ore. 

Omitting  a  discussion  of  the  functions  of  frothing  and  collecting 
agents,  the  reagents  used  in  flotation  for  this  purpose  may  be  classified 
under  five  general  heads:  (1)  Essential  oils;  (2)  fixed  or  fatty  oils; 
(3)  alcohols  and  their  combinations  with  organic  acids;  (4)  coal  tar  and 
its  refined  products;  (5)  petroleum  and  its  refined  products. 

A  flotative  agent  of  some  kind  is  required  in  flotation  as  now  prac- 
ticed. A  single  reagent,  as,  for  example,  certain  of  the  essential  oils, 
may  perform  the  duiJ  function  of  frothing  and  collecting  agent,  or  a  mix- 
ture of  substances  may  be  required. 

In  this  country,  the  essential  oils  used  have  been  wood  products, 
and  have  been  almost  exclusively  confined  to  the  steam-distilled  pine 
oils.  At  the  present  time,  the  supply  of  these  is  limited,  and  the  cost 
almost  prohibitive,  so  that  their  use  has  been  dispensed  with  as  far  as 
possible.    The  oils  and  tars  resulting  from  the  destructive  distillation  of 
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the  various  species  of  the  coniferae  find  a  more  general  use  on  account 
the  greater  supply  and  lower  cost,  although  even  these  have  risen  in  pri 
and  the  future  supply  is  somewhat  problematical  if  the  Remand  1 
them  in  flotation  continues  to  increase  at  the  same  rate  as  in  the  past. 

The  fixed  or  fatty  oils,  with  the  exception  of  oleic  acid  and  cru 
pyroligneous  acid,  are  scarcely  ever  used,  since  they  usually  give  pc 
results  as  compared  with  other  flotative  agents. 

Coal  tar  is  a  common  and  cheap  product,  but  not  all  coal  tars  j 
suitable  for  use  in  flotation.  Furthermore,  the  marketing  of  coal  tar 
coming  more  and  more  into  the  hands  of  large  distributors,  who  contrj 
for  the  output  of  the  various  gas  plants.  The  refined  products  of  a 
tar  are  useful  flotative  agents,  but  in  the  case  of  certain  of  these,  for  ( 
ample,  carbolic  acid  and  cresol,  the  price  at  present  has  become  prohi 
tive.  In  general,  crude  coal  tar  yields  the  best  results  when  mixed  wi 
other  oils.  It  is  a  frequent  practice  to  use  a  small  proportion  of  pine  < 
in  order  to  modify  the  froth.  Fortunately,  in  many  cases  these  chea[ 
mixtures  yield  very  satisfactory  results,  and  can  now  be  obtained  ai 
reasonable  cost. 

It  appears  that  only  the  crude  petroleum  oils  having  an  asphal 
base  are  generally  useful  in  flotation.  These  are  invariably  mixed  wi 
other  oils.  The  refined  products  of  petroleum  are  usually  not  sat 
factory,  except  as  constituents  of  oil  mixtures.  The  one  exception 
this  is  perhaps  the  case  of  kerosene  acid  sludge,  which  is  a  byproduct 
petroleum  refining.  Kerosene  acid  sludge  from  eastern  refineries  ga 
unsatisfactory  results  at  Anaconda,  but  California  kerosene  acid  sludj 
resulting  from  the  refining  of  crude  oils  having  an  asphaltic  base, 
satisfactorily  used  in  conjunction  with  a  small  proportion  of  wood  en 
sote  for  the  treatment  of  Anaconda  copper  ores.  While  California  kei 
sene  acid  sludge  is  a  satisfactory  flotative  agent  with  many  ores,  t 
available  supply  tends  to  limit  its  use.  Formerly  California  refine 
threw  it  away,  but  now  little  of  it  is  available  upon  the  open  mark 
since  practically  the  whole  of  the  present  production  is  contracted  foi 
long  time  in  advance  by  pioneer  users. 

A  suitable  oil  supply,  both  as  regards  the  character  of  oil  to  give  t 
best  results  and  its  present  and  future  availability,  is  a  matter  of  seric 
consequence  to  companies  operating  flotation  plants.  It  was  with  t 
in  mind  that  I  began  the  investigation  of  possible  sources  of  flotati 
agents,  with  the  particular  object  of  affording  relief  to  mines  located 
the  arid  regions  of  the  West,  where  none  of  the  common  flotative  agei 
are  locally  available,  and  where  transportation  costs  upon  those  from  1 
outside  are  high. 

Certain  plants  and  shrubs  have  the  peculiar  property  of  secreting 
in  the  new  growth,  during  the  growing  season,  and  particularly  in  1 
leaves.     Botanists  appear  to  be  uncertain  regarding  the  function  of  t 
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oil  in  the  metabolism  of  the  plant.  Some  hold  that  it  is  a  reserve  food 
supply  for  the  plant,  while  others  believe  that  it  is  waste  product  which 
the  plant  fails  to  throw  ofif.  Be  this  as  it  may,  many  plants,  shrubs  and 
trees  contain  oil  in  the  leaves  and  new  growth.  A  good  example  of  this 
is  the  case  of  the  eucalyptus  tree,  from  the  leaves  of  which  essential  oils, 
which  are  used  for  various  purposes,  are  recovered  by  steam  distillation. 
The  leaves  of  the  variety  known  as  amygdaUna,  unique  as  being  the  tallest 
tree  in  the  worid,  have  afforded  a  large  proportion  of  the  flotative  agent 
used  in  the  concentration  of  complex  Australian  ores.  This  variety  of 
tree  is  fortunately  very  plentiful  in  close  proximity  to  these  ore  deposits. 
In  the  great  arid  and  semi-arid  mining  regions  of  the  West  the  most 
common  of  the  few  plants  and  shrubs  native  to  the  region  are  the  varie- 
ties of  sage  brush  known  as  mountain  sage,  pasture  sage,  wormwood 
sage,  etc.;  also,  in  certain  regions,  greasewood  and  other  shrubs  of  a  simi- 
lar nature.  It  is,  therefore,  to  sage  brush  that  my  attention  has  been 
directed  in  the  search  for  flotative  agents  for  concentrating  Western 
ores. 

It  appears  that  the  various  varieties  of  wild  sage  were  first  investi- 
gated by  certain  members  of  the  Department  of  Agriculture,  with  regard 
to  the  possibility  of  producing  from  them  by  steam  distillation  essential 
oils  suitable  for  pharmaceutical  use.     Steam-distilled  oil  was  prepared  by 
Rabak^  from  the  variety  artemisiafrigida  in  1905,  and  during  the  summers 
of  1907  and  1908  larger  quantities  of  oil  were  prepared  from  specimens  of 
this  plant,  collected  in  South  Dakota.     In  1912,  an  essential  oil  prepared 
by  the  steam  distillation  of  Ramona  stachyoides  (black  sage)  from  southern 
California  was  also  reported  by  Ilabak.     This  oil  was  said  to  contain 
40  per  cent,  of  camphor.     In  1914,  Charles  E.  Burke  and  Charles  C. 
Scalione*  gave  an  account  of  an  investigation  of  an  essential  oil  which 
had  been  prepared  from  the  same  shrub  by  the  steam  distillation  of  several 
hundred  pounds  of  leaves  and  twigs  collected  from  brush  growing  near 
Riverside,  Cal.     The  yield  of  oil  in  this  case  was  0.9  per  cent,  of  the 
weight  of  the  material  used.     This  yield  was  somewhat  higher  than  that 
reported  by  the  Department  of  Agriculture.     This  is  perhaps  accounted 
for  by  the  fact  that  the  brush  was  collected  later  in  the  season.     This  oil 
is  reported  as  having  the  following  composition: 

Per  Cent. 

Finene 6 

Oneol 30 

Dipentine,  terpinene,  etc ! 25 

Thujone 8 

Camphor 25 

Resinous  material 5 

1  Frank  Rabak:  Wild  Volatile-oil  Plants  and  Their  Economic  Importance,  Bulletin 
Xo.  235y  p.  22,  Bureau  of  Plant  Industry. 

*  Charles  E.  Burke  and  Charles  C.  Scalione:  Investigations  on  Oil  of  Black  Sage, 
Journal  oj  Industrial  and  Engineering  Chemistry ^  vol.  6,  p.  804  (1914). 
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Camphor  was  separated  from  a  portioA  of  the  oil,  thus  demonstratin 
the  rather  interesting  possibility  of  black  sage  as  a  source  of  bornec 
camphor.  Upon  request,  Mr.  Scalione  furnished  me  with  a  sma 
sample  of  the  original  oil.  This  oil  is  clear,  with  a  very  sUght  yellowis 
tinge,  and  has  an  agreeable  odor.  In  fact,  so  far  as  appearance  and  genen 
behavior  goes,  although  the  chemical  composition  is  somewhat  differen 


Fig.  1. — Artemisia  Tridentata. 


it  very  much  resembles  steam-distilled  eucalyptus  oil  from  the  Austral 
variety,  amygddlina.  This  oil  is  a  good  frothing  agent,  and  it  3rielc 
quite  satisfactory  results  upon  lead  and  zinc  ores  in  a  qualitative  ^w 
although  the  amount  available  did  not  permit  of  thorough  investigati 
The  idea  of  investigating  sage  brush  and  greasewood  as  possible  soiu 
of  flotative  agents  was  conceived  early  in  January,  but  it  was  not  u 
early  in  March  that  the  first  100  lb.  of  sage  brush  was  forwarded  to 
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through  the  courtesy  of  G.  B.  Lantz.  This  lot  was  collected  near  Gold- 
field,  Nev.,  and  proved  to  be  the  variety  Artemisia  tridentaia.  "In  the 
Western  Arid  Transition  zone  the  flora  consists  largely  of  the  true  sage 
brush,  Artemisia  tridentata,  "*  therefore  this  would  be  the  variety  avail- 
able in  the  greatest  abundance  near  to  the  mines  of  this  region  (see 
Fig.  1). 

An  apparatus  for  destructive  distillation,  capable  of  treating  30  lb. 
of  brush  at  a  charge,  was  constructed,  and  two  charges  of  the  brush  were 
distilled  (see  Fig.  2).  The  products  which  first  came  over  consisted 
of  acid  liquor  resembling  the  crude  pyroligneous  acid^  obtained  from  wood 
distillation,  a  black  oil  or  tar,  and  inflanmiable  gas.  Finally  these  prod- 
ucts ceased  to  come  over,  but,  upon  raising  the  temperature,  a  consider- 


FiG  2. — Experimental  Apparatus  Used  for  the  Destructive  Distillation 
OF  Sage  Brush.  A,  burners;  B,  retort;  C,  cold  jxinction;  D,  tar  tap;  E,  condenser; 
F,  galvanometer;  G,  gas;  H,  distillate. 

able  amount  of  gas  was  given  ofif  and  a  rather  thick  reddish-brown  Uquor, 
having  an  alkaline  reaction,  began  to  come  over,  and  with  it  was  a  small 
amount  of  tar  similar  to  that  which  came  over  with  the  acid  Uquor.  The 
brown  liquor  had  the  characteristic  fishy  odor  peculiar  to  the  amines. 
There  was  also  at  times  a  distinct  ammoniacaJ  odor.  The  acid  and 
alkaline  liquors  were  kept  separate,  while  the  tar  from  both  was  com- 
bined. These  three  products  were  first  tried  qualitatively  in  the  flotation 
of  finely  ground  samples  of  various  minerals  such  as  galena,  cinnabar, 
pyrite,  etc. 

The  acid  Uquor  behaved  very  much  as  does  ordinary  pyroUgneous 
acid.      The  alkaline  Uquor  was  a  good  frothing  agent,  but  the  froth 


*  EncydopcBdia  Britannica,  Eleventh  Edition,  vol.  27,  p.  634. 
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carried  up  little  mineral.     The  tar  which  came  over  with  the  acid  Kqu 
proved  to  be  a  splendid  flotative  agent. 

FoUowipg  this,  quantitative  tests  were  made  upon  a  number  of  di 
erent  ores,  employing  the  tar  produced  from  this  lot  of  sage  as  a  flotati 
agent.  These  results,  a  number  of  which  are  given  below,  were  in  genei 
very  satisfactory. 

A  sample  of  zinc  ore  from  the  Butte  Superior  mine,  Butte,  Mon 
containing  22.39  per  cent,  of  zinc,  when  tested  in  a  Janney  laboratc 
machine  employing  a  solution  of  0.25  per  cent,  of  sulphuric  acid,  ga 
97.0  per  cent,  extraction  of  the  zinc.  The  first  concentrate  contain 
53.8  per  cent,  of  zinc,  the  second  48.9  per  cent.,  the  third  40.5  per  cer 
and  the  fourth  18.1  per  cent.  The  oil  consumption  was  at  the  rate 
0.4  lb.  per  ton  of  ore. 

A  sample  of  mercury  ore  from  the  New  Almaden  mine,  Califom 
containing  0.26  per  cent,  of  mercury,  when  tested  in  a  Janney  machi 
employing  a  0.2  per  cent,  solution  of  sodium  carbonate,  gave  an  extri 
tion  of  90  per  cent,  of  the  mercury.  The  first  concentrate  contain 
3.6  per  cent,  of  mercury,  the  second  2.5  per  cent.,  the  third  1.55  per  cer 
and  the  fourth  0.95  per  cent.  The  oil  consumption  was  at  the  rate  of  1 
per  ton  of  ore. 

A  sample  of  lead  ore  from  the  Coeur  d'Alene  region,  containing 
per  cent,  of  lead,  when  tested  in  a  Janney  machine  employing  a  0. 
per  cent,  solution  of  sodium  carbonate,  gave  an  extraction  of  92.2  i 
cent,  of  the  lead.  The  calculated  lead  content  of  the  total  concentre 
was  37.3  per  cent.  The  oil  consumption  was  at  the  rate  of  0.67  lb.  i 
ton  of  ore. 

A  sample  of  silver-gold  ore  from  the  Ophir  mine,  Virginia  City,  Ne 
assaying  0.46  oz.  gold  and  7.4  oz^  silver  per  ton,  when  tested  in  a  Jane 
machine  employing  a  0.1  per  cent,  lime  or  sodium  carbonate  solutit 
gave  an  extraction  of  approximately  90  per  cent,  of  the  silver  and 
per  cent,  of  the  gold.  The  first  concentrate  assayed  gold  5.3  oz.  a 
silver  198  oz.  per  ton;  the  second,  gold  3.75  oz.  and  silver  72.9  oz.  per  t< 
and  the  third,  gold  1.32  oz.  and  silver  35.3  oz.  per  ton.  The  oil  consur 
tion  was  at  the  rate  of  approximately  0.6  lb.  per  ton. 

The  oil  consumption  when  employing  sage  tar  appears  to  be  less  tl 
with  most  of  the  other  oils  experimented  with  in  treating  the  same  o] 
and  the  extraction  was  in  general  better.  Since  it  is  the  experience 
many  that  large-scale  operation  requires  less  oil  than  is  indicated  by  sm 
scale  tests,  it  is  reasonable  to  suppose  that  the  oil  consumption  in  trc 
ing  the  ores  cited  would  be  materially  lessened  when  working  upon 
operating  scale,  and  that  possibly  the  extraction  could  be  bettered, 
think  the  latter  is  particularly  true  of  the  Ophir  ore. 

Later  in  March,  another  lot  of  brush  of  the  same  variety  was  colle< 
by  Mr.  Lantz  from  the  same  locality,  more  fully  in  leaf  than  that  coUec 
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earlier  in  the  season.  Distillations  were  run  on  this  lot,  keeping  the 
various  products  separate,  so  that  they  could  be  properly  measured  and 
weighed. 

Temperature  measurements  were  made  at  regular  intervals  by  means 
of  a  thermocouple,  and  as  a  result  there  waB  better  control  of  the  heating 
than  in  former  tests.  The  yield  from  the  last  of  these  tests,  which  was 
the  most  carefully  conducted,  and  was  therefore  the  most  representative, 
was  as  follows: 

Pounds  Per  Cent. 

Weight  of  sage  brush  used 30 . 

Acid  liquor 8.4  28.00 

Tar  with  acid  liquor 1.1  3.66 

Alkaline  liquor.. 0.66  2.20 

Tar  with  alkaline  liquor 0.09  0.30 

Charcoal 10.00  33.33 

Gas  (by  difiference) 9.7  32.51 

The  retort  was  slowly  heated  for  1  hr.  before  liquid  began  to  condense. 
The  temperature  at  the  center  of  the  charge  at  the  end  of  this  time,  as 
indicated  by  the  thermocouple,  was  60®  C;  the  temperature  at  the  sides 
of  the  charge  was  probably  somewhat  higher. 

In  the  next  period  of  6  hr.,  during  which  the  acid  liquor  and  most 
of  the  tar  came  over,  the  temperature  rose  from  60**  to  275°  C;  the  rise 
above  100°  C.  taking  place  during  the  last  hour  and  a  half. 

The  alkaline  Uquor  and  the  last  of  the  tar  came  over  in  the  last  period 
of  3  hr.,  during  which  the  temperature  rose  from  275°  to  611°  C. 

It  is  reasonable  to  assume  that  a  yield  of  about  4  per  cent,  of  the  tar 
oil  can  be  realized  if  the  sage  is  collected  at  the  proper  season  and  the  dis- 
tillation carried  on  by  the  best  methods.  Then  there  is  the  acid  liquor, 
which  in  certain  cases  could  be  used  directly  in  flotation;  or  it  might  prove 
profitable  to  recover  the  alcohol,  acetic  acid,  the  dissolved  tar  oil,  etc., 
which  it  contains.  I  have  not  had  an  opportunity  to  investigate  the 
alkaline  liquor  thoroughly,  but  it  would  seem  to  present  many  interest- 
ing possibilities.  Among  other  things,  the  first  lot  was  found  to  contain 
2.09  per  cent.,  and  the  second  lot  2.18  per  cent,  of  nitrogen.*  I  suspect 
that  this  liquor  may  also  contain  phenoUc  bodies  which  would  be  useful 
in  flotation  when  separated  from  the  other  constituents.  The  charcoal 
is  fine,  but  it  should  be  possible  to  utilize  it  for  fuel  in  heating  the  retorts. 
One  peculiarity  is  the  high  percentage  of  ash  which  it  contains  (10.5 
per  cent,  in  the  one  sample  analyzed).  This  may  be  in  part  due  to  dust 
upon  the  sage  brush,  although  the  brush  was  chopped  fine  before  dis- 
tillation, and  it  would  seem  that  a  good  deal  of  the  dust  would  be  shaken 
from  it  during  this  operation.  If  the  charcoal  were  burned,  as  pre- 
viously suggested,  the  alkaline  ash  might  serve  instead  of  lime  or  sodium 
carbonate  in  cases  where  flotation  in  alkaline  solution  was  practiced. 

*  Analysis  by  Professor  R.  E.  Swain, 
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The  inflammable  gas  would,  of  course;  be  burned  under  the  retorts 
The  proportion  of  the  heat  necessary  for  carrying  on  the  operation  whicl 
could  be  realized  in  this  way  is  problematical;  however,  it  is  reasonabh 
to  assume  that  a  considerable  part  of  that  required  for  destructive  dis 
tillation  could  be  produced  by  burning  the  gas  and  charcoal.  Moreover 
another  interesting  possibility  in  connection  with  the  heating  of  thi 
retorts  is  the  utiUzation  of  the  waste  heat  from  various  metallurgica 
operations. 

Through  the  courtesy  of  Charles  Scalione,  several  ounces  of  steam 
distilled  essential  oil  was  prepared  from  the  tip  ends  of  a  portion  of  tb 
last  lot  of  sage  brush.  Approximately  1  hr.  was  required  for  distillini 
each  charge  of  20  lb.  The  yield  amounted  to  0.43  per  cent,  of  the  whol 
plant.  This  oil  had  a  greenish-yellow  color  when  first  distilled,  but  be 
came  yellow  upon  standing.  It  has  the  characteristic  penetrating  odo 
of  sage,  and  a  very  decided  tendency  to  creep  up  the  sides  of  the  glas 
containing  vessel.  This  oil  appears  to  have  distinctly  different  propertie 
from  the  essential  oil  resulting  from  the  steam  distillation  of  the  blacl 
sage.  If  gives  promising  results  with  some  ores,  but  in  my  opinion  i 
is  not  nearly  so  good  as  the  tar  oil  resulting  from  the  destructive  distilla 
tion  of  the  same  shrub.  In  fact,  imder  ordinary  circumstances,  I  di 
not  think  that  the  steam-distilled  oil  can  be  given  serious  consideration 
since  the  mines  that  would  be  most  benefited  are  generally  located  wher 
fuel  is  high,  and  the  yield  of  oil  is  rather  small,  probably  less  than  1  pe 
cent.  In  addition,  there  are  no  other  valuable  products,  unless  the  tannii 
extract  resulting  during  steam  distillation  should  have  a  market  valu 
or  a  demand  should  arise  for  "sage  tea."^ 

Time  has  not  been  available  for  making  analyses  and  a  study  of  al 
the  products  resulting  from  the  destructive  distillation  of  sage.  How 
ever,  sufficient  work  has  been  done  to  show  at  least  that  the  light  tar  i 
an  efficient  flotative  agent  for  a  considerable  number  of  ores,  as  indicate< 
by  the  tests  cited. 

The  idea  of  utiUzing  sage  brush  in  metallurgy  is  by  no  means  new,  a 
is  shown  by  the  following  quotation,*  referring  to  early  development  o 
the  Washoe  process,  and  the  wild  riot  of  experimentation  accompanyinj 
it: 

"The  native  sage  brush,  which  everywhere  covered  the  hills,  being  th 
bitterest,  most  unsavory,  and  nauseating  shrub  to  be  found  in  any  par 
of  the  world,  it  was  not  long  before  a  genius  in  charge  of  a  mill  conceives 
the  idea  of  making  a  tea  of  this  and  putting  it  into  his  pans.  Soon,  th 
wonders  performed  by  the  sage-brush  process,  as  it  was  called,  wer 
being  heralded  through  the  land." 

'  Patents  are  pending  covering  the  use  of  the  various  sage  products  in  fiotatioi 
•Dan  De  Quille  (William  Wright):  The  Big  Bonanza,  pp.    138,   140,  America 
Publishing  Co.,  Hartford,  Conn.,  1877. 
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[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  i>reBented  in  person  at  the 
Arisona  meetinj^.  Sei)tember,  1916,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  m  writinc  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  Is  made,  the  discussion  of  this  paper  will  close  Nov.  1, 1916.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Antecedent  Mineral  Discovery  Requirement 

BY  E.   D.    GARDNER,   M.    E.,    MISSOULA,    MONT. 
(Arisona  meeting,  September,  1916) 

Apparently  the  widespread  agitation  for  the  codification  of  ourmining 
laws  has  had  its  effect,  and  it  is  quite  possible  that  Congress  will  take 
up  the  question  during  this  present  session.  The  greatest  objection  to 
our  present  statutes  pertaining  to  metalliferous  deposits  seems  to  be 
directed  against  the  law  of  the  apex.  Those  who  are  not  in  favor  of 
changing  this  law  are  very  far  in  the  minority  and  they  apparently  realize 
that  it  is  useless  to  urge  its  retention. 

Next  in  importance  to  the  repeal  of  the  law  of  the  apex,  seems  to  be 
a  widespread  advocacy  for  the  repeal  of  the  law  requiring  discovery  of 
mineral  before  a  valid  location  of  a  mining  claim  can  be  made.  To  a 
lesser  extent  there  appears  to  be  a  desire  to  have  the  law  changed  so  as 
to  allow  patent  for  claims  without  mineral  discoveries. 

The  purpose  of  this  article  is  to  review  the  arguments  in  favor  of  the 
proposed  change  of  the  discovery  requirement,  to  show  some  of  the  evils 
that  may  be  expected  to  result  therefrom,  and  to  consider  whether  a 
system  may  be  devised  to  correct  the  undesirable  features  of  the  present 
law  in  this  respect  and  at  the  same  time  not  expose  the  mining  fraternity  ^ 
and  the  general  public  to  the  evils  which  would  result  from  the  repeal  of 
this  fundamental  requirement. 

Under  the  law  as  at  present  framed,  the  validity  of  a  mining  location 
is  dependent  upon  the  fact  of  discovery  of  mineral  within  the  boundaries 
of  the  land  claimed. 

"  *  *  *  but  no  location  of  a  mining  claim  shall  be  made  until  the  discovery  of  the 
vein  or  lode  within  the  limits  of  the  claim  located''  (Sec.  2,320,  U.  S.  Rev.  Stat.). 

All  authorities  agree  that  discovery  is  the  source  of  the  miners'  title. 
Lindley,  in  his  valuable  work  on  Mines  (3d  Ed.,  Sec.  335),  lays  down  the 
rule  in  part  as  follows: 

"Discovery  is  the  initial  fact.  Without  that  no  right  can  be  acquired.  ♦  ♦  ♦ 
Such  discovery  must  precede  the  location,  or  be  in  advance  of  intervening  rights. 
The  proof  of  recording  and  marking  a  claim  will  not  authorize  the  court  to  presume  a 
discovery." 

As  is  well  stated  by  the  U.  S.  Supreme  Court  in  Erhard  v.  Boaro  (113 
U.S.  536): 
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"A  mere  posting  of  a  notice  on  a  ridge  of  rocks  cropping  out  of  the  earth  or  on 
other  ground,  that  the  poster  has  located  thereon  a  mining  claim,  without  any  dis- 
covery or  knowledge  on  his  part  of  the  existence  of  metal  there,  or  in  its  immediate 
vicinity,  would  be  justly  treated  as  a  mere  speculative  proceeding,  and  would  not  of 
itself  initiate  any  right.  There  must  be  something  beyond  a  mere  guess  on  the  part 
of  the  miner  to  authorize  him  to  make  a  location  which  will  exclude  others  from  the 
ground,  such  as  the  discovery  of  the  presence  of  the  precious  minerab  in  it,  or  in 
such  proximity  to  it  as  to  justify  a  reasonable  belief  in  their  existence." 

Accordingly,  if  the  miner  has  made  a  discovery  and  otherwise  conformed 
to  the  requirements  of  the  law,  his  possession  of  the  claim  located  is 
exclusive,  against  all  the  world,  even,  in  all  probability,  against  the  owner 
of  the  land,  the  Government,  except  on  areas  which  Congress  by  special 
legislation  has  set  apart  and  defined  for  paramount  purposes,  such  as 
National  Parks.  He  has  an  interest  in  the  land  which  descends  to  his 
heirs,  which  he  can  dispose  of  by  wlQ,  by  deed,  or  other  contract,  and  all 
that  is  required  of  him  after  location,  until  patent  is  secured  from  the 
Government,  is  to  keep  his  claim  alive  by  performance  of  the  annual 
assessment  work  thereon. 

In  cases  where  two  private  locators  claim  the  same  ground,  the  one 
first  making  a  discovery  of  mineral  would  probably  get  the  area,  irre- 
spective of  the  relative  time  of  beginning  work  or  of  posting  notices. 
However,  such  cases  are  extremely  rare,  considering  the  total  number  of 
claims  located  each  year.  Strictly  speaking,  a  prospector  cannot  make 
a  vaUd  location  before  he  has  discovered  mineral,  but  he  has  the  rights 
of  possession,  except  against  the  United  States;  and,  while  there  is  a 
conflict  in  the  decisions  on  this  point,  in  many  cases  the  rule  appears  to 
be  that  as  long  as  he  is  working  the  ground  and  is  in  possession  the  law 
will  protect  him,  and  when  a  discovery  is  made  his  location  is  good. 

In  any  attempt  to  remedy  defects  in  the  present  system  of  Federal 
mining  laws,  the  underlying  intent  and  purpose  of  existing  legislation  on 
the  subject  should  not  be  lost  from  view.  As  was  well  said  by  the  Assist- 
ant Secretary  of  the  Interior  in  Cataract  Gold  Mining  Co.  et  aL  (43  L.  D., 
248): 

"The  intent  of  the  general  mining  laws  was  to  encourage  and  promote  the  develop- 
ment of  the  mining  resources  of  the  United  States." 

Proposed  amendments  of  existing  law,  not  based  on  this  broad  policy 
but  having  in  view  the  exploitation  of  the  public  domain  in  the  interests 
of  mere  individuals  without  corresponding  benefit  to  the  p>eople  as  a 
whole,  should  meet  the  condemnation  of  every  honest  and  right-thinking 
man.  Keeping  in  view,  therefore,  this  beneficent  purpose  of  the  present 
law,  let  us  consider  whether  the  proposed  elimination  of  the  antecedent- 
discovery  requirement  from  the  law  will  operate  to  give  greater  effect  to 
such  purpose. 

It  is  contended  that,  if  the  requirement  of  an  antecedent  discovery 
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of  mineral  within  the  lines  of  the  claim  located  were  dispensed  with,  the 
result  would  be  to  hasten  the  development  of  the  mineral  resources  of  the 
public  domain  and  so  increase  the  wealth  of  the  nation;  furthermore, 
that  the  present  discovery  requirement  is  an  unnecessary  hardship  in  a 
great  many  cases,  and  should  be  dispensed  with  in  justice  to  those  who 
are  honestly  endeavoring  to  develop  the  mineral  resources  of  the  public 
domain. 

It  is  urged  that,  if  the  antecedent-discovery  requirement  were  abol- 
ished, the  one  first  staking  out  a  piece  of  ground  would  be  protected  in 
his  possession  of  it  even  if  a  later  locator  on  the  same  ground  were  the 
first  to  discover  mineral.     . 

This  raises  the  question,  to  whom  should  the  desired  reward  (viz., 
exclusive  occupation  of  the  ground)  be  given?  Shall  it  be  to  him'who  is 
diligent  in  staking  out  his  claim,  or  to  him  who  is  not  merely  diligent  in 
that  respect  but,  not  content  with  this,  pursues  diligence  to  the  point  of 
discovering  the  hidden  mineral  wealth?  Which  of  the  two  is  more 
deserving  of  reward?  Which  of  the  two  is  bending  his  efforts  toward 
the  consummation  of  the  poUcy  of  the  law?  Certainly  the  one  discover- 
ing mineral  has  performed  a  very  essential  act  in  the  development  of  a 
mine. 

In  some  mining  districts  where  outcrops  are  few,  extensive  and 
expensive  development  work  is  necessary  before  valuable  mineral  is 
found.  Many  long  and  costly  exploratory  tunnels  have  been  driven  and 
shafts  sunk  to  develop  tracts  of  land  on  which  occur  no  surface  indications 
of  veins  or  mineral  but  which  were  favorably  situated  in  mineral  belts. 
Justification  for  prosecution  of  development  work  under  such  conditions 
depends  to  a  great  extent  on  a  careful  study  of  mineral  showing  on 
adjacent  lands.  The  successful  prosecution  of  such  exploratory  work  is 
dependent  on  the  raising  of  sufficient  capital  for  the  enterprise.  The 
raising  of  capital,  a  difficult  undertaking  in  connection  with  almost  any 
project  so  essentially  speculative  in  character  as  that  of  exploring  for 
precious  metals,  is  made  more  difficult  if  the  promoters  cannot  show  a 
fee-simple  title  to  the  property  to  be  developed.  Hence,  the  abolishment 
of  the  discovery  requirement  would  have  the  effect  of  overcoming  this 
one  obstacle  to  the  development  of  our  mineral  resources. 

When  valuable  orebodies  are  found  on  unpatented  claims,  there  is 
always  the  menace  of  Utigation  to  prove  the  ownership  of  the  ground. 
After  a  strike  has  been  made,  it  often  happens  that  abandoned  locations, 
which  at  one  time  covered  the  land,  are  resurrected  or  the  boundary  lines 
of  prior  adjoining  claims  are  moved  in  such  a  manner  as  to  take  in  the 
more  valuable  ground.  The  indefinite  manner  of  describing  claims  in 
location  notices,  and  the  great  number  of  old  illegible  mining  corners 
usually  scattered  over  the  landscape  in  mining  districts,  increase  the 
difficulty  of  successfully  defeating  such  contests.     The  richer  the  ore- 
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bodies  found  in  these  cases,  the  stronger  the  efforts  by  contesting  claii 
ants  to  obtain  the  ground. 

The  danger  of  contests  on  unpatented  ground  after  a  strike  has  be^ 
made  will  be  augmented  if  valid  locations  can  be  made  without  a  discove 
of  mineral.  Contests  initiated  by  the  locators  of  abandoned  prior  claii 
would  be  more  likely  to  succeed  if  these  claims  had  had  a  legal  existenc 

It  may  be  well  to  say  here,  however,  that  it  must  not  be  taken  f 
granted  that  all  contests  are  not  made  in  good  faith.  Locators  of  ad joi 
ing  ground  quite  often  do  not  know  the  position  of  each  other's  lines,  ai 
conflicts  occur,  therefore,  when  mineral  survey  is  made  for  one  or  bo 
of  the  claims.  A  contestant  is  usually  honest  in  his  belief  in  his  ownersh 
of  the  disputed  area.  Private  contests  against  the  issuance  of  pate 
for  mining  claims  are  being  continually  initiated  by  claimants  for  all 
part  of  the  ground. 

Sometimes  a  locator  tries  to  get  part  of  another's  prior  location  1 
getting  his  conflicting  claim  patented.  I  know  of  instances  whe 
valuable  ground  which  was  being  held  under  location  has  been  patent( 
by  a  subsequent  locator  before  the  owner  of  the  prior  claim  knew  wh 
was  going  on. 

If  we  shut  our  eyes  to  actual  conditions  and  assmned  that  all  locate 
of  mining  claims  act  in  perfect  good  faith  in  staking  out  ground  wi 
intent  to  develop  it  for  its  mineral  contents,  probably  there  would  be  i 
necessity  for  the  antecedent-discovery  requirement.  But  mining  loc 
tions,  even  now,  are  made  to  cover  a  multitude  of  frauds  against  tl 
public-land  laws.  Title  to  valuable  water-power  sites,  immense  quani 
ties  of  timber  and  valuable  town  sites  have  been  secured  under  the  minL 
laws.  How  much  greater  and  more  frequent  would  be  these  frauds 
even  a  perfunctory  discovery  of  mineral  were  not  required  to  validate  tl 
locations.  By  far  the  greater  number  of  mining  claims  desired  for  pt 
poses  other  than  mining  have  had  no  discovery  of  mineral. 

Care  should  be  taken  that  the  interests  of  all  the  people  are  not  sac 
ficed  in  our  consideration  of  the  welfare  of  the  prospectors.  The  d 
covery  requirement  is  designed,  and  operates,  as  a  check  on  the  dispos 
of  lands  of  the  people  under  the  mining  laws  for  purposes  foreign  to  t 
intent  of  the  law,  viz.,  the  speedy  and  bona  fide  development  of  t 
mineral  resources  of  the  public  domain. 

If  the  validity  of  the  location  is  to  be  dependent  merely  on  taki 
possession  of  the  ground  without  the  antecedent  discovery  of  minei 
what  is  to  prevent  the  staking  of  claims  near  pay  ground  with  intent 
hold  them  for  speculation  and  hold-up  purposes,  and  not  for  bona  { 
development  of  mineral  value,  to  a  much  greater  extent  than  at  presei 
What  is  to  prevent  irresponsible  individuals  from  staking  claims  wh 
can  be  held  indefinitely  by  perfunctory  assessment  work,  thereby  ty 
up  large  areas  of  valuable  ground  for  the  purpose  of  levjdng  tribute 
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thoee  deBiring  to  obtain  the  ground  for  mining  or  other  purposes?  Surely, 
to  abolish  the  antecedent-discovery  requirement  is  to  open  the  door  to 
fraud  and  deceit  incalculable,  and  will  tend  to  block  actual  development 
of  large  areas  for  many  years  to  come. 

The  abandonment  of  the  mineral-discovery  requirement  would  natu- 
rally facilitate  the  patenting  of  mining  claims;  but,  however  desirable 
it  may  be  in  some  cases  to  expedite  the  granting  of  patents,  I  beUeve 
easy  patenting,  on  the  whole,  will  not  benefit  the  mining  industry,  but 
will  retard  it. 

Most  nuning  men  know  of  many  promising  claims  and  prospects  for 
which  patents  have  been  obtained  which  have  been,  to  all  intents  and 
purposes,  abandoned.  A  large  proportion  of  the  appUcations  for  patent 
comes  from  owners  who  are  tired  of  doing  the  annual  assessment  work 
but  still  desire  to  hold  the  ground.  Of  such  cases,  only  a  small  number  of 
claims  are  ever  worked  again. 

Nearly  10,000  mineral  surveys  for  groups  of  claims,  from  one  to  thirty 
or  more  each,  have  been  made  in  the  State  of  Montana  alone,  and  this 
number  does  not  include  placer  claims  that  have  been  taken  up  by  legal 
subdivisions.  While  patent  does  not  necessarily  follow  a  mineral  survey, 
it  does  so  in  nearly  all  cases,  and  of  the  patented  claims  only  a  small 
number  have  been  worked  since  final  certificates  were  issued.  Outside 
of  the  Butte  district,  I  will  venture  to  say  that  less  than  5  per  cent,  of 
the  patented  claims  in  Montana  are  now  being  worked,  when  metals 
are  higher  than  at  any  time  in  the  last  50  years. 

In  such  active  districts  as  Butte  and  the  Coeur  d'Alenes,  where  large 
capital  is  required  in  developing  properties,  the  patenting  of  claims,  on 
the  whole,  does  not  discourage  new  operations,  but  perhaps  helps  them. 
In  cases,  however,  where  one  dominant  company  patents  the  whole 
surrounding  territory,  independent  operators  who  would  perhaps  be 
willing  to  take  a  chance  on  developing  some  of  this  ground,  if  open, 
are  thereby  kept  out. 

The  patenting  of  the  groimd  seriously  handicaps  the  chances  of 
small  camps  and  new  districts  for  becoming  important  producers. 
Numerous  cases  can  be  pointed  out  where  the  patenting  of  the  claims 
has  seriously  retarded  the  development  of  camps,  or  altogether 
stopped  it. 

The  majority  of  those  who  have  written  about  the  desirability  of 
amending  the  present  mining  laws  have  done  so  from  the  standpoint  of 
the  mining  operator  or  prospector.  None  of  the  writers  on  the  subject 
seem  to  have  taken  into  consideration  the  effect  amending  the  law  per- 
taining to  mineral  discovery  will  have  upon  the  Government's  adminis- 
tration of  the  public  land.  It  must  be  borne  in  mind  that  this  land 
belongs  absolutely  to  the  people  of  the  United  States  as  a  whole,  and 
their  interest  must  be  considered.    It  is  not  a  no-man's  land^  as  some 
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people  would  appear  to  believe.  Individual  claims  on  it  are  allov 
only  by  virtue  of  the  laws  of  Congress,  which  prescribe  the  performai 
of  certain  definite  requirements,  and  it  does  not  belong  to  the  first  cor 
solely  on  his  assertion  of  a  claim  to  any  part  of  it. 

Many  abuses  have  been  perpetrated  by  unscrupulous  locators 
land  under  the  mining  laws.  Mining  claims  have  been,  and  are  n( 
located  to  control  springs^  water-holes,  range  privileges,  power  i 
reservoir  sites,  town  sites,  rights-of-way,  summer-residence  sites,  tim 
and  agricultural  land,  natural  curiosities,  and  other  surface  vali 
While,  at  the  present  time,  land  more  valuable  for  other  purposes  tl 
for  mining  cannot  be  patented  under  the  mining  laws  unless  mint 
has  been  found  and  the  required  expenditure  made,  in  the  past,  bef 
the  Government  inspected  the  ground  before  issuing  patent,  valua 
areas  were  patented  when  the  ground  was  in  no  respect  mineral.  At 
present  time,  in  some  parts  of  the  country,  pubUc  business  is  serioi 
interfered  with  by  unscrupulous  locators  of  ground  under  the  min 
laws.  While  the  Government  is  now  embarrassed  by  these  hold 
locations  (the  mining  industry  at  large  has  no  idea  how  great  the  num 
is),  the  main  expense  is  the  examination  of.  such  claims  and  the  de 
caused  by  them.  If,  by  amending  the  present  laws,  valid  locations  ( 
be  made  anywherie  on  Government  land  without  mineral  discovery, 
Government  or  other  activity  on  pubUc  land  will  be  safe  from  extort 
and  blackmail.  Conditions  are  bad  enough  now.  For  instance,  in  so 
localities,  as  soon  as  a  body  of  Government  timber  is  advertised  for  sale, 
timbered  area  and  ground  over  which  the  logs  are  to  be  moved  to  mar 
is  promptly  located  as  mining  claims,  or  old  claims  are  revived,  and  hei 
demands  made  for  the  use  of  the  surface  of  the  ground.  If,  by  li 
claims  of  this  sort  can  be  made  valid,  it  will  give  unscrupulous  individu 
a  monopoly  of  the  surface  and  prevent  legitimate  business  over  la 
areas.  The  owner  of  a  single  valid  mining  claim  crossing  a  right-of-^ 
of  a  logging  road  could  exact  a  sum,  for  the  privilege  of  crossing 
ground,  large  enough  to  take  all  the  profit  from  the  logging  operatic 
As  the  cost  of  operation  is  directly  related  to  what  an  operator  can  i 
for  the  timber,  the  Government  has  a  direct  interest  in  all  such  cai 
It  has  been  repeatedly  held  by  the  courts  that  a  valid  location  he 
against  the  Government,  even  if  abandoned  for  years.  I  know  of  ar 
from  which  the  Government  was  contemplating  selling  the  timber  t 
on  which  there  were  as  high  as  100  abandoned  mining  locations, 
such  cases,  if  these  locations  had  been  valid  without  a  mineral  discov( 
the  locators  on  reasserting  their  rights  to  the  ground  as  soon  as  they  foi 
the  timber  was  valuable  could  have  kept  the  Government  from  sel] 
it.  There  is  hardly  a  stream  course  or  canyon  in  many  parts  of  theVii 
that  has  not  been  at  some  time  plastered  with  locations. 

Even  if  valid  locations  could  be  made  without  a  mineral  discov 
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only  on  lands  classified  as  mineral,  it  would  still  aflfect  the  Government, 
for  there  are  bodies  of  white  pine,  which  are  advertised  for  sale  from  time 
to  time,  on  lands  in  National  Forests  which  have  been  classified  as  mineral 
but  not  covered  by  mining  locations. 

It  has  been  said  that  one  must  actually  make  a  discovery  of  mineral 
on  land  within  National  Forests  before  he  is  allowed  possession  or  allowed 
to  prospect  it.  Such  is  not  the  case,  however.  A  prospector  or  miner  is 
in  no  way  disturbed  by  Government  agents  in  the  enjoyment  of  his  rights 
within  National  Forests.  No  examination  is  made  of  any  ground  located 
for  mining  purposes  unless  it  interferes  with  the  administration  of  the 
Forest.  A  claim  may  interfere  with  the  administration  of  the  Forest 
when  it  conflicts  with  areas  occupied  by  individuals  under  what  are  known 
as  Special  Use  Permits;  when  it  is  included  within  a  tract  from  which  the 
Government  has  sold  the  timber;  or  where  the  claim  is  so  located  as  to 
control  rights  of  way  over  which  it  is  necessary  to  transport  Forest  prod- 
ucts. Unless  the  claims  are  actually  interfering  with  the  administration 
of  the  Forests,  no  examinations  are  undertaken  until  applications  for 
patent  are  made.  The  proportion  of  mining  claims  examined  prior  to 
application  for  patent  is  very  small,  probably  less  than  1  per  cent,  of  the 
total  number  located.  There  are  thousands  of  mineral  locations  within 
the  National  Forests  of  which  no  examination  has  been  made  by  the 
Forest  Service,  and  in  all  probability  never  will  be  except  in  cases  where 
application  for  patent  is  made. 

Mining  locations  within  the  National  Forests  which,  after  an  examina- 
tion by  a  competent  man,  are  shown  to  be  clearly  invalid,  may  be  disre- 
garded as  far  as  the  surface  is  concerned,  but  no  action  is  taken  to  dis- 
possess the  locator  of  the  ground  and  no  objection  whatever  is  made  to 
his  development  of  the  mineral  possibilities.  In  fact,  the  Assistant 
Secretary  of  the  Interior  has  decided  (Nichols-Smith  case,  unreported) 
that  the  Department  has  no  jurisdiction  over  locations  and  has  authority 
to  cancel  a  claim  only  after  an  application  for  patent  has  been  made. 
This  decision,  however,  is  now  before  the  Secretary  for  consideration  on 
motion  for  the  exercise  by  him  of  his  supervisory  authority. 

The  fact  that  the  Government  has  placed  a  large  part  of  its  domain 
within  the  National  Forests  shows  that  this  land  is  valuable  to  the 
Government  for  the  benefit  of  the  people  at  large.  This  fact  alone  is  an 
argument  from  the  people's  standpoint  that  the  requirements  for  patent- 
ing Government  land  by  individuals,  at  least  within  the  Forests,  should 
not  be  made  easier. 

I  believe  that,  while  sometimes  the  law  requiring  a  discovery  before  a 
valid  location  can  be  made  has  worked  hardships  on  prospectors,  the 
wrong  that  could  be  worked  under  a  law  not  requiring  a  discovery  would 
be  far  greater. 

Under  the  general  mining  laws,  lands  are  not  required  to  be  chiefly 
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valuable  for  mineral  before  they  can  be  entered.  The  Supreme  Cour 
of  the  United  States  has  held  in  U.  S.  vs.  Iron  Silver  Mining  Co.  (121 
U.  S.  673)  that  the  fact  that  land  may  incidentally  possess  advantage 
other  than  its  valuable  mineral  deposits  will  not  preclude  its  dispositioi 
under  the  mining  laws. 

An  act  of  Congress  of  Aug.  4,  1892  (24  Stat.,  348)  provided: 

"That  any  person  authorized  to  enter  lands  under  the  mining  laws  of  the  Unit© 
States  may  enter  lands  that  are  chiefly  valuable  for  building  stone  under  the  provi 
sions  of  the  law  in  relation  to  placer  mineral  claims." 

The  point  of  difference  between  this  act  and  the  general  mining  law  appli 
cable  to  mineral  deposits  is  that  the  Act  of  1892  requires  the  land  to  b 
chiefly  valuable  for  building  stone. 

Power  or  reservoir  sites  situate^  on  land  containing  no  evidence  o 
mineral  deposits  have  been  entered  as  stone  placers,  but  the  application 
for  patent  have  been  rejected  by  the  General  Land  Oflice.  If  vaU< 
mineral  locations  could  be  made  on  such  lands  without  a  mineral  dis 
covery,  the  land  could  be  patented  as  mining  claims. 

If  patent  were  allowed  for  Government  ground  as  mining  claims  with 
out  a  mineral  discovery  there  would  be  very  few,  if  any,  power  project 
free  for  development  at  the  present  time,  for  the  ground  would  be  vaUdl] 
held  or  patented  as  mining  claims.  Most  of  the  undeveloped  availabli 
power  sites  on  public  lands  have  been  included  in  power  withdrawals  oi 
National  Forests.  The  ground  is,  therefore,  not  subject  to  entry  excep 
as  mineral  locations,  and  the  only  way  to  get  a  patent  to  such  groimd  i 
under  the  mining  laws.  Nearly  all  power  projects  in  the  Northwest 
where  there  is  any  possibility  of  early  development,  are  on  ground  covere< 
by  mining  locations.  In  some  cases  the  mining  claims  are  valid  unde 
the  present  law,  but  the  majority  have  no  mineral  discovery.  If  the  la\ 
were  changed  concerning  mineral  discoveries,  there  would  be  little  nei 
development  of  hydro-electric  power  without  paying  tribute  to  the  kiin 
of  prospectors  who  had  the  foresight  to  locate  mining  claims  covering  th 
ground.  Also  Federal  control,  due  to  an  interest  in  the  site,  could  b 
circumvented  by  first  obtaining  patent  as  mining  claims  to  all  the  Ian 
affected.  In  the  Northwest  there  is  a  power  project  capable  of  develop 
ing  20,600  hp.  One-half  of  the  land  affected  by  the  project  is  within 
National  Forest,  and  therefore  the  Government  under  the  present  pre 
cedure  exercises  control  over  the  development  of  the  site.  The  pow< 
would  be  developed  under  a  Special  Use  Permit  issued  by  the  Goveri 
ment,  which  requires  certain  conditions  to  be  complied  with.  All  i 
the  public  land  has  been  located  as  placer  mining  claims,  and  if  the  dain 
were  valid  the  Government  under  the  present  law  would  have  no  contri 
whatever  over  the  development  of  the  power.  In  1913,  a  permit  W4 
issued  to  a  company  to  develop  the  power,  but  for  some  reason  it  was  n4 
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able  to  go  ahead  with  the  project.  This  company,  however,  acquired 
the  mining  locations,  and  if  the  claims  could  be  patented  the  owners 
could  prevent  anyone  else  from  developing  the  power  site.  Flour  gold 
is  found  in  gravel  on  all  of  these  claims,  but  nowhere  in  paying  quantities. 
Another  project  with  which  I  am  familiar  is  capable  of  developing 
331,000  hp.  by  using  storage,  or  178,000  hp.  by  utilizing  only  the  minimum 
flow  of  the  river.  The  lower  12  miles  of  this  project,  which  is  capable 
of  developing  260,000  hp.  by  storage,  or  140,000  hp.  without,  is  entirely 
covered  by  mining  locations.  The  area  is  within  a  mining  district  and 
would  probably  be  classified  as  mineral,  but  only  a  few  of  the  locations 
have  mineral  discoveries.  One  side  of  the  river  is  within  a  power  with- 
drawal, and  the  other  within  a  National  Forest.  In  this  case,  as  in  the 
other,  a  permit  was  granted  to  develop  the  project,  but  it  has  not  been 
done.  The  permittee  has  acquired  the  mining  claims  and  he  controls 
the  site  in  so  far  as  his  mining  claims  are  valid.  If  all  these  mining 
claims  were  valid  without  mineral  discoveries,  they  could  be  patented  and 
the  Government  would  lose  control  of  the  project. 

On  Matrch  1,  1906,  Windfield  Doern  and  two  others  located  the 
Eagle  placer  mining  claims,  alleged  to  be  chiefly  valuable  for  building 
stone,  on  the  Stanislaus  National  Forest  in  Calif omia  (41  L.D.  655-659). 
On  Oct.  25,  1907,  the  claim  was  conveyed  to  the  Stanislaus  Electric 
Power  Co.,  who  filed  application  for  patent  on  April  5,  1908.  The  entry 
was  contested  by  the  Government.  Stone  was  used  from  the  claim  in 
the  construction  of  a  dam  on  the  claim,  from  which  water  was  conveyed 
to  a  plant  15  miles  below,  where  power  was  generated.  It  was  proposed 
to  build  a  second  plant  on  the  claim  and  bring  water  in  a  conduit  from 
above.  The  patent  was  denied  by  the  General  Land  Office,  as  it  was 
shown  at  a  hearing  that  the  stone  had  no  value  outside  of  the  construc- 
tion of  the  dam,  and  for  that  purpose  had  no  special  value.  The  land, 
however,  had  value  as  a  power  site. 

On  Jan.  2,  1907,  H.  V.  Gates  made  application  for  patent  under  Act 
of  Aug.  4,  1892,  for  the  Excelsior  placer,  area  140  acres,  in  northern 
Califomia.  The  patent  was  protested  by  the  Northern  California  Power 
Co.  At  a  hearing,  it  was  disclosed  that  the  ground  contained  a  deposit 
of  basalt  that  had  only  a  local  use  for  building  stone,  such  as  the  con- 
struction of  a  power  dam,  and  was  not  as  suitable  for  that  purpose  as 
other  common  rock.  The  claim  covered  a  reservoir  and  tunnel  site,  and 
the  claimant  had  a  permit  from  the  Forest  Service  to  use  a  part  of  the 
claim  for  power  purposes.  The  General  Land  Office  held  that  the  claim 
was  more  valuable  for  power  than  for  building  stone,  and  the  entry  was 
canceled. 

On  a  river  in  a  western  State  is  situated  a  power  site  capable  of  develop- 
ing 2,490  hp.  The  dam  site  is  covered  by  an  unpatented  lode  claim,  and 
above  the  falls  are  situated  four  patented  lode  claims  along  the  river  in 
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a  row.  Each  of  the  four  patented  claims  contains  a  valid  mineral  dis- 
covery, but  no  ore.  Before  proceeding  to  patent,  the  claimants  received 
$5,000  from  a  power  company  for  the  privilege  of  flooding  their  ground. 

Perhaps  more  fradulent  mining  locations  have  been  made  to  acquire 
valuable  timber  than  for  any  other  purpose  on  non-mineral  land.  If  the 
mineral-discovery  requirement  is  repealed,  large  timber  steals  which 
have  been  prevented  in  the  past  will  be  successful.  Many  applications 
for  timbered  mining  claims  have  been  canceled  after  the  Government 
has  shown  that  no  mineral  discoveries  have  been  made.  It  would  not 
be  possible  to  defeat  such  cases  if  the  proposed  change  of  the  law  is  made. 

Timber  on  patented  mining  claims  can  be  disposed  of  by  the  owner 
as  he  sees  fit.  Timber  on  valid  unpatented  mining  claims  on  proven 
mineral  land  outside  of  National  Forests  can  be  cut  for  certain  described 
purposes  as  approved  by  Congress  by  Act  of  June  3,  1878  (20  Stat.,  88). 
Timber,  however,  on  an  unpatented  mining  claim  within  the  National 
Forests  cannot  be  cut  for  any  purpose  other  than  the  development  of 
the  claim,  except  by  Special  Use  Permit  or  purchase  from  the  Government. 

It  has  been  a  common  practice  in  some  locaUties  to  locate  mining 
claims  on  non-mineral  timbered  areas  to  give  color  of  title  to  the  ground 
while  cutting  the  timber.  Numerous  suits  have  been  instituted  by  the 
Government  to  recover  the  value  of  timber  cut  from  such  invaUd  claims. 

In  the  case  of  Anderson  vs.  United  States  (152  Fed.,  89  to  91),  Ander- 
son, Baker  and  SandUn  located  as  placer  claims  1,200  acres  of  non- 
mineral  Government  land  in  the  Boise  land  district,  Idaho,  from  which 
was  cut  timber  worth  117,751.79.  Suit  was  brought  by  the  Government 
to  recover  the  value  of  the  timber,  and  it  was  successful. 

In  the  case  of  Powers  vs.  United  States  (119  Fed.,  562),  the  Govern- 
ment brought  suit  to  recover  the  value  of  668,000  ft.  b.  m.  of  timber j 
worth  $7,241,  which  was  cut  from  non-mineral  Government  ground.  The 
ground  was  covered  by  mining  locations  made  by  a  third  party. 

About  10  years  ago,  a  company  applied  for  patent  for  3,636.99  acres 
of  Government  land  as  placer  claims.  The  magnitude  of  the  case  cause<j 
examination  to  be  made  by  the  General  Land  Office,  and  it  was  found  that 
on  one  claim  there  was  a  small  worked-out  placer  deposit  of  gold.  There 
was  no  possibility  of  gold  occurring  in  paying  quantities  on  the  rest  oi 
the  group,  although  fine  colors  could  be  found  almost  anywhere  in  th< 
country.  This  land  contained  an  average  stand  of  15,000  ft.  b.  m.  o 
white  pine  and  other  varieties  to  the  acre,  or  about  a  total  of  60,000,OO( 
ft.  b.  m.  on  the  group.  The  claims  were  continuous,  but  excluded  an< 
almost  surrounded  a  small  area  from  which  the  timber  had  been  burned 
The  entry  was  protested  by  the  Government  and  at  a  hearing  held  U 
determine  the  validity  of  the  group,  the  claimants  defaulted,  thereby 
admitting  the  truth  of  the  charges.  The  entry  was  finally  canceled  oi 
Jan.  28,  1910.     At  this  time,  unpatented  fraudulent  placer  claims  wer< 
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being  held  in  this  district  which  contained  a  stand  of  between  200  and 
300  million  feet  of  timber.  During  the  summer  of  1910,  forest  fires  that 
destroyed  the  timber  swept  over  this  country,  after  which  all  of  the  timber- 
mining  locations  were  abandoned. 

In  1913,  application  was  made  for  two  groups  of  claims  in  Idaho. 
No  mineral  had  been  found  on  four  of  the  claims  of  the  group  which 
contained  a  heavy  stand  of  white  pine  worth  $3,800.  After  a  hearing, 
the  entry  was  held  for  cancellation  by  the  Commissioner  of  the  General 
Land  Office. 

In  1912,  application  was  made  for  two  claims  in  the  Coeur  d'Alene 
district,  Idaho.  This  entry  was  also  held  for  cancellation  by  the  Com- 
missioner of  the  General  Land  Office,  after  a  hearing.  These  claims 
were  completely  surrounded  by  patented  placer  claims,  but  were  situ- 
ated on  a  small  mountain.  The  ground  was  covered  by  a  stand  of 
white  pine  having  a  stumpage  value  of  $3,478.  One  of  the  claimants 
was  interested  in  a  saw  mill  situated  near  the  claims. 

Along  in  1906,  a  mining  company  (long  since  defunct)  did  consider- 
able development  work  on  lode  locations  in  western  Montana,  and 
located  a  large  number  of  claims.     The  company  failed  to  fijid  any  ore, 
and  went  out  of  existence.    The  first  year  after  the  company  abandoned 
the  ground,  it  was  located  by  a  man  who  did  no  more  work  on  it.    He 
relocated  some  of  the  claims  for  several  years,  but  when  no  one  else  showed 
any  desire  to  obtain  the  ground,  he  also  abandoned  it.    In  1914,  a  lumber 
company  secured  timber  on  the  river  above  these  claims.    After  the 
lumber  company  cleared  its  right-of-way,  the  mineral  locator  came  along, 
saw  the  situation  and  immediately  reasserted  his  right  to  some  of  the 
ground  that  controlled  the  right-of-way.    He  demanded  an  excessive 
sum  for  the  privilege  of  crossing  his  ground.    His  demands  were  re- 
fused and  logging  operations  shut  down  for  about  a  year.    An  examina- 
tion of  the  mining  claims  was  made  by  a  mining  engineer  and  it  was 
found  that  the  claims  were  invalid  because  no  mineral  had  been  dis- 
covered upon  them.    After  a  year's  delay,  the  company  constructed 
the  logging  road  and  commenced  operations  without  any  further  trouble 
and  without  paying  tribute  to  the  locator.     If  these  locations  were  valid 
without  mineral  discoveries,  the  logging  operations  could  have  been  held 
up  indefinitely  unless  the  excessive  demands  of  the  locator  were  met. 
The  claims  are  in  a  general  mineral  belt. 

If  valid  locations  of  lode  claims  can  be  made  in  the  future  without  a 
mineral  discovery,  many  town  sites  are  going  to  be  held  as  mining  claims. 
The  following  case  is  now  before  the  Land  Department  for  settlement. 
In  1909,  a  lode  claim  was  located  in  such  a  manner  as  to  take  in  all  of 
the  level  portion  of  the  canyon  at  the  division  point  of  a  new  railroad 
in  Idaho.  On  June  27,  1913,  application  for  patent  was  made.  The 
section  in  which  the  claiai  is  situated  has  been  classified  by  the  United 
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States  Geological  Survey  as  non-mineral,  and  the  land  is  in  the  Northei 
Pacific  grant.  The  railroad  has  a  station  and  some  dwelling  houses  c 
the  ground  and  part  of  the  claim  is  also  claimed  by  the  heirs  of  a  homi 
steader.  If  the  mineral  locator  can  prove  a  valid  discovery  on  the  clain 
he  is  entitled  to  the  ground.  The  railroad  began  operating  about  tl 
time  the  claim  was  located.  Practically  a  whole  town,  with  a  populj 
tion  of  several  hundred,  is  on  the  mining  claim,  and  there  is  no  doul 
that  the  ground  is  more  valuable  for  townnsite  purposes  than  for  an; 
thing  else.  A  large  diabase  dike,  in  which  can  be  found  traces  of  coppe 
runs  through  the  claim,  but  there  is  no  indication  that  paying  ore  w 
ever  be  found  upon  it.  Sufficient  development  work  has  been  perf orme 
If  no  discovery  of  mineral  is  going  to  be  required,  many  similar  cases  mi 
be  exjpected  in  the  future. 

The  repeal  of  the  mineral-discovery  requirement  would  open  tl 
doors  for  blackmail  of  all  irrigation  companies  situated  like  the  one  i 
the  following  case,  even  when  there  is  not  a  trace  of  mineral  on  tl 
land.  In  1910,  an  application  for  patent  was  made  for  a  placer  situate 
in  a  small  park  in  western  Montana.  Previous  to  the  mineral  applici 
tion,  an  application  was  made  to  the  Secretary  of  the  Interior  for  the  ui 
of  the  park  for  a  storage-reservoir  site,  for  which  purpose  the  ground 
well  adapted.  It  was  proposed  to  impound  water  during  the  wint< 
months  and  high-water  periods,  to  be  used  for  reclaiming  about  3,0C 
acres  of  arid  land.  The  reservoir  permit  was  approved  by  the  Secretar 
but  construction  has  not  been  begun  on  account  of  the  placer  claii 
The  Commissioner  of  the  General  Land  Office  decided  that  sufficiei 
mineral  to  constitute  a  discovery  had  not  been  made  upon  the  claim  ar 
it  is  now  before  the  Secretary  of  the  Interior  on  appeal.  The  park 
an  old  lake  bottom  and  contains  sand,  clay  and  gravel  to  an  undetermiiM 
depth.  This  material  all  contains  minute  quantities  of  gold,  but  in  i 
place,  as  far  as  developed,  in  pajdng  quantities.  No  serious  effort  h 
been  made  to  mine  the  gravel,  and  for  the  last  20  years  the  ground  h 
been  used  by  the  claimant  as  a  ranch.  If  it  is  finally  decided  that  tl 
claim  contains  sufficient  mineral  for  a  discovery,  the  mineral  claima 
will  be  legally  entitled  to  the  land,  and,  before  the  irrigation  system  ci 
be  commenced,  the  land  will  either  have  to  be  obtained  from  him  1 
purchase  or  by  condemnation  proceedings. 

Throughout  the  country,  attempts  have  been  made  to  obtain  poesc 
sion  of  numerous  springs,  mineral  or  otherwise,  by  taking  up  the  groui 
as  mining  claims.  On  Aug.  26,  1886,  the  Margaret  Mining  Co.  ma 
application  for  the  Gray  Eagle  Lode  mining  claim  (11  L.  D.,  p.  563) 
King  County,  Washington.  This  claim  embraced  some  springs  known 
the  Hot  Springs  of  Green  River  which  were  supposed  to  have  gre 
medicinal  value.  The  entry  was  canceled  by  the  Land  Office  because 
was  shown  at  a  hearing  that  the  land  had  no  value  for  mineral  but  w 


Digitized  by 


Google 


E.   D.    GARDNEB  1705 

used  for  a  health  resort,  and  that  the  minmg  company  was  formed  to 
acquire  title  to  the  Hot  Springs. 

By  the  Act  of  Jan.  31,  1901  (31  Stat.,  745)  Congress  provided  that 
''all  unoccupied  public  lands  of  the  United  States  containing  salt  springs 
or  deposits  of  salt  in  any  form  and  chiefly  valuable  therefor  are  hereby 
declared  to  be  subject  to  location  and  purchase  under  the  provisions  of  the 
law  relating  to  placer  mining  claims."  Under  this  Act  many  mineral 
springs  having  no  value  whatever  for  salt,  but  having  supposedly  medici- 
nal properties,  have  been  located  as  placer  claims. 

On  March  20,  1905,  Henry  Lovely  made  application  for  patent  for 
the  Lovely  placer  claim  in  the  Juneau  land  district  in  Alaska.  It  was 
shown  at  a  hearing  that  the  ground  was  used  as  a  health  resort  and  water 
from  two  springs  was  conducted  to  bath  houses,  the  cost  of  this  being 
applied  as  mining  improvements.  It  was  also  shown  that  the  ground 
was  not  mineral  or  saline  in  character.  The  claim  was  canceled  Feb.  13, 
1907,  by  the  General  Land  Office  (25  L.  D.,  426). 

By  decision  of  April  14,  1913,  the  Secretary  of  the  Interior  held  that 
the  Salt  Creek  placer  claims  were  invalid  (21  L.  D.,  745).  These  claims 
were  located  in  February,  1911,  under  the  Act  of  Jan.  31,  1901,  so  as  to 
cover  a  group  of  hot  springs  whose  waters  carried  in  solution  common 
salt,  Epsom  salts  and  Glaubers  salts  and  other  chemical  substances.  As 
compared  to  sea  water,  the  waters  of  these  springs  were  shown  to  contain 
about  one-eighth  as  much  common  salt.  It  was  held  by  the  Secretary 
of  the  Interior,  from  facts  determined  at  a  hearing,  that  the  groimd  had 
no  value  for  the  manufacture  of  common  salt,  but  possessed  distinct 
curative  properties. 

Li  central  Montana  is  situated  a  mineral  spring  known  as  the  Appol- 
lonans.  The  ground  at  the  small  side  gulch  on  which  the  spring  is  situ- 
ated was  located  as  a  stone  placer  and  the  adjoining  ground  on  the  main 
creek  as  gold  placers.  No  discovery  of  gold  had  been  made  on  the  gold 
placers,  and  the  limestone  on  the  stone  placer  was  not  valuable  on  account 
of  its  poor  quaUty  and  the  distance  from  any  market  or  railroad.  This 
spring  has  a  local  reputation  for  medicinal  properties  and  Special  Use 
Permits  for  erecting  bottling  works  and  hotel  buildings  on  the  area  was 
desired  by  several  people.  The  development  of  the  spring  was  held  up 
for  5  years,  but  finally  the  men  holding  the  mining  claims  decided  that 
they  could  not  patent  the  ground  and  abandoned  it.  The  spring  is  now 
being  developed. 

The  abrogation  of  the  mineral-discovery  requirement  would  greatly 
facilitate  such  fraudulent  attempts  to  obtain  ground  desired  for  purposes 
other  than  mining. 

At  niunerous  points  desirable  for  siunmer  residences  on  the  shore  of 
Lake  Pend  Oreille,  mining  locations  have  been  posted,  and  in  many  cases 
there  has  been  a  pretense  of  doing  the  annual  assessment  work.    In  a 
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few  cases,  application  for  patent  has  been  made.  On  some  of  these  claims 
sufficient  mineral  has  been  found  to  constitute  a  mineral  discovery,  but 
in  the  majority  of  cases  no  mineral  has  been  found. 

The  Frances  Placer,  consisting  of  20  acres  on  a  bar  on  the  Clearwater 
River  in  central  Idaho,  was  applied  for  under  the  mining  laws.  The  claim- 
ant had  farmed  the  land  for  at  least  10  years  previous  to  making  appli- 
cation. The  mineral  entry  was  contested  and  canceled  in  1912,  and  the 
land  was  later  taken  as  a  homestead. 

Mining  claims  have  been  patented,  and  others  are  being  held  as  loca- 
tions, on  favorably  located  scenic  points  along  the  rim  of  the  Grand 
Canyon  of  the  Colorado.  Two  lode  claims  also  have  been  patented  which 
cross  the  Bright  Angel  Trail.  Tourists  who  have  gone  down  this  trail 
and  paid  their  dollar  each  to  the  owner  of  the  lode  claims  can  realize  his 
farsightedness  in  finding  his  mine  just  in  this  particular  location.  It  is 
of  interest  to  note  that  no  mineral  commercially  valuable  has  been  found 
on  any  of  these  claims. 

On  the  public  domain  there  are  numerous  conflicts  of  mineral  claims 
with  homesteads.  In  all  contests,  the  burden  of  proof  is  on  the  home- 
steader, as  he  has  to  prove  the  land  non-mineral  in  character.  If  valid 
locations  can  be  made  without  the  necessity  of  a  mineral  discover^',  the 
homesteader's  lot  in  mountain  valleys  is  going  to  be  still  harder  to  bear, 
and  the  good  Lord  knoweth  it  is  bad  enough  now. 

If  the  mineral-discovery  requirements  for  the  location  of  mining 
claims  is  abrogated,  no  form  of  activity  can  be  safely  undertaken  on 
unpatented  land,  and  it  is  difficult  to  anticipate  the  many  abuses  that 
can  be  perpetrated. 

The  uncertainty  of  ultimate  possession  of  unpatented  land  in  mineral 
belts  could  be  remedied,  I  believe,  by  making  provision  by  law  for  clearing 
title  to  the  ground  against  all  except  the  United  States  at  any  time,  as  is 
now  done  at  the  time  of  application  for  patent.  If,  after  development, 
mineral  is  found,  the  ground  could  then  be  patented. 

Perhaps  the  method  now  used  in  connection  with  homesteads  on  the 
public  domain  could  be  adapted  to  the  making  of  mineral  entries.  In 
the  case  of  homesteads  on  surveyed  land,  an  applicant,  at  the  time  of 
going  on  the  land,  makes  a  filing  in  the  U.  S.  Land  Office,  corresi>onding 
to  the  posting  of  a  location  notice  on  a  mining  claim,  and,  if  no  adverse 
claims  are  proven  and  the  land  is  non-mineral,  his  entry  is  allowed.  This 
excludes  all  other  private  claims  to  the  ground,  and,  after  he  has  complied 
with  certain  prescribed  regulations,  patent  is  issued  to  the  homesteader. 

If  all  men  were  honest,  or  this  country  were  a  Utopia,  it  would  be 
perfectly  feasible  to  repeal  the  law  requiring  the  discovery  of  mineral, 
but,  unfortunately,  such  is  not  the  case.  Under  the  present  law  some 
operators  may  have  been  unjustly  obliged  to  defend  their  rights,  but  it 
has  been  found  that  laws  made  to  restrain  the  unjust  usually  cause  suffer- 
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ing  to  some  of  the  just.  The  repeal  of  this  law  would  afford  relief  to 
some  who  are  acting  in  good  faith,  but  at  the  same  time  it  would  let  down 
the  bars,  allowing  an  unlimited  amount  of  fraud,  and  fostering  blackmail. 
That  the  wrong  appUcation,  if  possible,  would  be  made  of  any  new  mining 
laws,  should  be  expected  from  the  many  frauds  that  have  been  perpetrated 
under  the  present  laws.  By  far  the  greater  number  of  the  mining  claims 
that  have  been  desired  for  purposes  other  than  mining  have  had  no  dis- 
coveries of  mineral.  I  beUeve  that  by  suitable  laws  it  is  quite  possible 
to  ameliorate  the  one  condition  without  aggravating  the  other. 


Digitized  by 


Google 


Digitized  by 


Google 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

(subject  to  bbvisionI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  pr«f«rably  be  pnmnted  in  penon  at  the 
Ariiona  meetins,  September,  1016,  when  an  abetraet  of  the  paper  will  be  read.  If  this  u  impoaBible 
then  ditonaaion  m  writing  mur  be  aent  to  the  Editor,  American  Inatitute  of  Mining  Engineers,  20  West 
89th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  repreaentative  of  ita  author. 
Unleai  apediU  arrangement  ia  made,  the  diaousaion  of  thia  paper  will  close  Nov.  1, 1016.  Any  diaouaaion 
offered  uereafter  ahould  preferably  be  in  the  form  ol  a  new  paper. 


The  Possibility  of  Deep  Sand  Oil  and  Gas  in  the  Appalachian  Geo- 
Syncline  of  West  Virginia 

BT  DAVID  B.   REGKR,*   A.  B.,  B.   8.,   C.    B.,    MORGANTOWN,    W.  YA. 
(Aiiaona  Meeting,  September,  1016) 

Introduction 

The  exhaustion  of  oil  and  gas  in  the  United  States  is  proceeding  at  a 
rapid  pace.  This  is  especially  true  in  fields  where  the  light  oils  that  fur- 
nish the  most  fuel  for  internal-combustion  engines  are  found,  leading  to  a 
late  estimate  by  Arnold  that  the  petroleum  resources  are  36  per  cent, 
exhausted.^  The  further  remark  by  Dr.  David  T.  Day  at  the  New  York 
meeting  of  the  Institute,  in  February,  1916,  that  the  operators  of  the 
country  are  now  scarcely  able  to  supply  the  ever-increasing  demand  for 
gasoline,  leads  the  writer  to  beUeve  that  a  determined  effort  will  soon  be 
made  to  secure  deeper  producing  horizons  in  those  regions  that  now 
furnish  high-grade  oil,  and  in  which  pump  stations  and  pipe  lines  offer 
convenient  means  for  the  economical  handUng  of  new  production.  A 
study  of  Arnold's  table  shows  further  that  the  States  that  produce  paraffin 
oil  exclusively  are  46  per  cent,  exhausted,  this  figure  being  much  higher 
than  the  average  of  paraffin  and  asphalt  States  altogether.  The  most 
extensive  of  all  the  paraffin-oil-producing  areas  is  the  Appalachian  Field, 
extending  with  the  Appalachian  Geo-Syncline  from  western  New  York 
southwestward  through  western  Pennsylvania,  western  West  Virginia, 
Ohio,  Kentucky,  and  Tennessee,  where  oil  of  high  gravity  is  always 
secured.  Of  these  States,  Pennsylvania  and  West  Virginia  rank  highest 
in  the  quality  of  their  product.  In  West  Virginia,  the  oil  sands  dip  to 
a  lower  level  than  in  any  other  locality  in  the  Appalachian  Geo-Syncline, 
the  Pittsburgh  Coal  of  the  Pennsylvanian  being  only  60  ft.  above  sea 
level  along  the  Nineveh  Syncline  at  Wileyville,  Wetzel  County.^  The 
very  significant  fact  that  the  sands  of  the  Mississippian  and  Upper 
Devonian  Measures  furnished  the  richest  oil  pools  of  the  State  along  this 

•  AssiBtant  Greologist,  West  Virginia  Greological  Survey. 

^  Ralph  Arnold:  Petroleum  Resources  of  the  United  States,  Economic  Geology ^ 
voL  10,  p.  710  (December,  1916). 

*Bay  V.  Hennen:  Marshall-Wetzel-Tyler  Report,  West  Virginia  Geological 
Sttrtfey,  p.  66.     1909. 
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deep  basin,  most  of  them  being  non-water-bearing,  should  give  pertineni 
to  such  information  as  may  be  obtained  regarding  deeper  sands  in  tt 
region,  in  which  there  may  be  a  possible  duplication  of  conditions  in  t 
more  shallow  sands. 

Authority  for  Data 

Information  has  been  secured  primarily  from  the  published  repoi 
of  the  Geological  Surveys  of  West  Virginia,  Ohio,  Pennsylvania,  ai 
Kentucky,  supplemented  by  various  special  reports  and  maps  of  t 
United  States  Geological  Survey.  The  southwestward  extension  of  t 
Chestnut  Ridge  (Warfield,  Campton)  Anticline  through  Kentucky  h 
been  made  on  the  authority  of  a  recent  publication  by  James  H.  Gardne 
Several  important  well  records  used  have  never  been  previously  publishe 
having  been  lately  secured  by  the  West  Virginia  Geological  Survey.  D 
credit  has  been  given  in  the  table  of  well  records  to  the  operators  w 
furnished  the  various  logs,  in  all  cases  where  this  information  is  availab 
Special  acknowledgment  is  made  to  Dr.  I.  C.  White,  State  Geologist 
West  Virginia,  for  many  valuable  suggestions  from  his  extensive  kno\ 
edge  of  the  region  under  discussion. 

Description  of  the  Appalachian  Geo-Syncline 

The  Appalachian  Geo-Syncline,  lying  west  of  the  Appalachian  Mou 
tain  System,  and  being  roughly  parallel  to  it,  extends  in  a  south-sou< 
westward  direction  from  New  York  State  through  Pennsylvania,  W( 
Virginia,  Kentucky,  Tennessee,  and  Alabama.  As  partially  shown 
Plate  1  (in  those  regions  where  detailed  structure  maps  are  available) 
has  a  course  almost  straight  through  Pennsylvania  from  Brookville,  ^ 
Kittanning,  Pittsburgh,  and  Washington,  to  the  southwestern  corner 
the  State  where  it  enters  West  Virginia  and  extends  southwestward  acre 
Wetzel,  Tyler,  and  into  Ritchie,  where  the  Burning  Springs  Anticli 
cuts  diagonally  across  it  shifting  the  line  of  its  axis  nearly  20  miles  farth 
west,  to  a  point  near  Parkersburg.  From  this  point  its  course  is  rough 
southwest  through  Wood,  Jackson,  Mason,  Cabell,  and  Wayne  Counti( 
to  the  Kentucky  State  line  7  miles  south  of  Catlettsburg.  Its  coui 
through  Kentucky  is  apparently  interrupted  by  the  Chestnut  Rid 
(Campton)  Anticline  which  cuts  across  it,  separating  it  from  its  southe 
extension. 

Geology  of  the  Appalachian  Basin 

The  surface  geology  along  the  axis  of  the  Appalachian  Basin  is  pri 
cipally  that  of  the  Coal  Measures,  but  at  the  eastern  rim  these  rocks  ri 

'James  H.  Gardner:  A  Stratigraphic  Disturbance  through  the  Ohio  Vall< 
Running  from  the  Appalachian  Plateau  in  Pennsylvania  to  the  Ozark  Mountains 
Missouri.  Bulletin  of  the  Geological  Society  of  America^  vol.  26,  pp.  477-483  (Decern  1 
4,  1915). 
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rapidly  toward  the  Allegheny  and  other  mountain  ranges  of  the  Appa- 
lachian System  until  they  disappear  above  the  tops  and  the  rocks  of  the 


Plate.  1. — Outline  Map  Showing  Anticlines  and  Main  Oil  and  Gas  Fields 
Near  the  Appalachian  Basin. 


Devonian,  Silurian  and  lower  formations  come  to  the  surface,  the  pitch 
in  this  region  being  abrupt  and  irregular.  On  the  western  side  of  the 
axis  the  measures  rise  gradually  toward  the  Cincinnati  Anticline,  showing 
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none  of  the  spectacular  structural  disturbances  visible  on  the  east. 
Northeastward  from  West  Virginia,  through  Pennsylvania,  the  strata 
rise  gradually  along  the  axis  of  the  basin,  but  the  Pennsylvanian  still  forms 
the  surface  rocks  at  the  New  York  State  line,  near  Olean.  Southwest- 
ward  from  West  Virginia  through  Kentucky,  the  rocks  rise  along  the  axis 
but  very  gradually,  so  that  the  Pennsylvanian  stiU  makes  the  surface 
deposits  at  the  Tennessee  line. 

Plate  2  shows  a  columnar  section  made  for  the  locality  of  Marion 
Harrison,  Wetzel,  and  western  Monongahela  Counties,  West  Virginia 
where  the  rocks  of  the  Appalachian  Basin  dip  to  their  lowest  level,  anc 
where  the  oil  reservoirs  of  the  State  are  the  most  prolific.  In  this  regioi 
the  surface  rocks  are  principally  the.  transitional  Permo-Carboniferoui 
type  represented  by  the  Dunkard  Series.  Throughout  this  region 
numerous  drillings  are  available  that  extend  to  the  base  of  the  Catskil 
Series,  leaving  no  uncertainty  as  to  the  character  of  the  sediments  dowi 
to  this  level.  Below  the  Catskill,  the  section  is  based  on  the  deep  welL 
drilled  in  Pennsylvania  (Nos.  41  and  42  on  Plate  1)  and  on  numeroui 
drillings  in  Morgan,  Muskingum,  and  other  Counties  in  Ohio  where  th< 
Devonian  shales  have  less  thickness  than  in  southern  Pennsylvania 
and  on  the  fairly  well-known  thickness  and  character  of  these  Devoniai 
and  Ordovician  beds  in  the  Alleghany  Mountain  region  of  West  Virginia 
farther  east  where  these  measures  outcrop.  This  surroimding  informa 
tion  makes  the  portion  of  the  section  below  the  Catskill  more  than  hypo 
thetical,  the  probability  being  that  the  intervab  shown  are  fairly  gooc 
while  some  of  the  individual  formations  may  be  locally  absent. 

Dunkard  Series. — The  Dunkard  Series,  composed  of  1,150  ft.  of  sandy 
red,  and  variegated  shales,  gray  sandstones,  with  a  few  thin  coals  anc 
limestones,  is  barren  of  oil  and  gas  in  this  region  and  the  lower  300  U 
400  ft.  of  the  series  found  below  the  main  drainage  channels  must  b< 
drilled  through  without  result. 

Monongahela  Series, — ^The  Monongahela  Series,  composed  of  400  ft 
of  gray  sandstones,  gray  shales,  limestones  and  coal  beds,  is  also  prac 
tically  barren  of  oil  and  gas,  and  is  encountered  by  the  drill  everywher 
along  the  deeper  part  of  the  basin.  At  its  base  is  the  great  Pittsburg] 
Coal  bed  used  widely  as  a  key  rock  by  the  drillers  of  Pennsylvania  an< 
West  Virginia. 

Conemaugh  Series. — The  Conemaugh  Series,  comprising  500  to  600  f  i 
of  gray  sandstones,  red  and  sandy  shales  and  a  few  coals  and  limestone 
contains  the  Little  Dimkard  sand  in  the  lower  portion  and  the  Big  Dunkaj 
at  its  base,  both  of  which  have  produced  oil  at  several  localities  in  the  Stat 

Allegheny  Series. — The  Allegheny  Series,  250  ft.  thick  and  compoec 
of  gray  sandstones,  gray  shales  and  having  a  few  coals  and  thin  limestoiac 
contains  the  Burning  Springs  and  Gas  sands,  that  produce  oil  in  gre 
quantity  along  the  Burning  Springs  Anticline. 
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COLUMNAR  SECTION  FOR  CENTER  OF  WEST  VIRGINIA  OIL  FIELDS 

( Marion  and  Sooroundins  Counties) 

Vertical  Scale:        yu  =  1000  Ft. 
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Plate  2.— Columnab  Sbction  fob  Cbntbb^of  West  Viboinia  Oil  Fields 
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Pottsville  Series. — The  Pottsville  Series,  composed  of  gray  conglon 
eratic  sandstones,  gray  shales,  and  having  numerous  coal  beds,  varies  i 
thickness  from  about  200  ft.  in  the  northern  panhandle  to  nearly  4,0( 
ft.  at  the  southern  end  next  to  Virginia.  Along  the  axis  of  the  Appi 
lachian  Basin,  its  thickness  at  the  Pennsylvania  line  is  about  250  ft 
and  this  increases  gradually  to  nearly  1,000  ft.  at  the  Kentucky  lin 
Oil  is  often  found  in  several  of  its  sands,  the  upper  one  being  called  tl 
Second  Cow  Run,  and  the  lower  ones  being  usually  termed  the  Firs 
Second,  and  Third  Salt  sands.  Copious  flows  of  salt  water  are  usual 
found  in  one  or  more  of  these  horizons,  giving  rise  to  their  names. 

Mauch  Chunk  Series. — The  Mauch  Chunk  Series,  composed  main 
of  red  and  green  shales,  with  a  few  flaggy  green  fine-grained  sandston 
and  impure  limestones,  varies  in  thickness  from  only  a  few  feet  in  son 
of  the  western  counties  to  about  3,500  ft.  in  Summers  and  Mercer.  Aloi 
the  oil  belt  it  is  usually  about  250  ft.  thick,  with  the  Maxton  oil  and  g 
sand  near  the  base. 

Greenbrier  Limestone. — The  Greenbrier  limestone,  usually  a  solid  ma 
of  hard  limestone,  varies  in  thickness  from  50  ft.  in  the  northern  pa 
handle  to  1,500  ft.  in  Greenbrier  and  other  southern  Counties.  Along  tl 
Appalachian  Basin,  it  averages  about  100  ft.  and  is  known  as  tl 
"Big  Lime,"  and  is  the  most  dependable  key  rock  below  the  Pittsburi 
Coal,  as  the  intervals  from  it  to  the  lower  sands  are  fairly  constant  ov 
wide  areas.  It  is  seldom  a  producing  horizon  but  makes  some  oil  and  g 
from  sandy  streaks»in  Lincoln,  Wayne,  and  Mingo  Counties. 

Pocono  Series. — The  Pocono  Series,  composed  of  gray  sandstones  ai 
gray  shales,  is  usually  about  500  ft.  thick  in  all  the  counties  along  i 
Appalachian  Basin,  and  contains  the  Keener,  Big  Injun,  Squaw,  We 
and  Berea  sands.  Of  these  the  Big  Injim  is  the  most  prolific  oil  and  g 
horizon  of  the  State,  possibly  deriving  its  oil  from  the  Big  Lime  whi^ 
often  rests  directly  upon  it;  the  Berea  sand  is  a  close  second  to  the  Inju 
being  of  widespread  occurrence  and  often  productive  over  wide  areas. 

Catskill  Series. — The  Catskill  Series,  composed  of  red  or  brown  san 
stones,  separated  by  red  shales,  varies  from  500  to  800  ft.  in  thickness  ai 
contains  the  Gantz,  Fifty-foot,  Thirty-foot,  Gordon  Stray,  Gordc 
Fourth,  Fifth  or  McDonald,  Sixth  or  Bayard,  and  Seventh  or  Elizabe 
sands.  Of  these  the  Gordon  is  the  most  valuable  producer,  ranking  wi 
the  Berea  in  the  quantity  of  oil  but  not  having  such  a  wide  occurren( 
The  sands  of  this  series  are  the  lowest  that  have  been  commercially  pi 
ductive  in  the  State.  Southward  toward  Kentucky,  the  series  thins  c 
completely,  being  scarcely  represented  at  all  south  of  the  Great  Kanaw 
River. 

Chemung,  Portage  and  Hamilton  Series. — The  Chemung  and  Portai 
composed  of  green,  gray  and  brown  shales  respectively,  with  lenticu 
sandstones,_the  Chemung  being  probably  about  1,500  ft.,  the  Port« 
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about  800,  and  the  Hamilton  about  700,  contain  no  productive  sands  in 
West  Virginia,  although  the  Speechley  sand  of  the  Chemung  has  made 
shows  of  oil  and  gas  in  various  wells.  In  northern  Pennsylvania,  there 
are  several  productive  horizons  in  this  group.  Westward  in  Ohio  and 
southward  toward  Kentucky,  these  three  series  thin  out  almost  com- 
pletely, leaving  the  Berea  sand  only  700  to  1,000  ft.  above  the  Comiferous 
limestone.  These  shales  form  a  great  barrier  that  has  prevented  any 
exploitation  of  the  lower  Devonian  sands  in  northern  West  Virginia. 

MaTcdbAB  Shale. — The  Marcellus  shale,  known  as  the  Ohio  black 
shale  in  the  State  of  that  name  and  as  the  Chattanooga  shale  in  Tennessee, 
and  often  called  simply  the  Devonian  black  shale,  is.probably  about  300 
ft.  thick  along  the  Appalachian  Basin  in  West  Virginia.  It  is  a  black, 
bituminous  horizon,  and  contains  a  few  lenticular  gas  sands  in  Ohio  and 
Kentucky. 

Comiferous  Limestone. — The  Corniferous  limestone,  probably  not 
more  than  50  ft.  thick  in  West  Virginia,  is  the  Ragland  oil  sand  of  Menefee 
and  Morgan  Counties,  Kentucky.  It  has  been  penetrated  in  West 
Virginia  by  only  three  wells  near  the  Kentucky  line  (Nos.  26,  26A,  and 
27  on  Plate  1),  and  in  two  or  three  wells  in  Randolph  and  Tucker  Counties 
in  the  Alleghany  Mountains,  the  detailed  records  of  only  one  of  which 
(No.  32)  has  been  obtained.  It  is  probable  that  the  most  eastern  oil 
counties  of  the  State  do  not  have  this  horizon,  as  its  presence  is  not  noted 
in  the  Alleghany  Mountains  where  it  should  crop,  and  where  it  should  be 
easily  recognized  from  its  well-known  flints  and  fossils. 

Oriskany  Sandstone. — The  Oriskany  sandstone,  gray  in  color  and  prob- 
ably 150  ft.  thick,  and  a  producer  of  oil  and  gas  in  southern  Indiana  and 
central  New  York,  was  found  in  the  Geary  Well  (No.  42  on  Plate  1)  in 
Pennsylvania,  where  it  was  155  ft.  thick,  and  in  the  Slaughter  Creek  Well 
(No.  27  on  Plate  1)  in  Kanawha  County,  West  Virginia,  where  it  was  15 
ft.,  and  in  the  Parsons  Well  (No.  32  on  Plate  1),  where  it  was  80  ft. 
West  of  the  basin  it  is  not  noted  in  the  deep  wells  of  Ohio  but  on  the 
eastern  side  of  the  Alleghany  Mountains  it  is  the  well-known  glass  sand 
of  Morgan  County,  West  Virginia,  and  it  seems  likely  that  it  is  represented 
along  the  basin  in  West  Virginia. 

Helderberg,  Salina,  and  Niagara. — The  Helderberg,  Salina,  and 
Niagara  limestones,  often  comprising  a  solid  limestone  mass  800  ft.  or 
more  thick,  and  known  in  Ohio  drilling  parlance  as  the  "Big  Lime," 
has  been  penetrated  in  West  Virginia  only  by  the  Bartram  (No.  26A) 
and  Slaughter  Creek  (No.  27)  Wells,  and  was  found  in  the  Geary  (No. 
42)  Well  in  Pennsylvania.  Since  this  great  limestone  mass  is  found  in 
these  three  wells  and  is  universally  present  in  Ohio,  and  is  also  found  in 
much  the  same  great  development  in  West  Virginia  east  of  the  AUe- 
ghanies,  it  seems  safe  to  conclude  that  it  is  present  along  the  Appalachian 
Basin  with  the  same  or  greater  thickness.    It  is  possibly  the  parent  reser- 
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voir  from  which  much  of  the  White  Medina  sandstone,  or  "  Clinton  Sand" 
oil  of  Ohio  is  derived,  so  that  its  presence  along  the  basin  is  of  special 
interest. 

Clinton  Shales. — The  Clinton  variegated  shales  are  usually  found  in 
Ohio  between  the  "Big  Lime"  and  the  "Clinton"  sand,  varying  in  thick- 
ness from  60  to  200  ft.,  and  probably  occur  in  West  Virginia  along  the 
Basin. 

Medina  White  Sandstone. — The  "Clinton"  oil  sand  of  southern  Ohio, 
believed  by  I.  C.  White  and  others  to  represent  the  Medina  white  sand- 
stone, is  the  great  oil-and  gas-producing  stratum  of  Hocking,  Fairfield, 
Perry,  and  other  southern  Ohio  Counties,  being  usually  10  to  50  ft.  thick. 
No  drill  has  ever  reached  it  in  West  Virginia,  but  it  is  present  in  the 
Alleghany  Mountains  east  of  the  oil  fields  and  probably  occurs  along  the 
Basin. 

Medina  Shales. — ^The  Medina  vari^ated  shales,  with  probable 
lenticular  sandstone  horizons,  noted  in  many  deep  wells  in  southern  Ohio, 
may  have  a  thickness  of  500  ft.  along  the  Appalachian  Basin. 

Martinsburg  Shale. — ^The  Martinsburg  shale,  often  called  the  Cincin- 
nati or  Hudson,  is  foimd  in  Ohio,  Kentucky,  and  eastern  West  Virginia, 
and  may  therefore  be  taken  for  granted  along  the  Appalachian  Basin  in 
West  Virginia.  According  to  Hoeing,*  this  series  furnishes  several  oil 
and  gas  sands  in  Wolfe,  Morgan  and  other  Kentucky  Counties.  Its  thick- 
ness is  possibly  500  to  1,000  ft.  along  the  Appalachian  Basin. 

Utica  Shale. — The  XJtica  formation,  consisting  of  black  shales  with 
probable  sandstone  lentils,  may  have  a  thickness  of  300  ft.  along  the 
basin,  although  the  information  regarding  it  in  surrounding  States  is 
vague  and  uncertain. 

Trenton  Limestone. — ^The  Trenton  group,  composed  of  several  thick 
limestones,  often  coalesced  into  one  thick  mass  1,000  to  1,200  ft.  thick, 
is  the  great  oil  and  gas-producing  zone  of  north-central  Ohio  and  also 
is  productive  in  Indiana,  central  New  York,  and  in  some  parts  of 
Kentucky.  The  fact  that  it  occurs  in  these  surroimding  States  and  also 
crops  in  great  thickness  in  West. Virginia  east  of  the  Alleghanies  seems  to 
leave  little  doubt  that  it  occurs  also,  with  its  usual  great  thickness,  along 
the  Appalachian  Basin. 

Cross-Sections 

Based  on  the  evidence  of  the  numbered  wells  shown  on  Plate  1,  many 
of  which  were  very  deep  tests,  and  on  many  hundreds  of  oil  and  gas  wells, 
the  records  of  which  are  published  in  the  West  Virginia  State  Reports, 
and  also  on  the  outcropping  rocks  around  the  rim  of  the  Appalachian 
Basin,  five  cross-sections,  the  geographic  locations  of  which  are  showxi 

*  J.  B.  Hoeing:  OU  and  Gas  Sands  of  Kentucky,  BuUetin  No.  1,  KerUuckjf  Oet>^ 
logical  Survey,  pp.  3^-40  (1905). 
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CROSS  SECTIONS 

BMlcontAl  8cal«:      il/n  =  1<  Mllet 
Twtleal  Scale  t         ^/u  =  4O0O  «, 


Solid  Lta«a  Indicate  Sands  Determined  irom  Well  Baooidi 
Dotted  Lines  Indicate  Sopposed  Position  ol  Deep  Sands  as 
Determined  Irom  a  few  Deep  Wells  and  team  IntMvala  East 
and  West  oi  Appalachian  Basla 


Plate  3. — Cboss-Sbctions  as  Indicated  on  Plate  1< 
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on  Plate  1,  have  been  plotted  across  the  basin  in  West  Virginia  (Plate  3). 
The  scale  of  the  plates  does  not  permit  the  representation  in  detail  of 
the  surface  hills  and  valleys  but  a  solid  line  shows  the  ancient  peneplain 
surface  of  the  ridges,  and  another  shows  the  plane  of  the  main  drainage 
channels  with  reference  to  sea  level,  from  which  the  approximate  interval 
from  this  latter  plane  to  the  principal  sands  may  be  determined^  as  all 
estimates  for  drilling  must  start  from  this  drainage  plane.  Formations 
shown  with  solid  lines  are  plotted  from  actual  records  but  the  gaps  are 
filled  in  with  dotted  lines  to  represent  the  probable  positions  of  the  various 
deep  sands  and  lim^tones  as  outlined  above.  Of  the  more  shallow  sands, 
only  two  or  three  are  plotted  for  use  as  key  rocks.  These  cross-sections 
reveal  the  very  interesting  probability  that  the  well-known  gradual 
eastward  thickening  of  the  Chemung,  Portage,  and  Hamilton  shales 
shifts  the  axis  of  the  Appalachian  Basin  of  the  lower  limestones  and 
sands  many  miles  farther  east  than  the  position  it  occupies  when  referred 
to  the  formations  above  these  shales. 

Deep-Well  History 

The  accompanying  table,  containing  the  abbreviated  records  of  a 
large  number  of  wells,  has  been  compiled  from  the  various  sources  indi- 
cated to  show  the  different  deep  tests  that  have  been  made  in  West 
Virginia  and  in  neighboring  States  to  find  oil  in  the  sands  below  the  Cats- 
kill  Series.  In  Ohio,  where  hundreds  of  productive  wells  have  been 
drilled  to  the  "Clinton"  and  Trenton,  only  those  have  been  selected  that 
lie  nearest  to  the  Appalachian  Basin,  being  located  along  a  fairly  straight 
line  reaching  from  Lake  Erie  to  the  Ohio  River,  and  in  Kentucky  anly  a 
few  wells  are  listed  to  show  the  typical  formations  and  intervals.  Each 
well  is  given  a  tabular  number  that  corresponds  to  the  same  number  placed 
beside  the  well  symbol  on  Plate  1. 

Of  the  wells  tabulated  for  West  Virginia,  only  four  (Nos.  26,  26A,  27 
and  32)  were  drilled  as  deep  as  the  Comiferous  limestone,  and  only 
three  of  these  went  through  the  Oriskany  sandstone  into  the  Niagara  and 
Helderberg  limestone.  No  well  in  the  State  has  ever  been  drilled  into 
the  Medina  White  sandstone  ("Clinton"  oil  sand  of  Ohio)  or  into  the 
Trenton  limestone.  All  the  wells  drilled  to  the  Oriskany  sandstone  have 
been  somewhat  distant  from  the  main  oil  fields  of  the  State  and  are 
therefore  indecisive  as  tests  of  its  oil  and  gas  possibilities.  Briefly, 
then,  the  deep  sands  not  yet  tested  in  the  main  West  Virginia  oil  fields 
are  the  Corniferous  limestone  ("Ragland"  of  Kentucky),  Oriskany, 
Medina  white  sandstone  ("  Clinton"  of  Ohio),  and  the  Trenton  limestone, 
with  a  possibility  of  another  sand  horizon  in  the  Martinsburg  (Hudson) 
group,  which  produces  oil  in  Kentucky. 

The  well  most  typical  of  the  formation  and  conditions  likely  to  be 
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encountered  in  drilling  for  these  deep  sands  in  West  Virginia  is  the  Geary 
deep  well  (No.  42  on  Plate  1)  drUled  near  McDonald,  Pa.,  and  only 
about  50  miles  due  north  of  the  main  West  Virginia  fields.  This 
well  holds  the  unique  distinction  of  being  the  deepest  hole  ever  drilled 
in  the  United  States,  and  its  record  down  into  the  Ohio  "Big  Lime" 
was  published  by  I.  C.  White.'*  Judging  from  the  record  of  this  well  and 
that  of  the  Slaughter  Creek  (No.  27)  deep  well,  it  seems  likely  that  trouble- 
some salt  water  may  be  expected  in  the  Oriskany  and  Salina  beds  along 
the  minor  synclines  that  lie  parallel  to  the  main  Appalachian  Basin, 
and  that  oil  and  gas  will  more  probably  be  found  along  the  axes  of  the 
anticlines  or  at  no  great  distance  down  their  slopes. 

This  theory  that  oil  may  be  found  principally  along  the  anticlines 
is  contrary  to  the  experience  of  operators  who  have  exploited  the  sands 
of  the  Catskill  Series  in  the  same  region,  and  who  have  learned  through 
the  drilling  of  many  thousands  of  wells  that  these  latter  sands  are  usu- 
ally not  water-bearing  and  the  oil  is  therefore  almost  universally  found 
along  the  synclines. 

Whether  deep-sand  oil  and  gas  exist  in  conmiercial  quantity  along 
the  Appalachian  Basin  in  West  Virginia  will  be  known  only  through  the 
ultimate  test  of  the  drill,  but  the  fact  that  these  sands  are  widely  pro- 
ductive in  Ohio,  Kentucky,  Indiana,  and  New  York,  in  regions  where 
structural  relief  is  similar  to  that  in  West  Virginia,  and  the  further  strong 
probability,  and  almost  certainty,  that  these  porous  reservoirs  actually 
exist  in  close  proximity  to  the  great  limestones  that,  along  with  the 
Devonian  black  shales,  are  evidently  theiy  main  source  of  oil  in  other 
localities,  indicates  that  they  will  be  found  commercially  productive 
along  the  Basin.  The  fact  that  the  bituminous  shales  are  undoubtedly 
much  thicker  in  West  Virginia  than  in  Ohio,  Kentucky  and  Tennessee 
indicates  an  even  more  hopeful  possibility  of  oil. 

If  the  doubt  as  to  the  presence  of  oil  be  dismissed  as  unreasonable, 
the  problem  of  the  operator  resolves  itself  into  the  double  question; 
first,  as  to  the  location  of  the  pools  of  oil  and  gas;  and,  second,  as  to 
the  mechanical  possibility  of  drilling  wells  5,000  to  10,000  ft.  deep. 
As  outlined  above,  the  most  favorable  locaUties  seem  to  be  along  or 
near  the  axes  of  the  anticlines  where  the  danger  of  finding  salt  water 
would  be  minimized  and  where  the  gas,  if  any,  should  most  certainly 
collect.  The  search  for  oH  would  naturally  be  made  on  either  side  of 
the  anticlines  by  making  locations  at  increasing  distances  from  the  axes. 

That  drilUng  may  be  carried  on  successfully  to  the  great  depths 
indicated  by  the  figures  above  seems  open  to  little  serious  doubt.  In 
1860,  when  the  search  for  oil  and  gas  may  be  said  to  have  been  actively 
begun  in  the  Appalachian  Basin,  few,  if  any,  wells  had  been  drilled  to  a 

•I.  C.  White:  Notes  on  a  Very  Deep  Well  Near  McDonald,  Pennsylvania, 
Bulletin  of  the  Geological  Society  of  America,  vol.  24,  p.  275  (June  10,  1013). 
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Summarized  Record  of  Deej) 


1 

Farm  Name  and  Num- 

u^ -J  /\:i  m ^-  — 

County 
and 
State 

Eleva- 

tion 

above 

Tide, 

Feet 

Big  Lime  of 
W.  Va. 

BereaSand 

ComiferouB 
Limestone 

Oriskany 
Sandstone 

J 

Depth 
Feet 

Thick- 
ness. 
Feet 

Depth 
Feet 

Thick- 
ness, 
Feet 

Depth 

Thick- 

Depth 

Thiek- 
nest, 
Feet 

1 
liJ.  A.  Giddings  lot, 
1     JeflFerson  a  &  G.  Co. 

Ashtabula, 
Ohio. 

... 

... 

... 

... 

... 

2  Garfield  &  Caine, 
1     East  Ohio  G.  Co. 

1 

Cug^hoga, 

780 

10 

80 

. .  • 

1 

3  Citisens  No  1. 

1 

Lorain, 
Ohio. 

... 

... 

... 

... 

...   1 
1 

4|E.  S.  Albert  No.  1. 

1 

Medina. 
Ohio. 

920 

386 

10 

...  '  ... 

1 

5;Barberton      Chem.      Co.  i  Summit, 
1     No.  1.                                ,  Ohio. 

1                                              1 

460 

10 

2.180 

1 

elWooster  well,                        Wayne, 
H.  B.  Odenkirk,                  Ohio. 

I                                               1 

8«0 

465 

30 

... 

1           1 

...  I  ...  ^... 

7|Kaylor. 

1 

. . . 

615 

10 

... 

81  Fairall.                                    Muskingum, 
1                                                   Ohio. 

... 

... 

834 

16 

... 

9' Dillon  Falls  well,                  Muskingum, 
Chicago-Zanesville             Ohio. 
0.  AG. 

... 

895 

12 

... 

...   j  ... 

lOi  George  Handehsy, 

1     Zanesville  G.  &  0.  Co. 

Muskingum, 
Ohio. 

... 

1,010 

23 

... 



ll|W.  J.  Roberts. 

1 

Muskingum, 
Ohio. 

... 

250 

38 

847 

14 

... 

12!McConnellsville  Fair 
;         Grounds, 

MoConnellsville  City. 

*si^r- 

726 

625 

44 

1.279 

66 

3.082 

2 

3,125    1      8 

13  T.  J.  Chappalear, 
J.  P.  Fishel. 

nsr 

760 

1.160 

20 

... 

... 

...    j  ... 

141  Martin  No.  3. 
1     E.S.  Martin. 

Perry, 
Ohio. 

... 

920 

20 

... 

...     '  ... 

16 

Crouse  No.  1. 

B.  S.  Stretton. 

Fairfield, 
Ohio. 

... 

... 

... 

...    i  ... 

16 

Logan  town, 
Logan  town. 

Hocking, 
Ohio. 

748 

683 

46 

... 

... 

...    '  ... 

17 

Columbus  Hocking  C.  A  I. 
Columbus  Hocking  C. 
4L 

Athens, 
Ohio. 

... 

... 

... 

... 

...    1  ... 

18 

Waverly  0.  &  Gas.  Co. 
Waverly  0.  &  Gas  Co. 

Pike, 
Ohio. 

576        ... 

... 

... 

19 

Buckeye  Coal  Co.  No.  2. 
Buckeye  Coal  Co. 

Jackson, 
Ohio. 

... 

... 

640 

20 

20 

At  Vinton  village.               IGalUa, 
1  Ohio. 



... 

...      ... 

21 

At  Mt.  Vernon  village,     j  Lawrence. 
1  Ohio. 

...  1  ... 

...      1,095 

26 

t 

...  ,... 

22 

At  Ironton  town. 

Lawrence, 
Ohio. 

600 

. . .      1.010 

47 

... 

J 

23 

Burns  well. 

Morgan, 
Kentucky, 

368 

1 

106 

1,096 

[^^itiz 

5dl3yL 

lOOC 

;1..|... 

DA.TIO  B.   BBOBB 


1721 


WeUs  Shown  on 

Plate  I 

Helderberg. 

Salina    and 

Xiasara. 

**Bic  Lime  of 

Ohio" 

Medina 

("CUnton") 

Sand 

Trenton 
Limestone 

Total 

Depth, 

Fiet 

Referenoe  to 
Detailed 
Record 

Remarks 

Depth 
Top. 
Feet 

Thiok- 
neM, 
Feet 

Depth 
Top, 
Feet 

Thick- 
neas, 
Feet 

Depth 

Thiok- 

1.810 

388 

2,127 

13 

... 

2.140 

Ohio  Q.  8.  4th  series. 
BvU.  1,  p.  308. 

Oil  well  in  "Clinton"  sand. 

1.210 

1.455 

2.680 

... 

... 

2,770 

Ohio  G.  8.  4th  aeries. 
BiM.  12.  p.  65. 

Heavy  flow  of  water  and  oil 
show  in  Niagara  lime.  Gas 
in  "Clinton"  sand. 

440 

850 

... 

... 

2.645 

.... 

Ohio  G.  8.  4th  series, 
BvU.  12.  p.  64. 

1,512 

1.127 

2.749 

14 

... 

2,777 

Ohio  G.  8.  4th  aeries. 
Bull.  12,  p.  62. 

2.180 

350 

2.5007 

80 

... 

3,006 

Ohio  G.  8.  4th  series, 
BtUL  1,  p.  296. 

Gas 8how(T)  in  "  Clinton"  sand. 
Rock  salt  and  lime  in  lower 
300  ft.  of  hole. 

1.830 

1,085     3.104        81 

1 

... 

. . .     |3.140 

Ohio  G.  8.  4th  series, 
BuU.  12.  p.  60. 

1,440,000  cu.  ft.  of  gas  daily  and 
oil  show  in  "Clinton"  sand. 
Heayy  flow  of  brine  at  2,055  ft. 

1.725    1    960    '2.851    ,     28 

... 

...     j  2,957 

Ohio  G.  8.  4th  series, 
BvU.  12.  p.  59. 

Gas  show  in  "  Clinton"  sand. 

2.035 

934 

3.141    1     21 

... 

3,194 

Ohio  G.  8.  4th  series, 
BuU.  12.  p.  37. 

**  Clinton"  sand  oil  well. 

2,120     1.275 

3.543 

21 

. . .      3,567 

Ohio  G.  8.  4th  series. 
BuU.  12.  p.  35. 

Salt  water    2,560  ft.  and  3.205 
ft.   Shows    of    oil    and  gas  in 
"Clinton"  sand. 

2,640     1,005 

3.709 

38 

•••     . 

...     '3.805 

1 

Ohio  G.  8.  4th  series, 
BuU.  12.  p.  36. 

Dry  hole. 

2.195    i    970     3.296 

... 

... 

. . .       3.314 

Gas  in  "Clinton"  sand. 

!  ... 

1 

... 

••• 

3.186 

Ohio  G.  8.  4th  series, 
BuU.  1,  p.  145. 

Gaft  in  Berea  sand. 

2.700    '    900    |3.935 

9 

... 

. . .       3,947 

Ohio  G.  8.  4th  series, 
BuU.  12.  p.  38. 

No  oil  or  gas:  1  bailer  of  water 
K>er  hour  in  Niagara  lime. 

2,170      1.170 

3,175 

17 

... 

3,213 

Ohio  G.  8.  4th  series. 
BuU.  12,  p.  23. 

Oil  well  in  "  Clinton"  sand. 

1.378    1    ... 

2.180 

5 

3.470 

3.569 

Ohio  G.  8.  4th  series. 
BuU.  12,  p.  28. 

No  oil  or  gas  noted  in  record, 
but  was  probably  a  "  Clinton" 
gaaser. 

1,715         715 

2.627 

18 

2.694 

Ohio  G.  8.  4th  series. 
BuU.  12.  p.  39. 

Dry  hole. 



... 

.... 

Ohio  G.  8. 4th  series. 
BuU.  12.  p.  41. 

Drilled  to  "CUnton"  sand. 
No  oil  or  gas. 

485         490 

... 

... 

1.960 

• 

808 

3.335 

Ohio  G.  8.  4th  series. 
BuU.  12.  p.  48 

Some  salt  water  and  gas  in  Ni- 
agara lime;  oil  and  gaa  show  in 
Trenton. 

660      1.454 

2.255 

8 

... 

2.316 

Ohio  G.  8.  4th  series, 
BuU.  12.  p.  44. 

4,000.000  cu.  ft.  of  gas  daily  in 
"CUnton"  sand. 

i 

... 

... 

3,200 

Ohio  G.  8.  4th  series. 
BuU.  12.  p.  44. 

Dry  hole.  No    "  Clinton" 
sand. 

1.810 

620 

... 

... 

... 

2,730 

Ohio  G.  8.  4th  series. 
BuU.  12.  p.  60. 

Dry  hole.  No    "CHnton" 
sand. 

1.827 

584 

... 

... 

3.440r 

3.600 

Ohio  G.  8.  4th  series, 
BuU.  12.  p.  49. 

Dry  hole.  No  "CUnton" 
sand. 

i 

1.408 

94 

... 

1,608 

Ky.   G.    8.    BuU.    1, 
p.  159. 

o:^^^^(j(f6'^t- 
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Summarized  Record  of  Deep  Wells 

I 

Farm  Name  and  Num- 
ber and  Oil  Company 

Caney  Creek  well, 
G.  M.  Sullivan. 

County 
and 
State 

Morgan, 
Kentucky 

Eleva- 
tion 
above 
Tide, 
Feet 

Big  Lime  of 
W.  Va. 

Berea  Sand 

CorniferoQS 
Limestone 

Oriskany 

§ 

6 
24 

Depth 
Top, 
Feet 

4T3 

Thick- 
ness, 
Feet 

~69~ 

Depth 
Top, 
Feet 

17035" 

Thick- 
ness, 
Feet 

~24~ 

Depth 
Top, 
Feet 

17370^ 

Thick- 
Feet 

Depth 

... 

Thick- 
nea. 
Feet 

25 

BUine  Creek  well. 

Lawrence, 
Kentucky 

...    1    ... 

1 

... 

1,660 

2 

2,592 

-5     1     ... 

... 

26 

Central  City  well, 
T.  H.  Harvey. 

Cabell, 
W.  Va. 

530        970 

1 

150 

1,730 

25 

2.760 

10    1    ... 

1 

1 

... 

26 

A 

David  Bartram  No.  483. 
United  Fuel  Gas  Co. 

Wayne, 
W.  Va. 

595 

1,220 

80 

1,875 

20 

2,760 

410     j     ...    j    .., 

1             ' 

27 

Slaughter  Creek  C.  A  L. 
W.  S.  Edwarda  Oil  Co. 

Kanawha, 
W.  Va. 

640 

1.463 

207 

2,093 

12 

4,945 

90      5.035   1    15 

28 

Griffith  No.  1, 

Rich  Creek  O.  &  G.  Co. 

Mercer, 
W.  Va. 

2,090 

... 

... 

... 

... 

...     1     ...        ... 

29 

B.  T.  Baker  No.  1, 
Summers  0.  &  G.  Co. 

Summers, 
W.  Va. 

1.586 

1.020 

1,057 

2.600 

25 

1 
...     1     ...    ^    ... 

30 

P.  C.  Daniels  No.  1. 
Tygarts  Valley  Oil  Co. 

Randolph 

1,990 

... 

... 

1     ^^^    1 
1             1 

31 

Alonso  W.  Murphy  No.  1. 
Meadrtol. 

Randolph, 
W.  Va. 

1,995 

... 

... 

1 

32 

Parsons  Pulp  A  Lumber 
Co. 
Parsons  Pulp  &  Lumber 
Co. 

Tucker, 
W.  Va. 

1.655 

... 

• .  • 

... 

3-,825 

20     '3.980   1    80 

1 

33 

J.  C.  Benson  No.  3,612 
Hope  Natural  Gas  Co. 

Barbour, 
W.  Va. 

1,026 

1,235 

90 

1,615 

138 

34 

Porter  MaxweU  No.  3,869, 
Hope  Natural  Gas  Co. 

Harrison, 
W.  Va. 

1,050 

1,531 

... 

... 

1             1 
1             ' 

35 

M.  J.  Coplin  No.  1. 
Tri-State  Gas  Co. 

Harrison, 
W.  Va. 

1,030 

1,288 

77 

1,711 

13 

1  ...  1  ...  '  ... 

1 
i 

36 

Absalom  Knotts  No.  1, 
Greensboro  Gas  Co. 

Taylor, 
W.  Va. 

1,460 

960 

50 

1,460 

120 

1 

37 

R.  S.  Hauaer  No.  1, 
Greensboro  Gas  Co. 

Taylor, 
W.  Va. 

1.480 

950 

40 

... 

1 

1 

38 

RusseU  McCartney  No.  1, 
Greensboro  Gas  Co. 

Taylor, 
W.  Va. 

1,580 

1,055 

35 

1.500 

90 

... 

... , ...  J ... 

38 
A 

T.  E.  Dye  No.  1, 
Am.  Hydroscope  Co. 

Ritchie, 
W.  Va. 

... 

... 

... 

• 

... 

1     ...     '     ... 
"■     1             1 
1 

39 

J.  F.  Dobbs  No.  1. 
South  Penn  Oil  Co. 

Marshall. 
W.  Va. 

980 

1.760 

30 

... 

... 

...    1 

1 

40 

Hoggs  Run  well. 
Wheeling  Dev.  Co. 

Marshall,      1    900 
W.  Va.         ! 

... 

... 

... 

...     1     

1 

41 
42 

Wm.  Bedell, 
Forest  Oil  Co. 

Allegheny   .1     ... 
Penna. 

1,050         50 

1 

1.515 

50 

... 

...     1     ...     ^     .- 

. 

R.  A.  Geary  No.  1,770, 
Peoples  Nat.  Gas  Co. 

Washington, 
Penna. 

1,050 

953          29 

1,610 

12 

Digitize( 

JbyV^ 

o5g 

6.045    '    155 

Witherop. 
Conway  Bros. 

Venango, 
Penna. 

955 

" 

... 

... 

... 

3.870 

10 

( 

Shown  on  Plate  1  (Continued) 
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Helderberg, 

SaUnaand 

Niagara, 

**Bis  Lime  of 

Ohio" 

Medina 

("Clinton") 

Sand 

Trenton 
Limestone 

Total 
Depth. 
Feet 

Reference  to 
DetaUed 
Record 

Remarks 

Depth 

Top, 

Feet 

Thick- 
ness. 
Feet 

Depth 
Top, 
Feet 

Thick- 
ness, 
Feet 

Depth 
Top, 
Feet 

Thick- 
ness, 
Feet 



1.408    1     ... 

... 

2.021      1  Ky.    G.    S.     BtOl.    1. 
'    p.  72. 

Oil  and  gas  in  "Clinton"  and 
Caney  Sands.  Salt  water  in 
Clinton.  Probably  stopped 
just  short  of  Trenton. 

... 

... 

...     1     ... 

2,697 

Ky.    G.    S.    BuU.    1. 
p.  78. 

Gas  in  Pottsville  Conglomerate 
and  Berea  sand. 

... 

... 

...     1    ... 

1 

2.770        W.  Va.  G.  S.  Vol.  I 
(A),  p.  495. 

Oil  and  gas  in  Berea  sand;  gas 
in  bastard  limestone  at  2,485 
ft. 

2,760 

410 

... 

... 

1 

3,130 

Unpublished. 

Dry  hole;  oil  show  in  Weir  sand 
at  1,790  ft.;  Corniferous  and 
Niagara  recorded  together. 

5,050 

545 

5.595 

W.  Va.  G.  S.  Kana- 
wha Report,  p.  xix. 

Squaw  sand  gas;  water  in  Niag- 
ara Lime  at  5,592  ft. 

-     1 

... 

4,105 

W.  Va.  G.  S.  Raleigh 
Report. 

Still  drilling;  base  of  Potts- 
ville, 105  ft. 

•■■     1 

2.664 

W.  Va.  G.  S.  Raleigh 
Report. 

Dry  holfe. 

...     ^     ...     ^     ... 

2,000? 

W.    Va.    G.    S.    Bar- 
bour-Upshur-Ran- 
dolph Report. 

Starts  near  base  of  Chemung 
Series.     Shows  of  oil  and  gas. 



2,385 

W.    Va.    G.   8.   Bar- 
bour-XJpshur-Ran- 
dolph  Report. 

Starts  near  base  of  Chemung 
Series.     Dry  hole. 

... 

4,250 

Not  published. 

Starts  near  base  of  Chemung 
Series.  Pockets  of  gas  at  825 
to  835  ft..  1,053  antf  3,830  ft. 
Strong  salt  water  at  3,990  ft. 
to  4,000  ft. 

... 

4,570 

W.    Va.    G.    8.    Bar- 
bour-Upshur-Ran- 
dolph Report. 

Gas  in  Big  Lime,  Big  Injun, 
Berea,  and  Kane(?)  sands. 

4,386 

W.    Va.    G.    8.    Bar- 
bour-Upshur-Ran- 
dolph  Report. 

... 

... 

4,028 

W.   Va.   G.   8.   Dod- 
dridge-Harrison 
Report,  p.  120. 

Little  gas  in  lime  and  shells  at 
2,950  ft. 

... 

3,955 

W.    Va.    G.    8.    Bar- 
bour-Upshur-Ran- 
dolph  Report. 

Gas  show  at  1,210  ft. 

... 

4.437 

W.    Va.    G.    8.    Bar- 
dolph  Report. 

Light  gas  in  Big  Injun  sand; 
Kane(?)  •  sand.  4,108  to 
4,162  ft. 

... 

": 

3,506 

W.    Va.    G.    8.    Bar- 
bour-Upshur-Ran- 
dolph Report. 

Gas  show.  2,425  ft. 

... 

... 

4,450 

W.   Va.   G.   8.    Dod- 
dridge-Harrison Re- 
port, p.  284. 

Flow  of  oil  in  Speechley  sand  at 
3,125  ft. 

... 

3.411 

W.  Va.  G.  8.  Marshall- 
Wetiel-Tyler  Report, 
p.  390. 

Gordon  sand  oil;  Speechley 
sand.  3.344  to  3.376  ft.  with 
some  dark  oil. 



4,500 

W.  Va.  G.  8.  Vol.  I, 
p.  364. 

Base  of  Big  Injun  at  1,570  ft.; 
show  of  ofl  at  2,955  ft. 

. .  - 

... 

5,575 

W.  Va.  G.  S.  Vol.  I 
(A),  p.  104. 

Speechley  sand.  3,150  to  3,165 
ft.;  Bradford  sand,  3.500  to 
3,520  ft.  with  trace  of  oil;  hole 
stopped  in  Marcellus  shale. 

... 

... 

6.299  + 

G.S.A..J5utt.Vol.24, 
p.  275,  1913. 

Gas,  4,850  ft..  4,870,  5,900, 
5,905,  5,910,  6,915.  6,060  ft. 
Not  yet  completed. 

... 

... 

3.880 

W.  Va.  G.  8.  Vol.  I    Slight  shows  of  oU  and  gas. 
(A\p.86.                   1                                             ..         _ 
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depth  of  1,000  ft.  In  1890,  when  development  was  at  its  height,  3,000 
ft.  was  considered  an  unusual  depth,  but  by  1910  several  holes  had  been 
drilled  more  than  5,000  ft.  and  at  the  present  time  at  least  two  wells 
in  the  worid  have  been  drilled  more  than  7,000  ft.  The  advance  in 
drilling  has  been  just  as  rapid  as  in  any  other  line  of  human  endeavor 
where  mechanical  ingenuity  and  skill  must  be  used  and  in  these  qualifica- 
tions the  Scotch-American  well  driller  stands  second  to  none.  To  say 
that  drilliiig  cannot  be  continued  to  greater  depths  than  the  Geary  and 
Slaughter  Creek  wells  would  call  for  a  total  cessation  of  the  enterprising 
experimentation  that  has  characterized  oil-well  drilling  from  its  very 
.beginning. 

Suggestions  for  Drilling 

A  comparison  of  the  cross-sections  on  Plate  3,  in  conjunction  with 
the  data  exhibited  on  Plates  1  and  2,  shows  that  ideal  conditions  may  be 
found  along  several  of  the  anticlines  east  and  west  of  the  main  Appala- 
chian Basin,  among  which  may  be  mentioned  the  New  Martinsville, 
Washington,  Brownsville,  Arches  Fork,  Big  Moses,  Chestnut  Ridge 
(known  as  the  Warfield  in  southern  West  Virginia),  and  last  and  best  of 
all,  the  Burning  Springs,  which  stretches  in  a  north  and  south  direction 
for  more  than  30  miles  through  the  very  heart  of  the  oil  fields  and  in  a 
region  where  the  Devonian  shales  are  probably  much  thinner  than  at 
points  farther  east.  A  well  drilled  at  the  point  where  this  anticline 
crosses  Walker  Creek,  near  Sandhill,  10  miles  southward  from  St.  Marys, 
and  5  miles  north  of  Petroleum  on  the  Baltimore  and  Ohio  Railroad,  and 
5)4  miles  south  of  the  point  where  cross-section  CC  crosses  the  anticline, 
would  have  a  tidal  elevation  of  920  ft.  Being  at  the  summit  of  the 
great  Volcano  dome,  it  would  start  at  an  approximate  interval  of  1,000 
ft.  below  the  Pittsburgh  Coal  and  should  find  the  Big  Lime  of  West 
Virginia  at  about  100  ft.,  the  Berea  sand  at  about  600  ft.,  the  Cornifer- 
ous  limestone  at  about  3,500  ft.,  the  Oriskany  sandstone  at  about  3,550 
ft.,  the  Medina  white  sandstone  ("Clinton")  at  about  4,700  ft.,  and 
should  reach  the  Trenton  limestone  at  about  6,000  ft.  The  dome-shaped 
structure  at  this  point  would  almost  insure  the  absence  of  water  in  the 
sands,  at  the  same  time  making  the  financial  risk  much  less  than  at  any 
other  point  in  the  well-developed  oil  fields  of  the  State.  Oil  or  gas  secured 
at  this  point  would  immediately  open  a  prospective  field  for  30  miles 
along  the  crest  of  this  great  anticline  where  conditions  are  similar  all 
the  way  from  St.  Marys  on  the  Ohio  River  to  Burning  Springs  near  the 
corner  of  Wirt,  Roane  and  Calhoim  Counties. 

Should  this  region  prove  to  be  commercially  productive  from  the 
lower  sands,  attention  would  naturally  turn  to  the  other  anticlines  men- 
tioned, where  drilling  would  be  more  expensive  but  the  possibility  of 
finding  oil  and  gas  reasonably  good. 
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[8TJBJBCT    TO    BBVIBION] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preM»Dted  in  person  at  the 
Aiisona  meeting,  SeptemSer,  1916,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  diaeuB8ion».jk  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street^  New  York.  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1 ,  1916.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Petrography  of  the  Mount  Morgan  Mine,  Queensland. 

BT  W.  E.   GABT,  B.  8.,  M.  A.,*  BUTTB,  MOMT. 
(Arisona  Meeting,  September,  1916) 

Introduction 

Since  the  time  of  their  discovery,  the  genesis  of  the  ores  at  Mount 
Morgan,  and  the  nature  of  the  changes  which  have  affected  the  surround- 
ing rocks,  have  been  the  subject  of  investigation  and  speculation  by  geolo- 
gists and  mining  engineers.  Developments  at  this  mine,  for  a  long 
period  the  greatest  gold  producer  of  the  world,  show  that  with  depth 
the  orebody  grades  into  copper,  of  which  metal  it  now  furnishes  a  large 
output,  exceeding  in  value  the  gold. 

In  earlier  times,  the  purity  of  the  gold  and  the  first  extremely  hetero- 
geneous character  of  the  ore  made  it  an  interesting  problem.  Now,  the 
probable  depth  of  the  copper  enrichment,  genesis,  and  true  relations 
of  the  neighboring  rocks  furnish  equally  profitable  material  for  investi- 
gation, and  the  present  somewhat  detailed  description  of  these  ores  and 
rocks,  from  microscopic  study,  may  prove  of  interest. 

The  mine  occupies  a  highly  silicified  portion  of  a  belt  of  quartz-por- 
phyry, which  is  beheved  to  be  the  oldest  rock  of  the  region.  This  belt 
of  quartsB-porphyry  and  aUied  rocks  runs  north  and  south  between  two 
areas  of  a  later  intrusive  granite,  as  shown  on  the  geologic  map,^  Fig.  1. 
Near  the  orebody  the  quartz-porphyry  has  been  intruded  by  a  dense 
basaltic  mass  called  the  ''  Old  Basic. "  Cutting  all  three  of  these  igneous 
masses  are  two  sets  of  basaltic  dikes,  one  running  northwest-southeast, 
and  the  other,  cross  dikes,  northeast-southwest.  These  dikes  may  be 
contemporaneous  with,  instead  of  later  than,  the  ore.  Their  number  has 
•  caused  pecuUar  difficulties  in  extracting  it,  as  the  clay  selvage  of  decom- 
posed material  affords  no  adhesion  between  dike  and  ore,  causing  great 
blocks  to  loosen  and  come  down. 

The  investigation  was  based  on  specimens  furnished  by  B.  Magnus, 
former  general  manager  of  the  mine,  and  notes  on  the  areal  geology  by 


*  Assistant  Geologist,  Anaconda  Copper  Mining  Co. 

'Reproduced  by  permission  of  the  Australasian  Institute  of  Mining  Engineers 
from  the  plate  accompanying  the  paper  of  J.  M.  Newman  and  G.  F.  Campbell  Brown, 
Transactions.  Atuiralasian  Institute  of  Mining  Engineers,  vol.  15,  part  2  (1910). 
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J.  M.  Newman  and  G.  F.  Campbell  Brown.*  Reference  to  the  literature 
shows  a  wide  divergence  of  opinion  concerning  its  geology  to  have  existed 
at  different  times. 

Summary  of  Opinions  on  Genesis  of  Mount  Morgan  Orebodt 

The  first  examination  was  made  by  R.  L.  Jack,  as  geologist  for  the 
Queensland  Government,  in  1884,  and  he  came  to  a  conclusion,  from  the 


Q 

L        PI 
Fig.  2. — Quabtz-Porphtrt  of  the  Composition  of  Quabtz-Diortte  or  Quakti- 

MONZONTTB,  WITH  A  GrOUND-MaSB  OF  FiNE  GRANULAR  SECONDARY  QUABTt,  CmX>- 
RITE,  LSUCOXENB,  AND  HEMATITE.  PlAOIOCLASE  AND  QUARTZ  M AKB  Up  THE  PhBNO- 
CRTBTS,   AND  PATCHES  OF  PYROXENE  ARE  COMMON.      ThE  LaTTER  HAS  BEEN  PaBTLY 

Ai;rERED  TO  Chlorttb  and  Epidote.    Crossed  Nicols.     X  24. 

evidence  then  available,  that  nothing  but  a  thermal  spring  in  the  oi>en 
air,  or  geyser,  could  accoimt  for  the  formation  of  the  orebody.  In  1891, 
Walter  H.  Weed  of  the  United  States  Geological  Survey  was  asked  by 
Mr.  Jack  to  examine  and  compare  a  suite  of  specimens  from  the  mine 
with  the  sQiceous  sinters  of  the  hot  spring  region  of  Yellowstone  Park. 
Weed  came  to  a  similar  conclusion,  citing  the  Steamboat  Springs  of  Nev- 
ada, which  have  long  been  known  to  be  surrounded  by  deposits  of  sinter 
in  fissures  of  which  ore  deposition  is  taking  place. 

T.  A.  Rickard,  after  an  examination  of  the  mine  the  same  year,  sum- 

*  Loc,  cU.,  pp.  439  to  470. 
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marized  the  various  views  held  up  to  this  time  as  follows:  1.  That  the 
deposit  is  one  of  a  geyser  (R.  L.  Jack,  1884).  2.  That  it  is  an  auriferous 
zone  traversed  by  a  series  of  quartz  veins  of  auriferous  mundic  (gold- 
bearing  pyrite)  (J.  MacDonald  Cameron,  1887) .  3.  That  it  is  the  decom- 
posed cap  of  a  large  pyrite  lode.  (The  view  held  by  several  local  and 
other  mining  engineers  at  the  time  of  his  examination.) 

Mr.  Bickard  dismissed  the  geyser  theory  as  an  altogether  local  appear- 
ance, based  as  it  was  on  a  small  open  cut  which  showed  a  fan-diaped 

Q 


Fig.  3. — Quabtz-Pobphtry.  There  is  a  Strong  Development  op  Actinolite 
AMONG  the  Small  Grains  of  Secondary  Quartz  Which  Makes  Up  the  Ground- 
Mass,  Probably  a  Result  of  Proximity  to  the  Basaltic  Rock^.  Leucoxbne 
(Whttb  and  Opaque,  Hence  Dark)  is  Abxtndant.  Phenocrysts  of  Quartz,  and 
Gbound-Mass  Largely  Secondary  Quartz.  Limonite,  as  Evidence  of  Weather- 
ing, Occurs  Disseminated  and  along  Fbactubes.    Cbossed  Nicols.     X  24. 

arrangement  of  ore,  and  his  owt\  explanation  of  Mount  Morgan  was,  that 
it  "represents  an  altered  portion  of  shattered  country  rock,  which,  by 
reason  of  its  crushed  condition,  was  readily  acted  upon  by  mineral  solu- 
tions, and  that  these  solutions  replaced  the  basic  and  feldspathic  with 
acidic  and  quartzose  material  which  was  also  gold-bearing." 

The  geyser  and  replacement  theories  were  later  reviewed  by  Dr. 
Frank  D.  Adams  of  McGill  University  with  an  interesting  account  of 
the  discovery  and  subsequent  history  of  the  mine.  But  by  1899,  the 
reaching  of  depths  below  the  zone  of  oxidation  revealed  data  which  did 
not  agree  with  some  of  these  earUer  conceptions. 
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Many  difEerent  names  and  origins  have  also  been  assigned  to  the  rocks 
of  the  district.  Metamorphism  was  supposed  by  some  to  have  trans- 
formed original  sedimentary  rocks  into  the  present  ones,  which  are,  as  is 
generally  stated,  difficult  to  distinguish  from  igneous  rocks.  The  sup- 
posed graywacke,  quartzites,  and  shales  of  sedimentary  origin  are  now 
known  to  be  igneous  or  derived  from  igneous  rocks.  There  are  no  true 
sediments  near  the  mine  except  those  to  the  northwest  of  it,  which  overlie 

Ch 


Cpy  Ch 

Fig.  4. — Ore,  Showing  Ptritb  and  Chalcopyritb  with  Chloritb  in  Ganqxtb 
OP  Quartz,  the  Chloritb  within  and  around  the  Sulphides,  All  Threb  Af- 
PEARiNG  to  Occupy  the  Spaces  and  Channels  between  the  Quartz  Graii«b. 
Soios  Small  Green  Needle-like  Crystals,  Not  Plainly  Seen,  are  Prqbabi^t 
Actinolite.    Plane  Light.     X  24. 

the  very  latest  of  the  intrusive  masses.  These  sediments  are  Lo^wer 
Mesozoic  in  age  and  consist  of  conglomerates,  fireclays,  and  sandstones, 
with  a  possible  bed  of  volcanic  ash  or  tuff.  No  specimen  of  the  latter 
material  was  available,  so  this  point  could  not  be  determined. 

The  notes  by  Newman  and  Brown,  and  by  G.  S.  Hart,  in  the  Trarhs- 
actions  of  the  Australasian  Institute  of  Mining  Engineers,  from  ^^Iiose 
maps  and  descriptions  the  field  relations  are  taken,  represent  the  most 
recent  published  work  on  the  mine. 

It  is  hoped  the  additional  facts  here  set  forth,  from  microscopic  study, 
may  be  of  assistance  in  solving  the  problem  of  the  origin  of  its  ores,  as 
well  as  give  additional  information  concerning  the  associated    rocks. 
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In  some  casea  the  names  of  rocks  have  been  changed  to  more  nearly  fit 
their  mineralogy  and  textures  as  revealed  in  thin  section,  the  names  here 
given  according  with  the  American  usage.  Acknowledgments  are  due 
the  authors  of  the  above  papers,  to  Mr.  Magnus  for  specimens  and  notes, 
and  to  Dr.  Charles  P.  Berkey  of  Columbia  University  for  his  kindly 
assistance  in  the  laboratory. 
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Fig.  5. — Orb,  Showing  Relation  of  Chlorite  to  the  Sulphides,  and  Distribu- 
tion OF  THE  PtRITB  AND  ChALCOPTRITB   WITH  THE  ChLORITE  ALONG  THE  VeINLETS 

AND  Spaces  in  the  Quartz.    Plane  Light.     X  24. 

Description  of  Micrographs 
The  accompanying  geologic  map,  Fig.  1,  will  make  clear  the  general 
relationship  of  the  Mount  Morgan  rocks,  and  with  this  in  mind,  the 
descriptions  follow  in  the  order  of  their  relative  geologic  age. 

Key  to  Minerals  in  Photomicrographs 


Ac 

=  Actinolite 

L 

=  Leucoxene 

Ap 

=  Apatite 

Li 

=  Limonite 

Aug 

=  Augite 

M 

=  Magnetite 

C 

=  Carbonate 

PI 

=  Plagioclase 

Ch 

=  Chlorite 

Px 

=  Pyroxene 

Cpy 

=  ChaJcopyrite 

Py 

=  Pyrite 

Hb 

=  Hornblende 

Q 

=  Quartz 

U 

=  Iknenite 
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Quartz-Porphyries  and  Ore 

These  rocks  are  grayish  green  and  porphyritic  with  a  fine-grained 
ground-mass  and  scattered  irregular-shaped  crystals  of  quartz.  Two 
photomicrographs,  Figs.  2  and  3,  show  them  in  thin  section.  Plagioclase 
is  the  predominant  feldspar  and  ilmenite  is  the  chief  accessory  mineral. 
Secondary  development  of  quartz,  actinolite,  chlorite,  epidote,  kaolin, 
leucoxene,  and  hematite  is  a  very  pronounced  characteristic.    Later 


Fig.  6. — Orb.    Polishbd  Section  ^Showing  Distribution  of  Ptritb  and  Chai*- 

COPTRITB  IN  THE  QUARTZ   GaNOUE.      SiLVER  NiTRATB  HAS  BEEN  USED  TO  StAIN  THE 

Chalcoftrite.  The  Minerals  are  Disseminated  as  Replacements  in  the 
Quartz,  as  well  as  Distributed  Along  the  Veinlets  and  Channel  Between 
THE  Quartz  Grains.  Both  Sulphides  Appear  to  have  been  Deposited  at  the 
Same  Time.    Reflected  Light.     X  24. 


changes  have  developed  some  limonite,  which  is  probably  derived  from 
pyrite,  though  occurring  chiefly  along  fractures.  Other  fractures  appear 
in  the  slides  which  are  still  more  recent  than  these. 

The  belt  of  quartz-porphyry,  which  is  the  oldest  of  the  rocks,  is 
peculiar  on  account  of  the  fact  that  the  phenocrysts  in  it  seem  to  have  been 
subjected  to  a  certain  amoimt  of  primary  fracturing.  This  would  indi- 
cate that  their  original  matrix  had  become  somewhat  viscous  before 
movement .  within  the  mass  entirely  ceased,  although  all  evidence  of 
flow  structure  in  the  matrix  or  ground-mass  has  since  been  obliterated, 
if  ever  developed.     Specimens  of  the  unaltered  rock  would  undoubtedly 
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tell  this.    Nevertheless,  its  general  heterogeneous  nature  suggests  that 
it  was  originally  a  surface  flow  or  large  extrusive  mass. 

The  quartz-porphyry  within  the  boimdaries  of  the  ore  deposit  has 
been  thoroughly  siHcified,  and  this  gray  quartzose  material  is  streaked 
with  veinlets  and  bands  of  pyrite  and  chalcopyrite.  The  original 
structure  of  the  rock  is  only  slightly  preserved  and  Figs.  4  and  5  will  show 
it  to  be  replaced  by  aggregates  of  quartz  grains  of  irregular  size  and  shape. 


ABC 
Fig.  7. — So-callbd  Vabiolitb,  a  Marginal  Phase  op  the  Quabt25-Porphtrt, 
Made  Up  op  Sbcondabt  Quartz  and  Actinolitb.  Thb  Apparent  Pecuijar 
Spherulitic  Structure  Shown  in  the  Photograph  is  a  Secondary  Develop- 
ment. A,  ACTINOLITE  IN  FiBROUS  PATCHES  BORDERING  THE  FiNE  QUARTZ  AGGRE- 
GATES. B,  Fine  Secondary  Quartz.  C,  Coarser-grained  Nucleus  op  Secondary 
QuABTZ.    Crossed  Nicols.     X  24. 

Veinlets  occur  which  include  chlorite  and  the  sulphides.  The  banded 
nature  of  the  secondary  quartz  is  also  apparent.  The  interior  struc- 
ture of  the  quartz  grains,  their  outline  and  irregular  shape,  features  which 
are  not  brought  out  clearly  except  under  crossed  nicols,  suggest  the 
replacement  of  porphyritic  material. 

The  photograph  of  a  polished  section  of  the  ore.  Fig.  6,  shows  the 
distribution  of  the  pyrite  and  chalcopyrite.  The  minerals  occur  partly 
disseminated  as  small  crystalline  aggregates  in  the  quartz  mass  and 
partly  concentrated  along  veinlets  and  channels  between  the  quartz 
grains.  They  appear  to  have  been  deposited  simultaneously,  though 
somewhat  later  than  the  period  of  silicification  of  the  quartz-porphyry. 
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The  chlorite  occurs  within  and  around  the  sulphides  as  patches,  and 
possibly  actinolite  along  with  it  as  needles,  occupying  with  the  sulphides 
the  spaces  and  channels  between  the  quartz  grains.'  The  chlorite  is 
believed  to  have  formed  from  the  ferromagnesians  of  the  original  rock, 
incident  with  its  silicification,  and  to  have  had  some  influence  on  the 
precipitation  of  the  sulphides.  As  a  mineral,  it  is  too  universal  an  altera- 
tion product  to  have  a  more  direct  significance.  The  actinohte  will  be 
discussed  later  in  connection  with  the  associated  rocks. 


Fia.  8. — QuARTz-DioRiTE,  Typically  Granitoid  in  Texture  and  Made  Up  of 

iNTBRLOCKINa  GRAINS  OP  PLAGIOCLASE,  QUARTZ,  AND  HORNBLENDE.      IlMENTTE  AND 

Apatite  are  Accessory  Minerals.  Pyritb  Occurs  in  the  Rock  and  may 
Possibly  be  Primary,  as  It  Dobs  Not  Appear  to  Cut  the  Other  Crystals, 
Plane  Liqht.     X  24. 

A  peculiar  marginal  phase  of  the  quartz-porphyry  has  been  developed 
at  the  northeast  edge  of  the  orebody  near  the  dikes  for  which  the  name 
variolite,  se6  Fig.  7,  has  been  suggested  on  account  of  its  peculiar  spheru- 
litic  structure.  But  varioUte  is  a  variety  of  basaltic  glass.  The  apparent 
spherulitic  structure  here  is  merely  a  peculiar  secondary  development  of 
quartz  and  actinohte. 

The  QuartZ'Diorite 

The  granite,  on  account  of  the  predominance  of  plagioclase  feldspar, 
is  best  termed  a  grano-diorite  or  quartz-diorite.    It  is  a  speckled,  greenish- 
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gray  and  white  rock  showing  abundant  hornblende  and  plagioclase,  with 
quartz,  in  large  interlocking  grains.  It  shows  some  slight  fracturing,  and 
zonal  growth  of  plagioclose.  The  feldspar  is  basic  in  composition,  probably 
labradorite,  and  comparatively  free  from  alteration.  Some  carboniza- 
tion is  observable  in  the  feldspar,  and  the  hornblende  is  largely  changed 
to  chlorite.  Ilmenite  and  apatite  are  accessory  minerals,  some  of  the 
apatites  being  2  to  3  mm.  in  length.  Pyrite  occurs  in  the  rock  and  may 
possibly  be  primary,  since  it  does  not  appear  to  cut  structures  in  the  other 
minerals  to  any  considerable  extent  (see  Figs.  8,  9,  and  10). 


Fig.  9. — Same  Rock  as  Fiq.  8,  Showing  Zonal  Growth  of  Plaqioclase,  Also 
THB  Development  of  Chlorite  from  Hornblende.    Crossed  Nicols.     X  24. 


The  ''Old  Basic'' 

This  body  is  intrusive  into  the  quartz-porphyry  as  laccoUths  and 
numerous  steep  and  inclined  dikes.  It  is  a  dark  gray  felsitic  rock, 
weathering  on  its  surface  to  a  whitish  limonite  coating.  Though  felsitic, 
it  does  have  a  few  very  small  feldspar  phenocrysts  (see  Figs.  11  and  12). 
The  rock  is  composed  of  small  criss-crossed  columnar  crystals  of  plagio- 
clase  with  some  larger  irregular  grains  of  the  same  mineral.  All  are 
surrounded  by  paJe  green  actinolite  and  chlorite,  derived  from  altered 
pyroxene,  and  small  grains  of  magnetite  are  scattered  through  the  mass. 
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Quartz  is  present  in  small  grains  but  is  very  largely  of  secondary  origin. 
Small  and  sparse  crystals  of  pyrite  occur  associated  with  patches  of 
chloritic  material  and  actinoUte.  The  heavy  iron  content  in  magnetite 
attests  to  the  basic  character  of  the  rock,  the  magnetite  having  also 
resulted  from  the  alteration  of  the  pyroxene.  Evidently  the  ferro- 
magnesian  minerals  were  unstable  imder  conditions  which  did  not  aSect 
the  feldspars.  The  rock  is  an  imusual  type,  though  composed  of  common 
minerals,  and  may  be  called  an  andesine  basalt. 


Fig.  10. — This  Photomicrograph  is  Similar  to  Fig.  8.  It  Shows  Abundant 
Plagioclasb,  Quartz,  and  Hornblende.  Magnetite,  Possibly  Ilmbnitb,  is  a 
Prominent  Accessory  Mineral,  and  Apatite  Crystals  of  Fairly  Oood  Size  are 
Scattered  through  the  Rock.  Alteration  has  Affected  Most  of  the  Feld- 
spars TO  Some  Extent,  Attacking  Them  along  Structure  and  Fbactubs 
Lines.    Plane  Light.     X  24. 

Fig.  13  illustrates  one  of  the  thin  sections  under  high  power,  and  shows 
very  clearly  the  small  fibrous  crystals  of  actinolite  associated  with  the 
magnetite.  As  above  stated,  the  actinoUte,  and  probably  most  of  the 
magnetite,  is  regarded  as  a  metamorphic  derivation  from  the  original 
pyroxene  in  the  rock,  pseudomorphs  of  which  are  common  through  it. 
Pyrite  also  occurs  in  places  penetrated  by  crystals  of  the  actinolite,  tend- 
ing to  the  belief  that  this  mineral,  as  well  as  the  pyrite,  is  made  up  partly 
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of  introduced  material.    However,  the  pyrite  may  have  formed  aroimd 
the  actinolite  at  a  later  stage  without  replacing  it. 

Slope  Dike 

This  rock,  Fig.  14,  belongs  to  the  older  dike  series.  It  is  dense,  black 
and  felsitic,  very  much  resembling  the  "Old  Basic,"  if  indeed  it  is  not 
the  same  rock.  It  includes  an  occasional  fine  patch  of  minute  pyrite 
crystals,  and  weathers  with  a  reddish  iron  stain.     The  structure  of  the 


Fig.  11. — Andesine  Basalt,  Showing  Pyroxene  Altered  to  Scattered 
Aggbsgatbs  of  Magnetite  with  Actinoute  and  Chlorite.  Feldspar  is  Promi- 
nent and  Appears  to  have  been  the  First  Mineral  to  Crystallize.  Its 
Varibty  is  Andesine.  Quartz,  Largely  Secondary,  is  Present  as  Small  Grains 
Throughout  the  Mass.  Though  Composed  of  Common  Minerals,  This  is  an 
Unusual  Type  of  Rock.    Plane  Light.     X  24. 

rock  may  be  described  as  a  network  of  small  columnar  crystals  of  plagio- 
clase  and  fibers  of  actinolite,  filled  in  with  irregular  grains  of  quartz 
and  magnetite.  A  few  fine  fractures  appear  which  are  healed  with  chlo- 
rite. Pyroxene  was  an  original  mineral,  which,  together  with  the  feld- 
spar, has  been  largely  altered  to  quartz  and  actinolite. 

Dolerite  Dikes 

The  material  of  these  dikes  varies  slightly  in  composition  and  greatly 
in  texture,  some  being  diabasic  and  others  basaltic.    All  the  material 


Digitized  by 


Google 


1738      PETROGRAPHY   OP  THE  MOUNT  MORGAN  MINE,  QUEENSLAND 

is  dark,  massive  and  more  or  less  felsitic.  Fig.  15  shows  the  diabaaic 
type.  It  is  made  up  of  roimded  irregular  grains  of  augite  in  a  plexus  of 
lath-shaped  crystals  of  feldspar.  The  feldspar  is  plagiodase.  The  au- 
gite grains  are  small  and  irregular  in  outline,  and  appear  to  fill  the  spaces 
between  the  crossed  crystals  of  plagiodase.  Alteration  has  changed 
a  considerable  portion  of  it  to  chlorite  and  actinolite,  part  of  which 
has  replaced  occasional  lines  and  twinning  bands  in  the  plagiodase. 
Alteration  has  also  changed  some  of  the  plagiodase  to  quartz.     This 
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Fia.  12. — Same  Rock  as  in  Fig.  11.    The  Texture  is  Ck)ARSBLT  Felsitic  to 

POBPHTRITIC,  AND  THE  CrISS-CROSSED  ARRANGEMENT  OP  THE  COLXTMNAR  PlaQIO 
CLASE     CtSTALS     IS     APPARENT.       ThERE    ARE    A    FEW    PlAOIOCLASB    PhENOCRTBTS 

Visible,  and  Magnetite  is  Distributed  Throughout.    Crossed  Nichols.     X  24. 

quartz  seems  to  have  been  derived  from  both  pyroxene  and  feldspar, 
being  penetrated  by  fibrous  actinolite  crystals  of  simultaneous  growth. 
However,  it  can  not  be  said  that  all  the  quartz  is  secondary,  for  in  the 
case  of  many  interstitial  grains,  the  traces  of  a  replaced  mineral  are  too 
sUght  to  make  it  possible  to  say  it  existed. 

The  term  Dolerite,  as  used  on  the  map,  while  indicating  rock  of  this 
general  character,  does  not  sufficiently  emphasize  the  important  struc- 
tural feature  shown  in  the  arrangement  of  the  f ddspars.  in  this  particular 
specimen,  and  it  would,  therefore,  be  more  properly  called  Diabase.  The 
idiomorphism  of  the  feldspars  with  respect  to  the  pyroxene,  as  shown  by 
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Fig.  15,  is  also  a  distinguishing  characteristic  of  diabase,  along  with  their 
columnar  structure  and  crisscross  arrangement. 

Similarly,  for  textural  reasons,  the  dolerite  shown  in  Fig.  16  is  more 
properly  called  basalt.  This  material  is  a  more  felsitic  variety  of  the 
rock  composing  this  group  of  dikes.  It  seems  to  possess  the  same  general 
alteration  effects  except  that  the  quartz,  if  present,  is  not  visible,  which 
might  argue  that  the  quartz  of  the  other  basic  rocks  is  entirely  secondary. 
In  the  ground-mass  are  many  fine  rods  of  plagioclase,  but  as  a  whole  it 


FiQ.  13. — Same  Rock  as  Figs.  11  and  12.  The  Higher  Power  Reveals  Small 
FiBBons  Crystals  op  Actinolite  Associated  with  the  Magnetite.  The 
Quartz  and  Plagioclase  are  Rather  Indistinct.  The  Actinolite,  and  Proba- 
bly Most  of  the  Magnetite,  is  Believed  to  be  Derived  from  the  Breaking 
Down  op  Original  Pyroxene  Under  the  Action  of  Siliceous  Magmatic  Waters. 
Plane  Light.     X  257. 

is  finely  felsitic  and  the  rock  a  typical  basalt.     It  contains  some  pyrite, 
which  is  generally  taken  to  be  an  introduced  substance. 

The  rock  of  the  East  Dike  is  a  dark  massive  diabase,  shown  in  Fig. 
17.  Quartz  occurs  in  much  the  same  relation  to  the  crisscrossed  colum- 
nar plagioclase  as  the  pyroxene,  and  because  this  quartz  may  be  partly 
primary  the  rock  might  well  be  called  a  quartz-diabase,  which  is  a  rather 
rare  rock.  In  this  original,  the  augite-pyroxene  and  plagioclase  have 
been]]^largely  changed  to  chlorite,  actinolite,  and  secondary  quartz.  The 
quartz  and  the  unaltered  plagioclase  are  penetrated  to  some  extent  by 
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fibers  of  actinolite.    The  scattered  magnetite  is  probably  also  secondary, 
and  pyrite  is  present. 

The  variation  in  texture  of  these  dike  rocks  is  mainly  due  to  different 
rates  of  cooling,  occasioned  either  by  the  influence  of  wall  rock,  which  may 
have  been  hot  or  cold,  or  by  the  thickness  of  the  dikes  themselves.  Their 
chemical  composition  must  also  have  exerted  a  strong  influence  on  the 
order  of  crystallization  of  the  minerals,  producing  the  tendency  to  idio- 
morphic  development  of  the  feldspar. 


Fia.  14. — Quarts-Basalt,  a  Felsitic  Complex  of  Plagioclase  and  Ptbozene 
Which  has  been  Partly  Altered  to  Quartz,  Actinolitb,  and  Maqnbtitb,  Leav- 
ing Only  a  Shall  Part  of  the  Plagioclase  Intact.  Part  of  the  Quartz,  How- 
ever, Appears  to  be  Original.  Abundance  of  Magnetite,  Part  of  Which  is 
Also  Primary.    Small  Carbonate  Vein.    Plane  Light.     X  24. 

Summary 

It  will  be  seen  from  the  descriptions  above  that,  aside  from  the  quartz- 
porphyry,  the  principal  rocks  associated  directly  with  the  ore  are  basaltic 
in  character.  They  contain  quartz,  part  of  which  I  judge  to  be  primary 
and  part  secondary.  Magnetite  is  widely  distributed  and  appears  to 
have  resulted  in  large  part  from  the  breaking  down  of  the  original  ferro- 
magnesian  minerals.  The  rocks  have  imdergone  great  change,  but  do 
not  appear  to  have  been  much  affected  by  superficial  weathering. 

The  strong  development  of  actinolite  in  all  the  specimens  indicates 
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either  the  alteration  of  pyroxene  and  plagiodase  by  solutions,  or  their 
change  to  a  more  stable  mineral  under  conditions  of  regional  metamor- 
phism.  The  first  is  more  probable,  since  there  is  not  the  slightest  evi- 
dence of  metamorphism  in  the  surrounding  grano-diorite.  The  pyrite  in 
the  basic  rocks  appears  to  be  later  than  the  actinolite,  but  as  a  whole  is 
probably  associated  with  the  same  period  of  alteration  by  hot  solutions, 
the  phenomena  of  expiring  vulcanism.  It  is  not  known  whether  this 
pyrite  contains  gold  or  copper.     In  respect  to  the  actinolite,  it  is  not 


Fio.  15. — A  DiABASB  WTFH  THB  Charactbristic  Tbxturb.  Thb  AuGrTB  Grains 
ARE  Small  and  Irrbqular  in  Outune.  Much  of  thb  Ptroxbnb  has  bebn 
Changbd  to  Chloritb  and  some  Actinoutb.  Twinning  of  thb  Columnar 
Plagioclasb  Crtstaui  canbb  Sbbn.  Thb  Quartz  is  Probablt  Dbrivbd  from 
both  thb  Pyroxene  and  Feldspar,  Being  Penetrated  by  Fibrous  Crystals  of 

AcnNOLTTB  OF  SIMULTANEOUS  GROWTH.      ThE  NaME  DoLERITE  IS  AS   GoOD  A  OnE 

AS  Ant,  BUT  the  Usage  Varies  Among  Petrographers.    Crossed  Nicols.     X  24. 

possible  to  say  that  the  alteration  is  due  to  direct  igneous  influence;  but 
because  actinolite  is  generally  regarded  as  a  high-temperature  mineral 
there  is  the  possibiUty  of  regarding  it  in  much  the  same  light  as  tourma- 
line, on  the  presence  of  which  in  the  volcanic  copper  deposit  at  Braden, 
Chile,  the  primary  character  of  the  deposit  wad  regarded  as  certain. 

The  quartz  in  general  seems  also  to  be  a  result  of  metamorphic  action 
on  the  plagioclase  and  pyroxene,  penetrated  as  it  is  by  the  contemporane- 
ous crystals  of  actinolite.  Part  of  the  quartz  in  the  dikes,  however, 
must  be  primary,  as  the  sharp  outline  of  some  of  the  interstitial  grains 
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involve  difficulty  in  conceiving  the  replaced  original  if  these  particular 
quartz  grains  were  secondary.  Hence  the  basic  rocks  might  wdl  be 
called  quartz-basalts  and  quartz-diabases,  which  rocks  are  rather  rare 
occurrences. 

The  grano-diorite  or  quartz-diorite  intrusion  shows  some  evidence  of 
superficial  weathering,  but  otherwise  no  alteration,  and  is  considered  a 
fairly  fresh  igneous  rock.  Pyrite  is  present  in  it,  and  the  more  altered 
character  of  the  rock  near  the  quartz-porphyries  has  led  to  the  belief  that 
its  intrusion  had  something  to  do  with  the  formation  of  the  ores. 


Fig.  16. — Basalt,  a  More  Finely  Fblsitic  Variety  op  the  Forbqoino  Rocks. 
BUT  Containing  Small  Scattered  Phenocrysts  of  Plagioclase.  In  the 
Ground-mass  there  are  Many  Little  Fine  Rods  of  Plagioclase.  Quartz,  if 
Present,  is  not  Visible.    Plane  Light.     X24. 

The  quartz-porphyries  are  thought  to  be  such,  rather  than  volcanic 
tuffs,  because  they  contain  no  material  foreign  to  the  composition  of  a 
crystalline  igneous  rock,  except  the  secondary  quartz.  By  this  quartz, 
however,  these  rocks  are  almost  entirely  replaced,  the  groimd-mass  com- 
pletely so,  and  on  this  account  their  appearance  under  the  microscope  does 
somewhat  resemble  that  of  siliceous  sinter.  From  the  specimens  exam- 
ined and  the  mapping  of  this  mass  as  quartz-porphyry,  jasper,  etc.,  its 
heterogeneous  character,  as  of  acid  extrusive  rock  in  general,  is  apparent. 
One  of  the  specimens  is  a  rhyolitic  porphyry  and  another  dacitic,  and  the 
structure  of  both,  as  already  described,  also  suggests  that  the  mass  is  an 
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ancient  surface  flow  of  large  extent.     The  later  intrusions  of  quartz- 
diorite  and  the  basic  rocks  have  further  altered  its  local  character. 

In  regard  to  the  sequence  of  the  different  igneous  masses,  it  seems  most 
reasonable  from  this  study  to  put  the  ''Old  Basic''  later  than  the  grano- 
diorite  and  of  the  same  age  as  the  Stope  Dike.  No  very  strong  structural 
evidence  to  the  contrary  is  shown  on  the  map,  as  the  two  apparent  in- 
trusions of  grano-diorite  into  the  "Old  Basic''  on  the  western  and  south- 
em  borders  of  the  mineralized  area  may  just  as  well  be  interpreted  as 


Q  Aug 

Fig.   17. — Original  Quartz-Diabase  in  Which  the  Augite  and  Plaqioclase 

HAVE  BEEN  LaRGELT   ChaNGED  TO  ChLORITE,  AcTINOLITE,  AND  QUARTZ.      ThE  DIA- 

BASic  Texture  is  Evident,  Pyroxene  and  Chlorite  Forming  a  Filling  between 
THE  Cho58Ei>! Columnar  Crystals  op  Plagioclase.  Actinolite  Needles  Pene- 
trate THE  Quartz  Which,  However,  in  Such  a  Basic  Rock,  must  be  Largely 
Secondary.    Plane  Light.     X  24. 

intrusions  of  ''Old  Basic"  around  spurs  of  the  grano-diorite,  and  the 
petrographic  evidence  we  have  in  addition  is  very  strongly  in  favor 
of  placing  the  "Old  Basic"  in  the  same  age  relation  to  the  grano-diorite 
as  the  two  systems  of  basic  dikes  which  cut  it.  All  the  basic-rock  types 
show  too  marked  a  mineralogical  and  textiu-al  similarity,  even  in  the 
character  of  their  alteration,  to  be  divided  into  two  periods  of  intrusion 
by  another  rock  of  opposite  character,  the  grano-diorite.  However, 
such  occurrences  are  not  unknown  in  the  history  of  rock  magmas. 
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According  to  this  interpretation,  the  relative  ages  of  the  diflferent 
masses  are  as  follows: 

Formation  Rock  Name 

9.  Sedimentaries — Mesozoic. 
8.  Faults. 

7.  "East'*  Dike  (Dolerite).  Quartz-diabase. 

6.  "North"  and  "South"  Dikes  (Diabase).  Quartz-basalt. 

5.  Andesite  Dikes. 

4.  "Old  Basic,"  "Stope,"  "East  and  West"  and  "Cross"        Andesine-  and  quartz- 
Dikes,  basalt. 
3.  "Flat"  Dike.(?) 

2.  Granite.  Quartz-diorite. 

1.  Porphyry.  Quartz-porphyry. 

The  ore  is  of  granular  secondary  quartz  containing  pyrite  and  chalco- 
pyrite  with  chlorite  and  actinolite,  a  highly  silicified  phase  of  the  quartz- 
porphyry.  No  evidence  of  a  brecciated  or  crushed  zone  appears  in  any 
of  the  slides  studied.  The  enrichment  has  been  derived  from  magmatic 
solutions,  and  there  is  no  reason  to  believe  that  the  pyrite  and  chalco- 
pyrite  were  deposited  at  diflferent  times.  The  more  abundant  occurrence 
of  the  sulphides  along  spaces  or  channels  between  the  grains  of  quartz, 
and  in  bands  or  streaks  through  the  gangue,  seems  to  indicate  that  they 
ivere  deposited  shortly  after  the  quartz  replacement,  rather  than  at  the 
same  tipae.  The  associated  chlorite  and  actinolite  seem  to  have  been 
derived  mainly  from  the  ferromagnesians  of  the  original  quartz-porphyry 
during  the  period  of  replacement  by  quartz. 

The  chlorite  seen  in  the  ore  is,  as  stated  before,  believed  to  have  no 
important  significance,  but  referring  to  Figs.  2  and  3,  the  strong  develop- 
ment of  actinolite  in  the  surrounding  quartz-porphyry  is  believed  to  be 
closely  associated  with  the  sulphide  mineralization.  If  such  is  the  case, 
the  presence  of  this  mineral  in  the  basic  dikes  might  imply  that  they 
had  to  do  with  the  enriching  solutions  rather  than  the  earlier  grano- 
diorite  intrusion,  as  actinolite  is  a  metamorphic  mineral  formed  either 
as  a  result  of  hot  water  action  or  of  direct  igneous  metamorphism.  It  is 
not  uncommon  to  find  it  at  the  contact  of  basic  with  quartzose  rocks, 
as,  for  instance,  near  the  periodotite  dikes  in  the  Franciscan  sandstone 
of  California,  which  formation  itself  is  highly  metamorphosed. 

It  might  be  noted  here  also  that  many  gold  deposits  are  associated  with 
basic  rocks,  and  the  further  structural  fact  can  not  escape  attention  that 
the  ore  deposit  here  occurs  near  the  intersection  of  two  systems  of  basic 
dikes.  Hence,  to  say  the  mineralization  was  contemporaneous  with 
these  dikes  seems  a  closer  correlation  of  the  data  than  to  associate  it  with 
the  earlier  grano-diorite,  for  there  are  numberless  other  points  in  the 
quartz-porphyry  near  the  grano-diorite  contact  where  enrichment  might 
have  occurred  and  did  not  do  so. 
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Nov.  1, 1916,  will,  as  far  as  possible,  be  published  in  the  January  BnUdin 
or  earlier,  thus  giving  good  distribution  among  the  members  in  advance 
of  the  meeting. 

The  Institute's  records  show  that  the  discussion  of  papers  is  very 
much  better  when  they  are  distributed  somewhat  in  advance  of  the  meet- 
ing instead  of  in  the  BvJletin  which  goes  out  immediately  preceding  the 
meeting. 


AMERICAN  MINING  CONGRESS 

The  American  Mining  Congress,  of  which  the  President  is  Carl  Scholx, 
and  the  Secretary  is  J.  F.  Callbreath,  and  of  which  many  of  the  officers 
and  directors  are  prominent  in  Institute  affairs,  has  extended  to  the  mem- 
bers of  the  Institute  a  cordial  invitation  to  attend  the  nineteenth  Annual 
Session  of  the  Congress,  to  be  held  at  the  La  Salle  Hotel,  Chicago,  Nov. 
13  to  16,  1916,  and  to  take  part  in  its  deliberations. 

The  morning  sessions  mil  be  general  meetings  at  which  the  attend- 
ance of  all  members  of  the  Convention  is  hoped  for,  and  which  will  be 
devoted  to  a  discussion  of  subjects  related  to  the  three  several  heads, 
"safety,"  "efficiency"  and  "conservation."  The  afternoon  meeting? 
will  be  divided  into  several  sections,  each  devoted  to  the  discussion  of 
subjects  of  interest  to  its  special  branch  of  the  industry.  It  is  planned 
to  have  all  papers  printed  and  distributed,  aUowing  the  author  a  limited 
time  in  which  to  present  the  salient  features  of  his  address  and  giving  up 
the  greater  part  of  the  time  to  a  discussion  of  the  subject  presented  by 
members  on  the  iQoor.  By  this  plan  it  is  hoped  to  have  a  free  expression 
of  opinion  and  to  provide  ample  time  for  reaching  conclusions  to  be  em- 
bodied in  resolutions  representing  the  best  thought  of  the  mining  industry. 


PERSONAL 

(Members  are  urged  to  send  in  for  this  column  any  notes 
of  interest  concerning  themselves  or  their  fellow-members.) 

Members  and  guests  who  called  at  Institute  headquarters  during  the 
period  August  1,  1916  to  September  10,  1916: 


C.  L.  Cantlev,  New  Glasgow,  N.  S. 

D.  A.  Coweu,  Ck>lumbus,  Ohio. 
Alexander  Deussen,  Houston,  Texas. 
Chas.  £.  Dntton,  Goldfield,  Nev. 

H«  S.  Smlaw,  Grand  Haven,  Mich. 
J.  M.  GiUette,  Swatsburg,  N.  Y. 
£.  Giroult.  San  Antonio,  Texas. 
Bertram  Grant,  Kingman,  Arizona. 
Ruger  W.  Hay,  Bisbee.  Arizona. 
C.  F.  Hendricks,  Cobalt,  Ontario. 
Stanley  C.  Herold,  San  Jose,  Gal. 
Lloyd  Hoffman,  Pottersville,  N.  J. 
Charles  Hunter,  London,  England. 
G.  Jansen,  Benkoelen,  Sumatra. 
T.  fi.  Jenks,  Oatman,  Arizona. 
Warren  Jenny,  Chanaral,  Chile. 


H.  M.  La  FoUette,  La  FoUette,  Tenn. 
Montrose  L.  Lee.  Montevideo,  Uruguay. 
V.  H.  McNtttt,  Billings,  Mont. 
J.  W.  Mailer,  New  York,  N.  Y. 
Edwin  W.  Mills,  Tul.  Mi  Chung,  Chosen, 

Korea. 
Francis  R.  Pyne.  Elizabeth.  N.  J. 
Frank  A.  Ray,  Columbus.  Ohio. 
John  A.  Rice,  £1  Paso.  Texas. 
W.  £.  Rice,  Ringwood  Manor,  N.  J. 
W.  H.  Staler,  Lynchburg,  Va. 
Ralph  H.  Sweetser,  Easton,  Pa. 
Kirby  Thomas,  New  Yopk,  N.  Y. 
Henry  Traphagen,  Union  Hill. 
M.  M.  Valerius,  Tulsa,  Okla. 
Wilfrid  B.  Wainewtl|^t,  London,  Eng. 


Walter  A.  Barrows,  Jr.,  of  Brainerd,  Minn.,  has  been  elected  president 
and  general  manager  of  the  Thomas  Iron  Co.,  Easton,  Pa.,  to  succeed 
Ralph  H.  Sweetser,  whose  resignation  of  several  months  ago  becomes 
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eflfective  Aug.  31.  Mr.  Barrows  has  had  an  extended  experience  in  blast- 
furnace and  iron-mining  work.  He  was  for  several  years  general  manager 
of  the  Shenango  Furnace  Co.,  and  for  5  years  past  has  been  engaged  in 
iron  mining  and  exploration  in  Minnesota. 

Edwin  S.  Berry  has  become  associated  with  Pope  Yeatman  and  will 
engage  in  consulting  mining  engineering  with  offices  at  111  Broad  way. 
New  York,  N.  Y. 

Dr.  G.  H.  Cox  and  D.  H.  Radcliff  have  opened  offices  in  Tulsa,  Okla., 
as  consulting  geologists. 

W.  R.  Hamilton  has  withdrawn  from  the  management  of  the  Monto- 
bello  Oil  Co.  He  has  opened  offices  in  the  Hobart  Building,  San  Fran- 
cisco, Cal.,  and  will  devote  his  time  to  general  engineering  work  in 
petroleum  and  metal  mining. 

George  B.  Holderer,  recently  manager  of  the  Furlough  Development 
Co.,  in  Arizona,  is  now  with  the  General  Chemical  Co.,  25  Broad  Street, 
New  York. 

Joseph  Jensen,  mineral  inspector  in  the  Field  Service  of  the  U.  S. 
General  Land  Office,  has  been  appointed  Assistant  Professor  of  Mining 
at  the  Carnegie  Institute  of  Technology,  Pittsburgh,  Pa. 

Robert  Livermore  has  resigned  as  manager  of  the  Kerr  Lake  Mine, 
Cobalt,  and  is  succeeded  by  H.  A.  Kee  of  the  Nipissing  Mining  Co., 
Cobalt. 

James  MacNaughton,  general  manager  and  vice-president  of  the  Calu- 
met &  Hecla  Mining  Co.,  is  to  take  up  his  residence  in  Boston  on  Dec.  1. 
He  will  continue  to  manage  the  company.  John  Knox,  superintendent, 
will  take  care  of  a  considerable  part  of  the  work  at  the  mine.  Mr.  Mac- 
Naughton  will  be  a  frequent  visitor  to  the  copper  country  and  there  will 
be  no  change  in  the  titles  of  the  two  men. 

Howard  C.  Paimelee,  formerly  Western  editor  of  Metallurgical  & 
Chemical  Engineering  of  New  York,  has  accepted  the  presidency  of  the 
Colorado  School  of  Mines. 

H.  W.  Ross  has  been  appointed  assistant  manager  for  Backus  &  Johns- 
ton Co.,  Casapulca,  Peru. 

Lyon  Smith  has  resigned  as  metallurgist  with  the  Snyder  Electric 
Furnace  Co.  of  Chicago,  and  has  gone  to  Florence,  Colo.,  to  be  Assistant 
Superintendent  with  the  River  Smelting  and  Refining  Co. 

Thomas  A.  Stroup  has  left  the  engineering  sta£f  of  the  Tennessee 
Copper  Co.,  and  is  now  engineering  assistant  with  the  Utah  Copper  Co., 
at  Salt  Lake  City,  Utah. 

WiUiam  Thomlinson,  managing  director  of  the  Seaton  Carew  Iron 
Co.  Ltd.,  West  Hartlepool,  England,  and  the  Carlton  Iron  Co.  Ltd.,  of 
Ferry  Hill,  jmd  Lieutenant  Colonel  in  the  Durham  Light  Infantry,  raised 
and  trained  for  Kitchener's  army  the  19th  Durham  Light  Infantry 
(Bantams)  and  the  22d  Durham  Light  Infantry  (Pioneers).  He  was 
at  one  time  at  South  Pittsburgh,  Tenn. 
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ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

Member,  Cornell  M.  E.,  graduate,  aged  31,  married.  Will  soon  com- 
plete 2  years'  engagement  in  the  Russian  oil  fields.  Eight  years'  prac- 
tical experience  in  drilling  for  and  producing  oil.  Can  speak  Russian 
fluently  and  some  French  and  German.  Open  for  engagement.  Inter- 
view after  August  15,  in  the  United  States.     No.  299. 

Member,  graduate  mining  engineer.  Married.  Aged  38.  For  past 
6  years,  general  superintendent  of  large  silver  mine  in  Mexico.  Desires 
connection  with  responsible  mining  company,  preferably  in  the  United 
States.  Has  had  15  years'  experience  in  the  United  States  and  Mexico, 
including  mine  engineering,  sampling,  examinations,  milling  and  mine 
superintendence.     No.  312. 

Metallurgist,  4  years'  experience  in  electric  furnace  operation  on 
steel,  ferro-alloys  and  smelting  of  ores,  both  practical  and  research, 
desires  position  as  metallurgist  or  superintendent.    No.  314. 

Member,  technical  mining  graduate.  5  years'  experience  in  coal  and 
metal  mines  and  construction  work.  Married.  Aged  27.  Employed 
at  present.     Interview  in  Salt  Lake  City  or  Denver.    No.  316. 

Member,  American,  aged  39,  married,  desires  position  as  superintend- 
ent or  mine  superintendent.  14  years'  experience  in  opencut  and  under- 
ground work.  12  years'  Spanish,  Portugese,  Cuban  and  Mexican  labor. 
Fluent  Spanish.  Good  training  in  first  aid  and  safety  first.  Specialty 
of  high  explosives  and  steam-shovel  work.  Good  costs.  Go  anywhere, 
but  tropics  preferred.  References.  Interview,  New  York  or  Philadel- 
phia.    No.  318. 

Member,  aged  29,  unmarried,  technical  graduate.  7  years'  varied 
experience  in  metal  mining:  3  years'  as  draftsman,  surveyor  and  assayer; 
4  years'  operating  experience  as  foreman,  superintendent,  and  manager. 
Good  health  and  habits.  References.  At  present  employed,  available 
on  short  notice.  Can  handle  men  eflHiciently  and  get  results.  Employ- 
ment with  reputable  company  desired,  preferably  as  foreman  or  super- 
intendent.    No.  319. 

Member.  Graduate  Columbia  School  of  Mines.  Single.  30  years 
old.  Six  years'  practical  experience,  5  years  in  Mexico  and  Central 
America.  Fluent  Spanish.  Good  organizer,  able  to  handle  men.  De- 
sires position  as  superintendent  or  assistant  in  metal  mine  in  U.  S.  or 
foreign  country.     No.  320. 

Young  technical  graduate  who^has  had  1  year's  post  graduate  work  in 
geology,  would  like  to  get  into  a  geological  department  or  to  work  as 
a  mining  engineer  in  engineering  or  mining  departments.  Willing  to 
go  anywhere.    No.  321. 
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LIBRARY 

American  Society  of  Civil  Engineers 
American  Institute  of  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institute  of  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  librarian 

The  Library  of  the  above-named  Societies  is  open  from'  9  a.m.  to  10 
P.M.,  except  on  holidays.  It  contains  about  70,000  volumes  and  90,000 
pamphlets,  including  sets  of  technical  periodicals  and  the  publications  of 
scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend 
a  portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  especial  attention.  The  Library  is  prepared  to  furnish  ref- 
erences and  photographic  copies  of  articles  on  mining  and  metallurgical 
subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish  gen- 
eral information  on  the  geology  and  mineral  resources  of  all  countries. 

All  commimications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent  more 
promptly  and  in  more  usable  shape. 

Library  Accessions 
PARTLA.L  List  Classified  by  Subjects 

Mining  and  Metallurgy 
CoAi.  Miners'  Pocketbook.    Ed.  11.     New  York,  1916. 

CONBTBUCTION  AND  OPERATION  OF  A  SlNQLE  TuBE  CRACKING  FuRNACE  FOR  MaKINQ 

Gasounb.  Technical  Paper  No.  161,  U.  S.  Bureau  of  Mines,  Washington,  1916. 
The  New  Anaconda.    July,  1916.     New  York,  Eugene  Mayer,  Jr.  &  Co.,  1916. 

(Gift  of  publisher). 
Elbmxntb  of  Mining.     By  George  J.  Young.     McGraw-EEill  Book  Co.,  Inc.,  New 

York,  1916.  Price  $5.  (Gift  of  publishers.) 
[Note. — ^This  exceedingly  useful  little  book  will  be  found  very  valuable  as  a  text- 
book and  reference  book  for  those  who  are  taking  up  the  subject  of  mining.  It  is 
written  in  a  way  which  will  commend  itself  to  teachers  and  to  those  beginning  the  sub- 
ject. It  covers  the  fundamental  principles  and  from  them  elaborates  on  different 
details  of  mining  practice;  the  relation  of  geology  to  minine,  and  other  related  topics. 
The  scope  of  the  book  is  shown  by  the  following  list  of  titles  of  chapters: 

Preface,  Introductory,  Prospecting,  Boring,  Drilling  for  Blasting  Purposes,  Rock 
Breaking,  Transportation  and  Hoisting,  Mine  Drainage,  Ventilation  and  Illumina- 
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Geology  and  Mineral  Resources 

American  Fertilizer  Handbook,  1916.  Philadelphia,  Ware  Broe.  Company,  1916. 
(Gift  of  publishers.) 

Coals  op  Letcher  County.  Ser.  IV,  Vol.  4,  pt.  1,  Kentucky  Geological  Survey, 
Frankfort,  1916. 

Geoloqt  of  the  Shawneetown  Quadrangle  in  Kentucky.  Kentucky  Geological 
Survey,  Frankfort,  1916. 

Oil  Shales  in  the  Port  Curtis  District.  Publication  No.  249,  Queensland  Geolog- 
ical Survey. 

Petroleum  Prospects  on  Bruny  Island.  Tasmania,  1916.  Report  by  Arthur 
Wade. 

Pbtroleitm  Withdrawals  and  Restorations  Affecting  the  Pubuc  Domain. 
Bull.  No.  623,  U.  S.  Geological  Survey,  Washington,  1916. 

Rapport  sur  les  Gisements  de  Cxtivre  des  Cantons  de  l'est  de  la  Province  de 
QuisEC.    By  J.  A.  Bancroft.    Quebec,  1916. 

The  Adelong  Goldfield.  Mineral  Kesources,  No.  21,  New  South  Wales.  Depart- 
ment of  Mines,  Sydnj^,  1916. 

The  South  Hemmskirk  Tin  Field,  with  maps.  Bull.  No.  21,  Tasmania.  Geolog- 
ical Survey,  Tasmania,  1916. 

Wolfram  Mines  of  Mount  Carbine.  Publication  No.  251,  Queensland.  Geolog- 
ical Survey,  Brisbane,  1915. 

Detailed  Report  on  Raleigh  County,  Summers  West  of  New  River,  and  the 
Coal  Area  of  Mercer  County,  by  C.  E.  Krebs,  assisted  by  D.  D,  Teets,  Jr..  with  a 
chapter  on  Kanawha  Marine  Fossils  by  Wm.  Armstrong  Price,  issued  under  date 
of  August  1,  1916,  with  topographic  and  geologic  maps.  Eastern  Raleigh,  Sum- 
mers and  Mercer  lie  within  the  sreat  New  River  and  Pocahontas  smokdeas  coal 
districts,  while  western  Raleigh  nolds  immense  deposits  of  Kanawha  Splint  and 

gas  coals.     Price  of  Report  with  case  of  maps,  including  soil  report  and  map, 
elivery  charges  paid  by  the  Survey,  $2.50.     West  Virginia  Geological  Survey, 
P.  O.  Box  848,  Morgantown,  W.  Va. 

General 

Chart  Showing  Prices  for  Non-ferrous  Metals  for  1898-March,  1916.     (Gift 

of  Daily  Iron  Trade.) 
The  Engineer  in  War.     By  P.  S.  Bond.     New  York,  1916. 
Methods  of  Sampling  Delivered  Coal.    Bull.  No.  116,  U.  S.  Bureau  of  Mines. 

Washington,  1916. 
Practical  Lubrication.    By  Lieut.  G.  S.  Bryan.     (Reprinted  from  Jour.  Amer.  See. 

of  Naval  Engineers,  Vol.  27,  Nov.  1915).     (Gift  of  The  Texas  Company.) 
Table  of  the  Eighty-four  Research  Papers  and  Scientific  Addrssbes  by  Sib 

Robert  Hadfield,  1888-1912.     (Gift  of  Sir  Robert  Hadfield.) 
Theory  and  Calculation  of  Alternating  Current  Phenomena.    Ed.  5.     By 

C.  P.  Steinmeta.     New  York,  1916. 
Training  of  our  Captains  of  Industry.    By  Sir  Robert  Hadfield.     (Reprinted 

from  Iron  and  Coal  Trades  Review,  June  9, 1916.)     (Gift  of  Sir  Robert  Hadfield.) 

Trade  Catalogs 

Chicago  Pneumatic  Tool  Co.,  Chicago-New  York.  Bull.  34-N.  Single  compres- 
sors steam  and  power  driven. 

Denver  Fire  Clay  Co.,  Denver,  Colo.     Catalog  D.  Case  Furnaces,  1916. 

E.  I.  Du  Pont  de  Nemours  &  Co.,  Wilmington,  Del.  Du  Pont  Magaxine. 
Aug.,  1916. 

Pelton  Water  Wheel  Co.,  New  York,  N.  Y.  Bull.  No.  9.  Pelton-Doble  Centri- 
fugal Pumps. 

Robertson-Cataract  Electric  Co.,  Buffalo,  N.  Y.  Illustrated  brochure  of  build- 
ings of  company,     pp.  21. 

Sbhth,  H.  Collier,  Detroit,  Mich.     Catalog  No.  50.    Quickwork  machinery. 


Sparta  Iron  Works  Co.,  Sparta,  Wis.    Sludge  bucket.    Aus.,  1916. 

Texas  Co.,  New  York,  N.  Y;    Lubrication,    v.  2,  No.  3;  v.  3,  No.  1-10.     Nov.,  1914 ; 

Aug.,  1916. 

Google 


Nov.,  1915.     Aug^  1916. 
Under-Feed  Stoker  Co.,  Chicago,  HI.     Publicity  Magazine.    Aug.,  1916. 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Aug.  1,  1916,  to  Sept.  10,  1916: 

Allen,  Louis  M.,  Jr.,  Chief  Mine  Sampler,  Old  Dominion  Min.  &  Smelt.  Co., 

Globe,  Ariz. 
Atkinson,  Chester,  Min.  Engr.,  Asst.  Supt.,  Smelt.  Dept., 

Cenro  de  Pasco  Mining  Co.,  La  Fundicion,  Peru,  South  America. 
Baker,  Clair  Lincoln,  Genl.  Mgr.,  Mexican  Dept.,  Amer.  Smelt.  &  Ref .  Co., 

1108  Mills  Bldg^  El  Paso,  Tex. 
Barrows,  Walter  A.,  3d,  Asst.  Supt.,  Blast  Furnaces,  Thomas  Iron  (Jo., 

Hellertown,  Pa. 
Bartholomew,  George  Pombrot,  Asst.  Cons.  Engr.,  Guggenheim  Bros., 

120  Broadway,  New  York,  N.  Y. 
Billow,  Elmer  E.,  Pres.,  National  Supply  Co.,  416  West  Grand  Ave,,  Chicago,  111. 
Brown,  Samuel  Rollins,  Mill  Supt.,  The  Plymouth  Cons.  Gold  Mines.  Ltd., 

Plymouth,  Cal. 
Buchanan,  R.  H.,  Chief  Engr.  of  Mines,  Delaware  &  Hudson  Co.,  Scranton,  Pa. 

Burns,  William Min.  Engr.,  Phelps,  Dodge  &  Co.,  Morenci,  Ariz. 

Campbell,  Arthur  Rot,  Genl.  Supt.,  Zinc  Dept.,  Umted  States  Smelt.  Co., 

413  Republic  Bide.,  Kansas  City,  Mo. 

Carlisle,  George  Lister,  Jr.,  Mining 14  Wall  St.,  New  York,  N.  Y. 

Chapman,  Raymond  M.,  Chemist  and  Met.,  Owner,  Indiana  Laboratories  Co., 

Ruff  Building,  Hammond,  Ind. 
Cleveland,  Curtis,  Chemist,  International  Lead  Ref.  Co.,  East  Chicago,  Ind. 
Cody,  Benjamin  H.,  Chief  Chem.,  The  Arizona  Copper  Co^  Ltd., 

P.  O.  Box  1003,  Clifton,  Ariz. 
CoE,  Harrison  Strbetbr,  Min.  Engr.,  The  Dorr  Company, 

810  Cooper  Bldg.,  Denver,  Colo. 
CoLEy  Carl  H.,  Asst.  Met.,  Smelter  Dept.,  Calumet  &  Arizona  Mining  Co., 

Douglas,  Ariz. 
Conner,  Wiluam  S.,  Min.  Engr.,  Braden  Copper  Co.,  Rancagua,  Chile, 

South  America. 
Coons,  Cosby  Crittenden,  Supt.  of  Coal  Mines,  The  Low  Moor  Iron  Co.  of  Va» 

Kay  Moor,  W.  Va. 

CoRDBS,  Frank Prest.,  Hubbard  Steel  Foimdry  Co.,  East  Chicago,  Ind. 

Crawford,  William  Elmer.  Mill  Supt.,  Compania  Beneficiadora  de 

Pachuca,  S.  A.,  Apt.  No.  1,  Pachuca,  Hidalgo,  Mexico. 

Crerab,  George Hammond  Mining  Company,  Glacier,  Wash. 

CuLLEN,  Joseph  F.,  Research  Chemist,  United  States  Smelt.  Co.,  Midvale,  Utah. 
Detjssen,  Alexander,  Geol.,  Humble  Associates — Oil  Producers,  Room  504, 

Stewart  Bldg.,  Houston,  Tex. 
Dick,  James  E Mgr.,  Akron  Mine,  Whitepine,  Colo. 


picKSOi>r,  Robert  Henry,  J\lin.  Engr^ Calumet  and  Arizona  Min.  Co.,  Bisbee,  Ariz. 

'.,  Old  Dominion  Copper  Mining  &  Smelting  Co., 

P.  O.  Box  815,  Globe,  Ariz. 


Duncan,  Harold  S.,  Min.  Engr.,  Old  Dominion  Copper  Mining  &  Smelting  Co., 


Eatok,   Arthur Cons.  Geol.,  1641  Euclid  Ave^  Berkeley,  Cal. 

EDGABy  Selwyn  C,  Jr.,  Pres.,  Edgar  Zinc  Co.,  910  Boatmen's  Bank  Bldg., 

St.  Louis,  Mo. 

Edwards,  Hugh  Robert Cons.  Engr.,  433  California  St.,  San  Francisco,  Cal. 

FoLLOwrrJi,  Dexter  Bemis,  Supt.  of  Sulphate  Dept.,  St.  Louis  Smelt.  &  Ref.  Co., 

Collinsville,  111. 
Fry,  Cabi*  Herbert,  Supt.,  Yellow  Aster  Mining  &  Milline  Co., 

Randsburg,  Kern  Co.,  Cal. 

Grei^fkiju  Donald  S Chemical  Engr.,  Mineral  Point  Zinc  Co.,  Depue,  111. 

GtLXjQAif,  JuteTiCE,  Min.  Engr.,  Mgr.,  Northern  Ore  Co., 

Edwards,  St.  Lawrence  Co.,  N.  Y. 
GuTEB,  Raymond,  Mining  and  examination,  Guyer  Hot  Springs,  Ketchum,  Idaho. 
HAaoi,  Karl  G.  C Chemist,  Arizona  Copper  Co.,  Ltd.,  Clifton,  Ariz. 
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Hampton,  Frank  Howabd  Franklin,  Engr.,  Braden  Copper  Co.. 

Rancagua.    Chile^   South   America. 
Hartmann,  Mariano  R^  O^vner  and  Mgr.,  Challacollo  Silver  Lixiviation  Plant, 
and  Mines,  Cerro  Gordo,  La  Granga,  Prov.  de  Tarapaca,  via  Iquique, 

Chile,  South  America. 

Hat,  Ruoer  W Min.  Engr^  Calumet  &  Arizona  Min.  Co.,  Warren,  Ariz. 

Hendricks,  W.  Homer,  Genl.  Sales  Engr.,  New  Jersey  Zinc  Co.. 

66  Wall  St.,  New  York,  N.  Y. 

Hyslop,  John  M Met.,  Hubbard  Steel  Foundry,  "Eaat  Chicago,  Ind. 

Johnstone,  James  O.,  Chemist,  International  Lead  Refining  Co., 

151st  &  McCook  Ste.,  East  Chicago,  Ind. 
EiRBY,  Alfred  George,  Min.  &  Met.  Engr.,  121  Howard  Park  Ave., 

Toronto,  Ont.,  Canada. 
Kirk,  Milton  D^Asst.  to  Prest.,  The  Davis  Coal  &  Coke  Co.,  Cumberland,  Md. 
KoBBB,  William  H.,  Petroleum  Engr.,  Pierce  Oil  Corpn.,  420  Olive  St.,  St.  Louis,  Mo. 
Lemke,  Carl  A.,  Aist.  Supt.  in  Charge  of  Concentrating  Dept., 

U.  S.  Smelt.  Co.,  Midvale,  Utah. 
Lindmueller,  Charles.  Supt.,  Groldschmidt  Detinning  Co.,  East  Chicago,  Ind. 
Llewellyn,  Paul,  Works  Mgr.,  Interstate  Iron  &  Steel  Co.,  East  Chicago,  Ind. 
Love,  Robert  G.,  District  Min.  Engr., 

Delaware,  Lackawanna  and  Western  R.  R.  Co.,  Scranton,  Pa. 

McRae,  Austin  Lee Director,  Missouri  School  of  Mines,  RoUa,  Mo. 

MacMichael,  Hugh  Renwick,  Chief  Engr.,  Southern  Dept., 

American  Smelt.  &  Ref.  Co.,  1108  Mills  Bldg.,  El  Paso,  Tex. 
Marshall,  Alexander  Fulton,  Chief  Engr.,  Red  Jacket  Cons.  Coal  &  Coke  Co., 

Red  Jacket,  W.  Va. 

Martinez,  Fidel  C Asst.  Met.  Engr.,  Chino  Copper  Co.,  Hurley,  N.  Mex. 

Minor,  Cyrus  Edward Engr..  Mining  Associates,  Ltd.,  Bonanza,  Colo. 

Morgan,  David Supt.,  United  Verae  Extension  Mining  Co.,  Jerome,  Ariz. 

Morse,  Gilbert  Livingston,  Asst.  to  Mine  Captain,  New  Jersey  Zinc  Co., 

Franklin,  N.  J. 

Motherwell,  William,  Met Colorado  Springs,    Colo. 

Olmstead,  Seymour  G,.  .Chief  Sampler,  Utah  Copper  Co.,  Bingham  Canyon,  Utah. 
OsBORN,  Walter  X.,  Cons.  Engr.,  United  Verde  Extension  Min.  Co.,  Douglas,  Ariz. 

Porter,   Rudolph Mgr.,   Federal  Lead  Co.,   Federal,    lU. 

Proctor.  Israel  O Min.  Engr.,  1450  Dewey  Ave.,  Butte,  Mont. 

Rider,  Ezra  B.,  Min.  Engr.,  Copper  Queen  Cons.  Mining  Co., 

P.  O.  Box  1224,  Bisbee,  Arii. 

Roberts,  T.  C,  Chief  Engr United  Verde  Copper  Co.,  Jerome,  Ariz. 

Robertson,  John  H.,  Min.  Engr .Box  1406,  Miami,  Ariz. 

Ross,  Clyde  Polhemus,  Min.  Geol.,  Asst., 

Old  Dominion  Copper  Min.  &  Smelt.  Co.,  Globe,  Ariz. 
Sandford,  John  J.,  Engr.,  Bunker  Hill  &  Siuuvan  M.  &  C.  Co^  Kellogg,  Idaho. 
Saunders,  Howard  P.,  Chief  Engr.  and  Supt.  Maintenance  and  Uonstruction, 

St.  Joseph  Lead  Co.,  Herculaneum,  Mo. 
Seamon,  William  H.,  Jr.,  Mine  Engr.,  Jos.  S.  Qualey  &  Co., 

Care  Harding  &  McKee,  404  Roberts-Banner  Bldg.,  El  Paso,  Tex. 
Sheffield,  Eugene  S.,  Min.  Engr.,  Departmental  Mgr., 

Care  Standard  Oil  Co.  of  New  York,  Producing  Dept.,  Peking,  China. 
Spencer,  Frank  Norton,  Asst.  to  Genl.  Mgr.,  The  New  Jersey  Zmc  Co., 

55  WaU  St.,  New  York,  N.  Y. 
Spraoue,  Charles  S.,  Pres.  and  Genl.  Mgr.,  Jumbo  Extension  Mining  Co., 

Goldfield,  Nev. 
Stewart,  Leighton,  Min.  Engr.,  Care  Hayden  Stone  &  Co., 

25  Broad  St^  New  York,  N.  Y'. 

Varlet,  Thomas Federal  Lead  Co.,  Flat  River,  Mo. 

Wahl,  Rot  Lesslie,  Chief  Min.-  Engr Inland  Steel  Co.,  Crosby,  AfJTin 

Walker,  Henrt  Y.,  M^r Tacoma  Smelt.  Co.,  Tacoma,  Wash. 

Wauchope,  Albert,  Mme  Supt.,  (Gold)  Sons  of  Gwalia,  Ltd., 

Gwaiia,  Western  Australia. 
Webster,  Ernest  B.,  Engr.,  with  Highway  Commission,  Re^a,  Sask.,  Canada. 

Wemplb,  Leland  E.,  Met Amencan  Zinc  Lead  &  Smelt.  Co.,  Hillsboro    111 

Wtsor,  Davidson  Charlton,  Geol.,  General  Chemical  Co.,  25  Broad  St.,  * 

New  York,  N  Y 
ZiESBMER,  Harry  M.,  Min.  Engr.,  Copper  Queen  Cons.  Min.  Co.,  Bisbee,  Ariz! 
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Associate  Member 
CooMBB,  A.  Palmer,  Care  The  Standard  Oil  Co.,  East  Ohio  Gas  Bldg.,  Cleveland,  O. 

Junior  Members  • 

Brennsn^Georoe  K Scottdale,  Pa. 

Harrod,  Wayne  A.,  Flotation  Operator.  Engels  Copper  Mining  Co.,  Keddie,  Cal. 
BLiRAOKA,  MiCHiTA,  PTof.  of  Min.  Ilngrg.  k  Met.,  Osaka  Higher  Technical  College, 

Osaka,  Japan. 

Holmes,  Georqe  F.,  Student Michigan  College  of  Mines,  Houghton,  Mich. 

Komar-of-Skte,  Georqe,  Min.  Engr.,  Care  American  Institute  of  Mining 

Engineers,  29  W.  39th  St.,  New  York,  N.  Y. 

Kupferstein,  Joseph  T Care  Producers  Oil  Co.,  Tulsa,  Okla. 

Lau,  Kaan 201  Bryant  Ave.,  Ithaca,  N.  Y. 

McDonald,  Carlton  K.,  Laborer,  American  Smelt.  &  Ref.  Co.,  Omaha  Plant, 

Omaha,  Nebr. 
Ovens,  James  Mason,  Student,  Michigan  College  of  Mines,  Houghton,  Mich. 
Repbtti,  George  W.,  Min.  &  Met.  Engr.,  The  Dorr  Company,  812  Cooper  Bldg., 

Denver,  Colo. 
Scroll,  Louis  A.,  Jr.,  Geol.  and  Min.  Engr.,  Producers  Oil  Co., 

Mayo  Bldg.,  Tulsa,  Okla. 

Spxtrnt,  Emil 802  Second  Ave.,  Astoria,  L.  I. 

SncxNEY,  William  Herzog,  Miner,  Tramway  Mine,  Anaconda  Mining  Co., 

Butte,  Mont. 
Wilson,  Harry  R.,  Chemist,  Care  Burma  Mines,  Ltd^ 

Nam  Tu,  Northern  Shan  States,  Burma. 

Woo,   Wai  Kyi 120  East  St.,   Houghton,   Mich, 

Yost,  Harold  W.,  Min.  Engr.,  C.  H.  Fulton,  Experimental  Zinc  Smelter, 

Boatmen's  Bank  Bldg.,  St.  Louis,  Mo. 
Total  Membership,  Sept.  10,  1916 6,748 

Candidates  for  Membership 

Application  for  Membership. — The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  that 
persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified. 
Members  of  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of  glancing 
through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Memoership, 
or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think  should  not  be  clas^ 
sified  in  accordance  with  the  list  given. 

Members 

The  following  persons  have  been  proposed  during  the  period  Aug.  1, 
1916,  to  Sept.  10, 1916,  for  election  as  members  of  the  Institute.  Their 
names  are  pubUshed  for  the  information  of  Members  and  Associates,  from 
whom  the  Conunittee  on  Membership  earnestly  invites  confidential  com- 
munications, favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  commimications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Arthur  Abraham  Arluck,  Cleveland,  O. 

ProiX)sed  by  J.  Bums  Read,  F.  A.  Fahrenwald,  Frank  R.  Van  Horn. 

Bom  1886,  Russia.  1907,  Cleveland  College  Preparatory  School.  1909,  Spen- 
cerian  Business  College.  1913,  Case  School  of  Applied  Science.  1913-14,  Miner, 
Anaconda  Copper  Min.  Co.,  North  Butte  Min.  Co.,  Butte,  Mont.     1914-15,  Leaser, 
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Miner,  Eaaton  Pacific  Mine,  Virginia  City,  Mont.     1915-16.  Const.  Engr.  and  Surface 
Foreman,  Cons.  Interstate-Callanan  Min.  Co.,  Wallace,  Idaho. 
Present  position:  City  Water  Works  Tunnel,  Cleveland,  O. 

Theodore  Newton  Bamsdall,  ^d^  Bradford,  Pa. 

Proposed  by  W.  L.  Bell,  Frank  A.  Ross,  L.  K.  Armstrong. 

Bom.  1878,  Titusville,  Pa.  Public  Schools  in  Titusville,  Pa.,  and  Bradford.  Pa. 
1899-1912,  Director,  Manufacturers  Gas  Co.,  Bradford,  Pa.  1906-08,  Vice-Pres., 
Ardixzone  Construction  Co.  actively  engaged  layins  sas  lines  in  Kansas.  1908^12, 
Pres.,  BamsdaU  Construction  Co.  lavins  gas  lines  in  Ohio,  Kansas  and  Okla.  1910  to 
date,  Treas.,JIighland  Gas  Co.,  Bradford,  Pa.  1909  to  date.  Director,  Potter  Gas  Co., 
Pittsburgh,  Pa.     1910  to  date.  Oil  Producer  in  Pennsylvania  and  Oklahoma. 

Present  position:  Treas.  and  Genl.  Mgr.,  Highland  Gas  Co. 

Carl  H.  Beal,  Muskogee,  Okla. 

Proposed  by  W.  R.  Hamdton,  W.  A.  Williams,  J.  C.  Branner. 

Bom  1889,  Westem  Kansas.  1905-09,  High  School,  Ukiah,  Cal.,  and  Palo  Alto. 
Cal.,  1909-12,  Leland  Stanford  Jr.  University,  A.  B.  in  Geology.  1914-15,  Ldand 
Stanford  Jr.  University,  A.  M.  Geolosy.  l^l^i  Asst.  GeoL,  Kern  Trading  A  Oil  Co., 
Coalinga.     1913-14,  Petroleum  GeoC,  with  Harry  R.  Johnson,  Los  Angeles,  CaJ., 


„  „  ology  reports  on  oil  properties  in  developed  and  prospective  fields  of  Calir 

fomia,  Montana,  British  Columbia  and  Alberta.  1914-15^  Asst.  Geol.  and  Mining, 
Stanford  University,  and  during  summer  of  1915  in  charee  field  work  of  summer  class. 
1915-16,  Oil  and  Gas  Inspector,  U.  S.  Bureau  of  Mines,  Muskogee,  Okla. 

Present  position:  Petroleum  Technologist,  U.  S.  bureau  of  Mines,  Washington, 
D.  C. 

Paul  Thomas  Benson,  Thane,  Alaska. 

Proposed  by  G.  T.  Jackson.  Joseph  Daniels,  £.  V.  Daveler. 

Bom  1889jPueblo,  Colo.  1908-11.  Colorado  School  of  Mines.  1911-12,  Univ.  of 
Washington,  B.  S.  in  Min.  Engrg.  1912-13,  Assayer  and  Asst.  Chemist,  Tacoma 
Smelt.  Co.  1913-14,  Assayer,  Alaska  Gastineau  Min.  Co.,  Jimeau,  Alaska.  1915, 
Foreman  of  Roll  Dept.,  Alaska  Gastineau  Min.  Co.,  Thane,  Alaska.  1915-16,  Fore- 
man of  Concentrating  Dept.,  Alaska  Gastineau  Min.  Co.,  Thane,  Alaska. 

Present  position:  Foreman  of  Concentrating  Dept.,  Alaska  Gastineau  Min.  Co. 

Thomas  Townsend  Brewster.  St.  Louis,  Mo. 

Proposed  by  B.  F.  Bush,  W.  J;  Jenkins,  H.  A.  Wheeler. 

Bom,  1867,  Saco.  Me.  Attended  Common  School.  Experience  and  study.  1882- 
83,  Blair  &  Truesdell,  Bankers,  Syracuse.  1883-86,  Salt  Springs  National  Bank,  Syra- 
cuse. 1886-88,  Acting  Treas.,  Sweets  Mfg.  Co.  (Rolling  Mills),  Syracuse.  188&-96, 
in  business  for  myself,  promoting,  representing  security  holders  in  various  corporations, 
specializing  in  coal  propositions  from  1890.  1896-98.  Mgr.,  Thomas  Carmichael, 
Trustee,  Kio  Grande  Coal  &  Irrigation  Co.,  Laredo^  Texas.  1898-1912,  Vice  Pres. 
and  G«nl.  Mgr.,  Rio  Grande  Coal  Co.  a  reorganization  of  next  above,  property  was 
sold  in  1912.  1902  to  date,  Vice-Pres.  and  Genl.  Mgr.,  Mt.  OUve  &  Staunton  Coal 
Co.  1910^12,  Vice-Pres.,  Coal  Operators'  Assn.  5th  and  9th  Dist.  of  Illinois.  1912 
to  date;  Pres.,  Coal  Operators'  Assn. 

Present  position:  Yice-Pres.  and  Genl.  Mgr.,  Mt.  Olive  &  Staunton  Coal  Co. 

Cecil  John  Brown^  Wallaroo,  South  Australia. 

Proposed  by  H.  Lipson  Hancock,  William  E.  Slee.  Albert  L.  Brown. 

Bom  1888,  Moonta,  South  Australia.  1893-1901,  State  Public  School.  1901-03, 
District  High  School.  1903-09,  Technical,  Mechanical  Draftsman,  Surv^  &  Chem- 
ical Courses,  Mechanical  and  Electrical  Engineering.  1910-15,  Civ.  Engineering 
Diploma,  International  Correspondence  Schools.  1903-05,  Junior  Dnutsman's 
Dept.,  Wallaroo  &  Moonta  Min.  &  Smelt.  Co.,  Ltd.  1905-08,  Mining  Engineering 
Draftsman  (Wallaroo  Mines)  Wallaroo  &  Moonta  Min.  &  Smelt.  Co..  Ltd.  1908-10, 
Surveyor,  Surface  &  Underground  (Wallaroo  Mines)  Wallaroo  &  Moonta  Min.  A 
Smelt.  Co.,  Ltd.  1910-16,  Engineering  Draftsman  &  Surveyor  (Wallaroo  Smelt. 
Works)  Wallaroo  &  Moonta  Min.  &  Smelt.  Co.,  Ltd.  1907-16,  Instmctor,  Art  & 
Science  Subjects,  Moonta  School  of  Mines,  evening  classes. 

Present  position:  Chief  Draftsman  and  Surveyor,  Wallaroo  Smelt.  Works. 

Godfrey  L.  Cabot,  Boston,  Mass. 

Proposed  by  R.  B.  Woodworth,  John  Hays  Hammond,  I.  C.  White. 
Born  1861,  Boston,  Mass.     1882,  Harvard  College,  A.  B.  Magna  Cum  Laude  in 
Chemistry.     Studied  in  Zurich  in  1883-84  with  Dr.  Greorge  Lunge  and  Prof.  Victor 
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Meyer.  Took  graduate  course  in  Harvard.  1882,  Employed  by  Samuel  Cabot.  Jr. 
1883,  in  expenmental  work  in  Natural  Gas.  1886,  in  partnership  with  L.  Cabot. 
1886-87,  made  sas  regulators.  From  then  to  present  time  busied  in  selling;  gas,  build- 
ing carbon  blacK  factories  and  operating  them.  Owning,  operating  drillmg  gas  and 
oiT wells,  laying  pipe  lines  distributing  and  selling  gas  on  an  increasmg  scale,  and  am 
now  busied  also  m  liquefying  Natural  Gas. 

Present  position:  Owner  of  five  carbon  black  plants.  Controlling  owner  of  two 
others.     Pres.,  Liquid  Fuel  &  Gas  Co. 

Harry  Blmer  Bullock^  Hazard,  Kj. 

Proposed  by  O.  G.  Petersen.  William  H.  Shearman,  Thomas  T.  Read. 

Bom  1883,  Packard,  Ky.  1903,  educated  at  Lincoln  Memorial  Univ.,  Cumberland 
Gap,  Tenn.  1904,  Brown  Univ.,  Providence,  R,  I.  Made  specialty  of  chemistrv 
and  mining  engineering.  No  degree.  1906,  Asst.  to  Genl.  Mgr.,  Old  Sterling  Iron  k 
Min.  Co.,  Antwerp,  N.  Y.  1907,  Supt.,  Bennett  Jellico  Coal  Co..  Trosper,  Ky.  1908, 
Pres.  and  GenL  Mgr.,  Trosner  Coal  Co.,  Trosper,  Ky.  1912,  Mgr.,  Poteau  Coal  and 
Mercantile  Co.,  Poteau,  Okla.  Also  Genl.  Mgr.,  Fort  Smith  Poteau  and  Wes- 
tern R.  R. 

Presentposition:  1914  to  date;  Pres.  and  Genl.  Mgr.,  Kentucky  Jewel  Coal  Co.  and 
Kentucky  Block  Coal  Co. 

Nonnan  L.  Calder,  Matahambre,  Pinar  del  Rio,  Cuba. 

Proposed  by  J.  Mark  Smith,  J.  U.  Jowett,  L.  D.  Albin. 

Bom  1887,  Hobart,  Tasmania.  1906,  Univ.  of  Tasmania.  1909-11,  1913-15, 
Columbia  Umv.,  M.  £.  1902-06,  Tasmanian  Smelt.  Co.,  Tasmania.  1907-09, 
Transvaal  Bischofif  Tin  Mine,  Transvaal.  1911-12,  Nevada  Cons.,  McGill,  Nev. 
1912-13,  Goldfield  Cons.,  Goldfield,  Nev.  1912-13,  Ray  Cons.,  Ray,  Ariz.  1916, 
Minas  de  Matahambre,  Matahambre,  Cuba. 

Present  position:  Asst.  Engr.,  Minas  de  Matahambre. 

Everett  Carpenter,  BartlesviUe,  Okla. 

Proposed  by  Alfred  J.  Diescher,  J.  C.  McDowell,  Henry  L.  Doherty. 

Bom  1884,  Holton,  Kans.  1911,  University  of  Oklahoma,  A.  B.  1908  and  1909, 
Asst.  Geol..  Oklahoma  Geol.  Survey.  1910,  Junior  Geol.,  U.  S.  Geol.  Survey. 
1911-16,  Cnief  Geol.,  Wichita  Natural  Gas  Co.  and  allied  concerns. 

Present  position:  Chief  Geol.,  Empire  Gas  &  Fuel  Co. 

Cairy  Clyde  Conover,  Springfield,  111. 

Proposed  by  G.  H.  Cox,  D.  H.  Radcliffe,  M.  M.  Valerius. 

Bom  1890,  Emporia,  Kans.  1896-1908,  Grammar  School  and  Hish  School, 
Carrollton,  Mo.  1908-12,  Missouri  School  of  Mines  and  Metallur^,  Rolla.  Mo., 
B.  S.  1912,  Mill  man  in  wet  mill  and  magnetic  mill.  Vinegar  Hill  Zmc  Co.,  Platte- 
ville.  Wis.  1913,  Chemist,  Chief  Chemist,  and  later  Asst.  Supt.,  National  Zmc  Co., 
Springfield,  lU. 

Present  position:  Asst.  Supt.,  National  Zinc  Co. 

Ralph  Augustus  Conrads,  Garfield,  Utah. 

Proposed  by  R.  C.  Gemmell,  H.  C.  Goodrich,  R.  H.  Hawley. 

Bom  1880,  Trenton,  Mo.  1897,  Grad.,  High  School,  Trenton,  Mo.  1904, 
Grad.,  Missouri  School  of  Mines,  B.  S.  in  Min.  Engrg.  1902,  Rodman,  on  R.  R. 
Construction  for  Arkansas  &  Choctaw  Ry.  in  Indian  Territory.  1904-05,  Concen- 
tration and  Assaying,  Utah  Copper  Co.,  Bingham  Canyon,  Utah.  1906-06,  Engr., 
Balaklala  Cons.  Copper  Co.,  Shasta  Co.,  Cal  1906-07,  Engrg.  and  Cyanide  mill. 
The  Annie  Laurie  Gold  Min.  Co.,  Kimberly,  Utah.  1907,  Engr.,  Cia.  Carbonifera 
Agujita.  of  South  America,  Sabinas,  Coah.,  Mex.  1907-11,  Engr.,  for  8  months, 
remainaer  of  period,  Asst.  Mgr.,  Esperanza  Min.  Co.^  El  Oro,  Mex.  1911-12,  Min- 
ing in  interest  of  myself  and  associates  in  Ter.  de  Tepic  and  Oaxaca.  Mex.  1912-13, 
A^.  Mgr.,  C^.  Minera  Las  Dos  Estrellas,  El  Oro,  Mex.  1913-14,  Mgr.,  Cia.  Minera 
Santa  Ana  Esperanxa,  Zac.,  Mex. 

Present  position:  Met.  Engr.,  Magna  Plant,  Utah  Copper  Co. 

John  Vipond  Davies,  New  York.  N.  Y. 

Proposed  by  W.  L.  Saunders,  Alexander  C.  Humphreys.  B.  F.  Cresson,  Jr. 

Bom  1862,  Swansea,  South  Wales.  Wesleyan  College,  Taunton,  England. 
Matriculated — Universitv  of  London.  1880-84,  Articled  Apprentice,  Parfitt  & 
JenkinB  of  Cardiff.  South  Wales.  Contracting  Engineers.  Principal  work.  Junction 
Dry  I>ock-Dock  Gates,  Bule  Docks,  Cardiff— Shaft  2,600  ft.  deep,  25  ft.  dia.  Ynysybwl 
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Colliery  and  machine  shop  practice.  1884-85,  Mine  Surveyor,  Collieries,  John  Vi- 
pond  &  Co.  1885-88^  Aist.  Engr.  <fe  Chief  Asst.  Blaenavon  Coal  &  Iron  Co.,  South 
Wales,  in  charge  erection  and  construction  blast  furnaces,  stoves,  coke  ovens,  regen. 
furnaces,  rolling  and  tire  mills — Bessemer  convertors  and  steelplants — limestone 
quarry  operations  and  brick  making  plants.  1888^-89,  Sei^oing  Imgr..  S/S  "Argus" 
of  Melbourne.  1889-90,  Engr.  &  Mgr.,  Anthracite  Coal  Bnquetting  plant,  Mahanoy 
City,  Pa.  1891  to  date;  Charles  M.  Jacobs  as  Cons.  Engr.  Principal  works:  East 
River  Gas  Tunnel  from  70th  St.,  New  York  to  Ravenswood;  Chief  En^.,  designed  and 
built,  W.  Va.  Short  Line  R.  R.;  Chief  Ensj.,  designed  and  built,  Kanawha  &  Poca- 
hontas R.  R. ;  Chief  Engr.,  desig[ned  and  built,  Atlantic  Ave.,  Improvement,  L.  I.  R.  R. ; 
Chief  Engr.,  designed  and  built.  Entire  tunnel  and  subway  system  of  Hudson  & 
Manhattan  R.  R.,  New  York  and  New  Jersey.  190fr-07,  Two  years  in  charge  for 
Contractors  of  Grand  Central  Yards  Improvements.  1904,  Cons.  Engr.,  Board  of 
Water  Supply  Detroit  on  Intake  Timnel.  Engineers  in  charge  of  construction  Hales 
Bar  Dam  across  Tennessee  River  near  Chattanooga  involvm^  pneumatic  pressure 
construction  for  foundations.  Engineers  in  charge  of  construction  of  19  miles  Aque- 
duct Tunnels  for  Mexico  City  Tramways  Co.  to  divert  waters  Laxaxalpam  River  to 
Necaxa  Dam.  Engineer  of  design  and  actually  in  charge  Construction  Astoria 
Tunnel  under  East  River,  N.  Y.,  for  Astoria  L.  H.  &  Power  Co.,  Tunnel  about  20  ft. 
dia.,  4.700  ft.  long.  Shaft  250  and  280  ft.  deep.  Consulting  Endneer  N.  Y.  Municipal 
Rw.  Co.  (B.  R.  T.)  on  Subway  Railway  developments  in  City  of  New  York.  Member 
Engineer  Board  Moffat  Tunnel  Commission,  Colorado,  reporting  on  Moffat  Tunnel 
through  Rocky  Mountain  Divide  (other  members,  D.  W.  Brunton  &  Finch). 
Present  position:  Vice-pres.,  Jacobs  &  Davies,  Inc. 

Graham  Barclay  Dennis,  Spokane,  Wash. 

Proposed  by  L.  K.  Armstrong,  Charles  H.  Goodsell,  F.  A.  Ross. 

Bom  1856,  Southampton.  England.  1865-76,  Cincinnati  Public  Schools.  Cin- 
cinnati Pharmacy  School,  Betnany  College,  West  Va.  1875-78,  Asso.  Editor.  Business 
Mgr.,  Journal,  Day  ton,  0. 1879-80,  Editor  and  Publisher,  Farmers'  Home,  Dayton,  0. 
1880-85,  Investment  Bankers,  G.  B.  Dennis  &  Co.,  Dayton,  O.  1885,  Editor  and 
Publisher,  Spokane  Miner,  Spokane,  Wash.  1886-88,  Pres.  and  Mgr.,  Muscovita 
Mica  Co.,  Spokane,  Wash.  1886-91,  Pres.  and  Mgr.,  Ross  Park  Elec.  Ry.  Co.jSpo- 
kane.  Wash.  1891-1916,  Pres.,  Old  Dominion  Min.  &  Mill.  Co.,  Spokane,  Wash. 
1893-96,  Pres..  Northwest  Min.  Asso.,  Spokane,  Wash.  1899-1916,  Pres.  and  Mct., 
Insurgent  Gold  Min.  Co.,  Spokane,  Wash.  1908-16,  Pres.,  Warehouse  k  Realty  Co., 
Spokane,  Wash.  1916,  Pres.,  Spokane  Mining  Mens'  Club,  Spokane,  Wash.  1916, 
Secy.  &  Treas.,  Spokane  Railway  &  Terminal  Co.,  Spokane,  Wash.  1890,  Vlce- 
Pres.,  Northwestern  Industrial  Exp.  Co.,  Spokane,  Wash.  1906-16.  Director, 
Exchange  National  Bank,  Spokane,  Wash.  1912-13,  Vice-Pres.  for  Washington, 
American  Mining  Congress,  Spokane,  Wash.  Have  held  like  positions,  within  the 
years  named,  and  many  otners  of  responsibility  and  trust.  Trustee  and  Treas., 
Jenkins  Univ.,  Spokane^  Wash.  Member,  Com.  Revision  Federal  Mining  Laws. 
Organizer  and  Director  and  Pres.,  Spokane  Publicity  Bureau,  for  the  years  1904-08. 
Some  experience  and  Real  Estate. 

Present  position:  A  number  of  above,  and  Pres.,  Spokane  Mining  Mens'  Club. 

Alfred  F.  Duggleby,  Santiago  de  Cuba,  Cuba. 

Proposed  by  Max  Roesler,  S.  B.  Patterson,  Jr.,  J.  T.  Singewald,  Jr. 

Bom  1893,  Brisbane,  Aust.  1915.  Colorado  School  of  Mines,  E.  M.  1910-11, 
Draughtsman,  American  Pneumatic  Action  Co.,  Davenport,  la.  1911,  Transitman, 
A.  R.  Boudinot,  Davenport,  la.  1912,  Miner,  with  E.  P.  Arthur,  Jr.,  Cripple  Creek, 
Colo.  1913,  London  Mines  Co.,  Apex,  Colo.  1914.  Transitman,  City  Eng.  Office, 
Davenport,  la.  1915,  Research  in  concentration  Titanium  Ores,  Titanium  Alloys 
Co.  in  connection  with  F.  W.  Traphagen,  Golden,  Colo.  1915-16,  Mgr.,  Gold  R«Bf 
Mines  Co. 

Present  position:  Mine  Supt.,  Juragua  Iron  Co. 

David  L.  Dunn,  Joplin,  Mo. 

Proposed  by  H.  A.  Buehler,  G.  B.  Coriess,  A.  F.  Truex. 

Born  1881,  Braidwood,  Bl.  1897,  Grad.,  Hiffh  School,  WeirCity,  Kans.  1902-05, 
Asst.  Engr.,  Central  Coal  &  Coke  Co.,  Weir  City,  Kans.  1905-06,  Resident  Ebigr., 
Central  Coal  &  Coke  Co.,  Bevier,  Mo.  1907-09,  Resident  Engr„  C.  E.  &  C.  Co., 
Huntington,  Ark.  1910-11,  Engr.,  and  Asst.  Supt.,  C.  C.  A  C.  (Jo.,  Rock  Sprinss, 
Wyo.     1912,  Asst.  Chief  Engr.,  C.  C.  &  C.  Co.,  Kansas  City,  Mo.     1913,  Rodent 
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Engr.,  C.  C.  &  C.  Co.,  Pittsburg,  Kans.     1913-15,  Supt.,  C.  C.  A  C.  Co.  Mines,  Pitts- 
position:  Stockholder  and  Manager,  Spengeon  Tiger  M.  Co.  and  Bumble 


hxakt  Kans. 
Present 


Bee  M.  Co. 

Harold  Clinton  Eddy.  San  Francisco,  Cal. 

Proposed  by  Arthur  F.  L.  Bell,  Albert  Burch,  M.  E.  Lombardi. 

Bom  1882,  Middleboro,  Mass.  1902-04,  Colorado  School  of  Mines.  1905,  Mass. 
Inst,  of  Technology.  1907-08,  Colorado  School  of  Mines,  E.  M.  1909-10,  Supt. 
Nevada  Belle  Helen  Mines  Co.  1910-11,  Supt.,  Orleans  Petroleum  Co.  1911-13, 
Victor  Electric  Co. 

Present  position:  1913  to  date;  Engr.,  Petroleum  Rectifying  Co.  of  California. 

Jay  L.  Emrich,  Durango,  Colo. 

Proposed  by  F.  C.  Gilbert,  L.  R.  Clapp,  P.  A.  Mosman. 

Bom  1888.  New  York,  N.  Y.  1908-12,  Colorado  School  of  Mines,  E.  M.  1912, 
San  Pedro  Gold  and  Copper  Min.  Co..  San  Pedro,  N,  Mex.  1913,  American  Smelt.  & 
Rcf.  Co.,  Leadville,  Colo.     1913-16,  American  Smelt.  &  Ref.  Co.,  Denver,  Colo. 

Present  position:  Chief  Chemist,  American  Smelt.  &  Ref.  Co.  ^ 

Fred  A.  Fair,  Boulder,  Colo. 

Proposed  by  M.  S.  Brandt,  R.  D.  George,  George  W.  Teal. 

Bom  1878,  Ottumwa,  la.  1898,  Grad.,  East  Denver  Hi^h  School.  1899-1902, 
School  of  Mines,  Golden.  1905,  classified  minerals,  as  assistant,  Univ.  of  Colo., 
Boulder.  1903-04,  Asst.  Engr.,  George  Evans  Gold  Pan  Placer,  Breckenridge,  Colo. 
1905,  U.  S.  Deputy  Mineral  Surveyor,  Colo.  1906,  Charge  of  construction  city  water 
system  of  the  City  of  Boulder  $500,000  plant.  1907-08,  City  Engr.,  City  of  Boulder 
Colo.  1909-10,  County  Surveyor,  Boulder  Co.,  Colo.  1911,  Engr.,  Water  users 
District  #6,  Colo.  1912,  Engr.,  Boston  Colorado  Power  Co.,  Colo.  1913,  Engr., 
Welington  Mines,  Nevada.  1914,  Engr.,  Nona  Mines,  Leadville.  1915,  Engr., 
Yellow  Pine  and  Logan  Mines,  Boulder.  1916,  Engr.,  Chief  Engr.  for  Boulder 
Tungsten  Production  Co.  Cons.  Engr.,  Tungsten  mountain  mine,  Logan.  Yellow 
Pine  and  Nona  group.  Also  County  Surveyor,  Boulder  County  and  if.  S.  Mineral 
Surveyor. 

Present  position:  Pres.  and  Genl.  Mgr.,  The  Fred  A.  Fair  Engrg.  Assn. 

T.  H.  Powers  Farr,  Jr«  Jackson,  Cal. 

Proposed  by  Bradley  Stoughton,  Benjamin  B.  Lawrence,  Charles  F.  Rand. 

Bom  1885,  Orange,  N.  J.  1903-07,  Princeton  Univ.,  A.  B.  1907-09,  Columbia 
School  of  Mines.  1909,  Aug.  and  Sept.,  American  Smelters  Securities  Co.,  Velardina, 
Mexico.  1909-10,  Engr.,  American  Smelters  Securities  Co.,  Matehuala^  San  Luis 
Potosi.  1911-14,  Examination  and  development  work  for  private  individuals  in 
Ecuador  and  Southern  Colombia,  South  America. 

Present  position:  Argonaut  Mining  Co. 

Tohn  Brainard  Fidlar,  Tulsa,  Okla. 
Proposed  by  H.  F.  Wright,  W.  E.  Homper,  Irvmg  Perrine. 

Bom  1892,  Davenport,  Iowa.  1916,  Iowa  State  College,  B.  S.  Besides  the  four- 
year  course  in  mining  engmeering,  I  received  a  year  of  graduate  work  in  geology  but 


did  not  write  a  thesis  necessary  for  a  Master's  degree.     1915,  Iowa  Greological  Survey. 
Present  position:  Geol.,  Gypsy  Oil  Co.,  working  in  the  Oklahoma  fields. 

Royce  Albert  Field,  Newcastle,  N.  S.  W.,  Aust. 

Proposed  by  David  Bidder,  G.  D.  Delprat,  E.  J.  Horwood. 

Bora  1889,  Lebanon,  Pa.  Public  Schools,  Lebanon,  Pa.  1905-00,  Lebanon  High 
School.  1909-13.  Pennsylvania  State  College,  B.  S.  in  Engrg.  1908-12,  Summer 
work,  Lebanon  Furnaces,  Pennsylvania  Steel  Co.  1913-15,  Blast  Furnace  Dept., 
Youngstown  Sheet  &  Tube  Co. 

Present  position:  1915  to  date;  Furnace  Foreman,  Blast  Furnace  Dept.,  Broken 
WU.  Proprietary  Co.,  Ltd. 

Martin  Fishback,  El  Paso,  Texas. 

Proposed  by  Kirby  Thomas,  W.  G.  Swart,  D.  W.  Shanks. 

Bom  1870,  Gudum,  Stmer,  Denmark.  1876-90,  Grade  and  High  Schools  in 
Denmark  and  special  instruction  in  polytechnics.  1893-96,  worked  in  the  mines  in 
Colorado  while  making  a  special  study  of  geology  and  mineralogy.  1896-99,  Asst. 
Mgr.,  Modoc  Cons.  Gold  Mm.  Co.,  Boulder  Co.,  Colo.     1899-1900,  operated  in  Crip- 
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pie  Creek,  €k>lo.  1900-10,  Did  field  and  examination  work,  Mexico  for  French  and 
British  clients  principally;  amone  those  were  the  Tharsis  Sulphur  A  Copper  Co.,  Glas- 
gow. 1910-12.  examination  ana  field  work  in  New  Mexico  and  Arizona.  1912-13. 
operated  Excelsior  Copper  Mine,  Organ,  N.  Mexico.  1913-15,  examination  ana 
field  work  in  Arizona  and  California. 

Present  position:  1915  to  date;  Mgr.,  Merrimac  Mine,  Organ,  N.  Mex. 

Howard  A.  Fitch.  Kansas  Citv,  Mo. 

Proposed  by  L.  D.  Ricketts,  David  Cole,  A.  G.  McGregor. 

Bom  1868,  Missouri.  1889,  Finished  Sophomore  year,  De  Paw  Universitj, 
Greencastle,  Ind.  1890*96,  Structural  Engr.,  Gillette-Herzog  Mfg.  Co.,  Minneapolis, 
Minn.  1897-1900,  Contracting  Engr.,  designmg  and  selling  steel  structures  for  mming 
and  smelting  purposes^  Gillette-Herzog  Mfs.  Co.,  office  at  Butte,  Mont.  1900-02,  Con- 
tracting Engr.,  Amencan  Bridge  Co.,  Salt  Lake  City,  Utah^  same  class  of  work  as 
above.  1902-07,  Chief  Engr.,  Minneapolis  Steel  and  Machmery  Co.,  Minneapolis, 
Minn. 

Present  position:  1907  to  date;  Pres.;  Kansas  Cit^  Structural  Steel  Co.  Manu- 
facturing steel  structures  for  mining,  miUmg  and  smelting  purposes. 

Giles  Morton  Fritch,  Waterbury,  Conn. 

Proposed  byWilliam  H.  Bassett,  George  C.  Stone,  WiUiam  H.  Shearman. 

Bom  1887,  Wichita,  Kans.  189^1905,  Grade  Schools  and  High  School,  St.  Louis, 
Mo.  1905-07,  1911-13,  Univ.  of  Michigan,  B.  S.,  Met.  Chemistry.  1907-11,  Sales- 
man, New  St.  Ix)uis  Business  College,  Southwestern  Business  College,  American  Real 
Estate  Co.  of  N.  Y. ;  Dist.  Sales  M^.,  Terry-Swain  Publishing  Co.  1912-13,  Teaching 
Asst.  in  General  Chemistry  of  University  of  Michigan. 

Present  position:  Asst.  Met.,  American  Brass  Co. 

Aubrey  Hamilton  Gamer.  Astoria,  Ore. 

Proposed  by  Ralph  Amola.  Marion  L.  Thomas,  A.  Faison  Dixon. 

Bom  1889,  Ishpeming,  Mich.     1912,  Leland  Stanford  Jr.  Univ.,  B.  A.    1912  to 
date;  2  years  as  geologist,  1  year  as  field  manager  of  an  oiL  district,  Tlie  Caribbean 
Petroleum  Co.,  Venezuela. 
•    Present  position:  Field  Manager,  The  Caribbean  Petroleum  Co. 

Earl  Graham  Ga^ord,  San  Francisco,  Cal. 

Proposed  by  M.  E.  Lombardi,  E.  T.  Dumble,  J.  A.  Taff. 

Bom  1888,  Redland,  Cal.  1906,  Grad.,  High  School,  Redlands,  Cal.  1907-11, 
Univ.  of  Cal.,  B.  S.  1906-07,  Engrg.  Dept.,  City  of  Los  Angeles.  1911-14,  Field 
GeoL,  Southem  Pacific  Co.     191^16,  Geo!.,  Kern  Trading  and  Oil  Co. 

Present  position:  GeoL,  Kem  Trading  and  Oil  Co. 

Martin  Butler  Gentry,  Santiago,  Chile.  South  America. 

Proposed  by  William  Braden,  B.  B.  Thayer.  George  E.  Montandon. 

Bom  1886,  Kansas  City,  Mo.  190a-06,  Sheffieldf  Scientific  School,  Yale  Univ., 
Ph.  B.  1906-07,  School  of  Mines.  Columbia  University.  1908-09,  School  of  Mines, 
Columbia  University,  E.  M.  1908,  Mucker,  miner,  timber  man.  Tombstone  Cons. 
Mines  Co.,  Tombstone,  Ariz.;  Miner  and  shift  boss,  imperial  Copper  Co.,  Silverbell, 
Ariz.  1910-11,  Shift  boss,  engineer  in  charge  of  porphyry  development  and  drflling. 
Imperial  Copper  Co.,  Silverbell,  Ariz.  1911,  samplinK  department,  Nevada  Cons. 
Copper  Co.  mill.  1912,  Drilling  examination  in  Chue  for  William  Braden  and 
M.  Guggenheim  Sons  Cons.  1912-15,  Drilling  examination  and  development,  Chile 
Exploration  Co.,  Chuquicamata,  Chile.  Scout  examinations  in  Chile,  Bolivia  and 
Pern  for  Chile'  Exploration  Co.  1914,  Scouting  in  Northern  Brazil.  1914-15, 
personal  interests  coal  mining  in  Arkansas. 

Present  position:  Scouting  and  examination,  Andes  Exploration  Co. 

Philip  Raymond  Gleason,  Cerro  de  Pasco,  Pern,  South  America. 

Proposed  by  W.  J.  Tumer,  W.  S.  Bishop,  R.  K.  Stockwell. 

Bom  1891,  New  Canaan.  Conn.  1897-1904.  Primary  education,  New  Canaan, 
Grammar  School  and  Franklin  Grammar  School,  South  Norwalk,  Conn.  1904-09. 
High  School  training  at  Stamford,  Conn.  1909-12,  General  Met.  Engrg.,  Sheffield 
Scientific  School,  Yale  Univ.,  Ph.  B.  1912-14,  1  year  as  Chemist,  1  year  as  Bli»t 
Fumace  Foreman,  Braden  Copper  Co.,  Rancagua,  Chile. 

Present  position:  1914  to  date;  Fumace  Foreman,  Braden  Copper  Co. 
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Alfonce  Henry  Heller,  Keddie,  Cal. 

Propoeed  by  Thomas  T.  Read.  Donald  Dyrenforth,  £.  R.  Ramsey. 

Bom  1892,  Newman,  Cal.  Public  Schools,  Santa  Maria,  Cal.  1906-07,  Gym- 
nasium— ^Ulelsass;  Germany.  1007-11,  Santa  Maria  High  School.  1912-13,  Colo- 
rado School  of  Mmes,  full  credits.  1913-14,  Univ.  of  Cal.,  full  credits.  High  School 
vacation  periods,  oil  field  work.  1912,  Asst.  to  Supt.,  Bradley  Canyon  Oil  Co., 
Santa  Maria,  Cal.  1914-15,  Bayer  Chemical  Co.,  San  Francisco,  Cal.  1915-16, 
Flotation  operator,  Engels  Copper  Min.  Co.,  Keddie,  Cal. 

Present jKNrition:  Asst.  to  Mill  Supt.,  Engels  Copper  Min.  Co. 

Emil  Reinliard  Reo  Hennebach,  Garfield,  Utah. 
Proposed  by  Guy  M.  Kerr,  R.  W.  Sengler,  F.  K.  Blrunton. 
Bom  1887,  Leipzig,  Germany.     1912,  Grad.,  University  of  California,  Berkeley, 
Cal^  B.  S.     1912  to  ofate:  Foreman,  Chemist  and  Met.,  American  Smelt.  &  Ref .  Co. 
Present  position:  In  cnarge  of  Sampling  Dept.,  Garfield  Smelt.  Co. 

Artfaor  Houle.  Bisbee,  Ariz. 

Propoeed  by  Arthur  Notman,  Y.  S.  Bonillas,  Gerald  Sherman. 

Bom  1877,  Negaimee,  Mich.  1899,  Grad..  Michigan  College  of  Mines,  B.  S.  and 
K  M.  1899-1902,  Chemist  and  later  Met.,  Old  Dommion  Copper  Min.  &  Smelt.  Co. 
1002-04,  Supt.,  Emcampment  Smelt.  Co.  1904r-07,  Met.,  Calumet  &  Arizona  Min. 
Co.     1908-12,  Cons.  Engr. 

Present  position:  1912  to  date;  Supt.,  Shattuck-Arizona  Copper  Co. 

Charles  Taylor  Jobes,  Gila  Bend,  Ariz. 

Proposed  by  Henry  A.  Tobelmann,  J.  Owen  Ambler,  Carl  H.  Cole. 

Bom  1886,  Kosciusko,  Miss.  1906-09,  Missouri  School  of  Mines  and  Metallurgy, 
Rolla,  Mo.  1909-10,  New  Mexico  School  of  Mines,  Socorro,  N.  Mex.  1906,  Utah 
Copper  Co.  1907,  Chief  Eng-.,  Lucky  Tiger  Gold  Min.  Co.,  Kansas  City,  Mo. 
1910,  Supt.,  Gold  Dollar  Mines,  Sierra  Co.,  N.  Mex.  1911,  Universal  Smelt.  &  Ref. 
Co.  1912,  Asst.  Engr.,  Phelps,  Dodge  &  Co.,  Nacozari,  Son.,  Mex.  1913-14,  Pri- 
vate Mining  Ei^pneering  practice. 

Present  position:  1915  to  date;  Chief  Engr.,  Rowley  Copper  Mines  Co. 

G.  J.  Kapteyn.  Breckenridge,  Colo. 

Proposed  by  P.  M.  McHugh,  Charles  A.  Chase,  A.  L.  Blomfield. 

Bom  1883,  Groningen,  Holland.  1907,  Freiberg,  Saxony.  Civ.  Engr.  and  Min. 
Engr.  1908-10,  Asst.  Supt.,  Stratton  Independence,  Ltd.,  Victor,  Colo.  1910-11, 
Cyanide  Foreman,  Camp  Bird,  Ltd.,  Ouray,  Colo.  1911,  Engr.,  Crown  Chartered, 
Ltd.|  Porcupine,  Ont.  1912,  Engr.,  Swastika  Min.  Co.,  Swastika,  Ont.,  Engr., 
Rhemirold  Min.  Co.^  New  Year,  Mont.  1913,  Mill  foreman.  Beck  Min.  Co.,  Atlantic 
City,  Wyo.,  Mgr.,  Lmda  Ventura  Mines  Corpn.,  Wawa,  Nicaragua.  1915,  Mill  Supt., 
Bar  Principal  Min.  Co.,  Colombia. , 

Present  position:  Mgr.,  Jesse  Cons.  Mines. 

BnxweU  Newton  Kilboum,  Murray,  Utah. 

Propoeed  by  A.  H.  Richards,  C.  A.  Adams,  Jr.,  A.  L.  Labbe. 

Bom  1891,  Pueblo,  Colo.  1909,  Grad.,  Centennial  High  School,  Pueblo,  Colo. 
1018,  Cobrado  State  School  of  Mines.  Golden.  Colo.,  E.  M.  1913-14,  Asst.  in  experi- 
mental works.  International  Smelt.  «  Ref.  Co.,  Tooele,  Utah.  1914  to  date;  Asst. 
Chemist,  Asst.  Assayer,  Night  Supt.,  American  Smelt.  &  Kef.  Co.,  Murray  Plant,  Mur- 
ray, Utah. 

Present  position:  Night  Supt.,  Murray  Plant,  American  Smelt.  (&  Ref.  Co. 

Carl  H.  KithU.  Denver,  Colo. 

Propoeed  by  David  T.  Day,  Albert  H.  Fay.  Max  W.  Ball. 

Bom  1878,  Germany.  Studied  in  NUmberg  and  Munich.  Mining  engineer 
making  specialty  of  the  economics  of  graphite  and  monzite  and  other  rare  minerals. 
Cons.  Engineer  in  BrasU  and  Africa  Tor  the  Berlin  Rare  Minerals  Co.  and  subse- 
quently managinj;  director  of  that  corporation. 

FMent  position:  Mineir&l  Technologist,  Bureau  of  Mines. 

Paul  Henry  Eeinhammer,  Webb  City,  Mo. 

Fh>po6ed  by  H.  A.  Buehler,  A.  F.  Tmex,  W.  C.  Hogoboom. 

Bom  1890,  Platteville,  Wis.  1905,  Graded  Schools,  PlatteviUe,  Wis.  1905-11, 
Northwestem  CoUege,  Watertown,  Wis.  1913-14,  Wisconsin  School  of  Mines,  Plat- 
teville, Wis.  1913,  Surveyor's  Helper,  Wisconsin  Zinc  Co.,  Platteville,  Wis.  1913, 
2 


Digitized  by 


Google 


xviii  Monthly  Bulletin  No.  118,  Octobeb,  1916 

underground  experience,  Vinegar  Hill  Zinc  Co.     1914  to  date,  underground  and  sur- 
face workings,  Century  Zinc  Co.,  Joplin,  Mo. 

Present  position:  Asst.  Supt.,  Century  Zinc  Co. 


'.  Gary  Lindley,  Douglas.  Ariz. 

iposed  by  J.  Owen  Amoler,  H.  A.  Clark,  Carl  H.  Cole. 


Pro 

Bom  1888,  Moberly,  Mo.  1903-06,  Moberly  High  School,  Moberly,  Mo. 
1906-07,  Hemet  High  School,  Hemet,  Cal.  1908-09,  Univ.  of  Oregon,  Eugene,  Ore. 
1910-13,  Univ.  of  Arizona,  Tucson,  Ariz.,  B.  S.  in  Metallurgy.  1910,  summer, 
Chainman,  U.  S.  General  Law  Office  Survey.  1911,  summer.  Custom  Assayer,  E.  A. 
Jacobs,  Tucson,  Ariz.  1912,  summer.  Mine  Assayer  with  Fred  Tatum,  Oro  Blanco, 
Ariz.  1913,  Conveyor  Foreman,  C.  &  A.  Smelter,  Douglas,  Ariz.  1914,  Aast. 
Chemist,  C.  &  A.  Smelter,  Douglas,  Ariz.  1914-16,  Engr.,  National  Mines  &  Smelters 
Co.,  Magistral,  Dur.,  Mexico.     1916,  Chemist,  Douglas  Assay  Co.,  Douglas,  Ariz. 

Present  position:  Met.  Acct.,  Calumet  and  Arizona  Smelter. 

Thayer  Lindsley,  New  York,  N.  Y. 

Proposed  by  Robert  Livermore,  Halstead  Lindsley,  C.  Q.  Payne. 

Bom  1882,  Yokohama,  Japan.  1895-1900,  Milton  Academy,  Milton,  Mass. 
1901-04,  Harvard,  A.  B.  &  S.  B.  1904-05,  Rodman,  Rapid  Transit  Commission, 
N.  Y.  1905-09,  Engaged  in  scouting,  and  employed  in  mines,  mills,  and  cyanide 
plants  in  Idaho,  Colorado,  Nevada  and  Mexico.  1910-12,  Exploration  and 
scouting  for  mines.  1913,  Scouting  Engr.  for  the  Tonopah  Min.  Co.  1914-16, 
Examination  and  geological  work,  Goodrich  Lockhart  Co.,  New  York. 

Present  position:  Min.  Geol.,  Goodrich  Lockhart  Co. 


Robert  Davis  Lon^ear,  Minneapolis,  Minn. 

Proposed  by  E.  J.  Longyear,  John  E.  Hodge.  W.  J.  Mead. 

Bom  1892,  Petoskey,  Mich,  1910-14,  Williams  College,  A.  B.  1914^15,  Univ. 
of  Wisconsin,  M.  A.  1915-16,  Standford  Univ.  1912-14,  summer,  field  geology, 
E.  J.  Longyear  in  Michigan.     1915,  Geol.,  E.  J.  Longyear  Co.,  Sudbury,  Ont. 

Present  position :  E.  J.  Longyear  Co. 


Alexander  Neil  Mackay,  Barranquilla,  Rep.  of  Colombia. 

Proposed  by  A.  L.  Blomfield,  T.  A.  Rickard,  Arthur  W.  Allen. 

Bom  1877,  Aberystwith,  England.  1892-95,  General  education  at  Eastbourne 
College,  Sussex,  England.  1895-99,  Technical  education  at  The  Royal  School  of 
Mines,  London,  England,  graduating  as  Associate  R.S.M.  in  the  division  of  Mining. 
1900,  Asst.  Assayer,  Lake  View  Cons.,  Ltd^  Kalgoorlie,  W.  Aust.  1902-04,  Head 
Assayer  &  Cyanide  Mgr.,  Cosmopolitan  Proprietary,  Ltd.,  Kookyine.  W.  Aust. 
1905-07,  Asst.  Sampler,  Asst.  Survey  Office,  Head  Sampler,  successively,  on  East 
Rand  Proprietary  Mines^  Ltd^  Transvaal,  S.  Africa.  1908-11,  Asst.  Mgr.,  Cherokee 
Goldfields,  Ltd.,  San  Julian,  Chih.,  Mex.  1912,  1915,  Surveyor,  Underground  Mgr., 
Genl.  Supt.,  Frontino  &  Bolivia  (S.  A.)  Gold  Min.  Co.,  Ltd.,  La  Salada,  Antisquia, 
Rep.  of  Colombia,  S.  Amer. 

Present  position:  Genl.  Supt.,  Frontino  &  Bolivia  (S.  A.)  Gold  Min.  Co.,  Ltd. 

Bartlett  F.  Martin,  La  Harpe,  Kans. 

Proposed  by  E.  List.  H.  A.  Buehler,  Herbert  Taylor. 

Bom  1881,  Shelbyville,  111.  1898,  Common  schools.  1899-1903,  Hiijh  School, 
Shelbyville,  111.  1904-06,  Barnes  Med.,  St.  Louis,  Mo.  1906-08.  Umveraitv  of 
Missouri.  1908-09,  Winona  Technical  Inst.  1909-11,  Chemist,  Illinois  Steel' Co. 
1911,  Met.,  Black  Hills  Smelt.  Co.  1911-14,  Chief  Chem.,  Hegeler  Bros.  Zinc  Co. 
1915,  Chemist  and  Met.,  U.  S.  Smelt.  Co. 

Present  position:  Chief  Chemist,  La  Harpe,  Kans.,  Zinc  Plant,  U.  S.  Smelt.  Co. 

Sylvester  Edward  Martin,  Wallaroo,  So.  Aust. 

Proposed  by  H.  Lipson  Hancock,  William  E.  Slee,  Albert  L.  Brown. 

Bora  1887,  Moonta,  So.  Aust.  1892-1901,  Primary  &  State  School  Education. 
1901-0/,  Technical,  Mechanical  and  Electrical  Engineering,  Surveying,  Draftsman's 
and  Chemical  Courses,  Moonta  School  of  Mines,  So.  Aust.  1910-14,  Technical, 
Mining  Engineering  Diploma,  International  Correspondence  Schools.  1901-03, 
Mech^ical  Engineering  (Wallaroo  Mines),  Wallaroo  &  Moonta  Min.  &  Smelt.  Co., 
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Ltd.  1903-06,  Mechanical  and  Electrical  Engineering,  Wallaroo  &  Moonta  Min.  & 
Smelt.  Co-Llitd.  (Wallaroo  Smelt.  Works).  1906-09,  Engineering  Draftsman  & 
Surveyor  (Wallaroo  Smelt.  Works),  Wallaroo  &  Moonta  Min.  &  Smelt.  Co^  Ltd. 
1909-12,  KngineerinK  Draftsman  &  Surveyor  (Wallaroo  Mines),  Wallaroo  &  Moonta 
Min.  &  Smelt.  C!o.,  Ltd.  1912-14,  Engineering  Draftsman  and  Surveyor  (Wallaroo 
Smelt.  Works),  Wallaroo  &  Moonta  Min.  &  Smelt.  Co.,  Ltd.  1907-16,  Instructor 
Mechanical  and  Machine  Drawing,  Moonta  School  of  Mines,  evening  classes.  1915 
to  date:  Metallurgical  StafiF,  Wcdlaroo  Smelt.  Works. 
Present  position:  Asst.  Met.,  Wallaroo  Smelt.  Works. 

Harry  Auld  Bell  Motherwell,  Clifton,  Ariz. 

Proposed  by  W.  F.  Geiger,  M.  S.  Mazany,  C.  E.  Arnold. 

Bom  1872,  Glasgow.  Scotland.  1885,  Glasgow  High  School.  1887-89,  1897- 
98,  Glasgow  and  West  ot  Scotland  Technical  College,  1890,  Mill  worker  and  Chem- 
ist, Glengowan  Dveing  and  Bleaching  Works,  Scotland.  1899,  Chemist,  Lake  George 
Copper  Mines,  N.  S.  W.,  Aust.  1901,  Chemist,  Hercules  Gold  and  Silver  Mines, 
Tasmania.  1902,  Chemist.  Great  Cobar  Copper  Mines,  N.  S.  W.,  Aust.  1909, 
Chemist  and  Genl.  Asst.,  Scottish-Cardigan  liead  Mines,  Wales.  1910,  Grenl.  Asst. 
to  Chief  Enn:.,  Angola  Exploration  Syndicate,  Angola,  S.  W..  Africa.  (Messrs. 
Farrar  Bros..  London).  1911,  Assayer  and  Cyanider,  Taquah  Gold  Mine  &  Explora- 
tion Co.,  Gold  Coast,  W.  Africa.  1912-13,  Asst.  Engr.  and  Chemist^  Western  Orufu 
Mines^  Northern  Nigeria,  W.  Africa.  1914-15,  Met.  clerk,  and  miU  operator,  In- 
n>iration  Cons.  Copper  Co.,  Ariz..  1915-16,  Chemist,  International  Smelt.  Co., 
Ariz. 

Present  position:  Smelter  Chemist,  Arizona  Copper  Co. 

Robert  Aldridge  Nowliiif  Elkhom,  W.  Va. 

Proposed  by  John  J.  Lincoln,  H.  D.  Smith,  Howard  N.  Eavenson. 

Bom  1888,  Lynchburg,  Va.  1910,  Virginia  Mil.  Inst.,  B.  S.  in  Civ.  En^jrg.  1911- 
12,  Student,  Civ.  Engrg.  course,  Mass.  Inst,  of  Tech.  Several  summers  pnor  to  1906, 
Rodman  and  Chainman,  with  Maurice  Garland,  L^chburg,  Va.  1910.  surveying, 
mapping,  building  coal  washery,  reconstructing  tipple,  etc.,  responsible  for  work 
durmg  aosence  of  Chief  Engr.,  Kodman  and  Transitman,  Freebum  Colliery,  Edgar- 
ton,  W.  Va.  1910-11,  general  mining  construction,  surveying,  office  work,  plotting 
surveys,  designing  small  trestles,  etc.,  Transitman  and  Draftsman,  Vest  &  Cooper, 
Welch,  W.  Va.  1911,  Draftsman,  Pocahontas  (Va.)  Cons.  Collieries  Co.,  principally 
mine  work.  1912,  summer,  Transitman  and  Draftsman,  C.  L.  DeMott,  Lynchburg, 
Va.  1913-14,  general  mining  engineering,  Glen  Alum  Coal  Co.,  Glenalum,  W.  Va.  * 
Transitman  for  this  company  and  Gilliam,  Arlington  Shawnee,  and  Black  Wolf  Coal 
A  Coke  Companies,  next  to  Chief  Engr.  for  these  companies;  construction  work  at 
Glen  Alum  Coal  Co.  included  opening  a  new  piece  of  territory,  tramway,  830-ft.  steel 
conveyor,  steel  tipple,'railroad  tracks,  etc.,  at  Gilliam  Coal  &  Coke  Co.  a  picking  table 
was  added  to  old  tipple,  tracks  changed,  and  walls  built. 

Present  position:  1914  to  date;  Min.  Engr.,  Crozer-Land  Assn. 

Harry  Fordham  Noyes,  Newcastle,  N.  S.  W.,  Aust. 

Proposed  by  H.  D.  Hibbard,  G.  D.  Delprat,  David  Baker. 

Bom  1881,  Newton.  1900,  Newton  High  School.  1904,  Mass.  Inst,  of  Tech.. 
Dept.  of  Min.  &  Met..  S.  B.  1904-06,  Blast  Furnace  and  Bessemer  Dept.,  Maryland 
Steel  Co.  1906-10,  Night  Supt.,  New  Jersey  Zinc  Co.,  Palmerton,  fa.  1910-11, 
Supt.  of  Blast  Furnace,  Princess  Furnace  (Jo.,  Glen  Wilton,  Va.  1911-14,  Genl. 
Supt.,  Dayton  Coal  and  Iron  Co.,  Dayton,  Tenn. 

Present  position :  Supt.  of  Blast  Furnaces,  Broken  Hill  Prop.  Co.,  Ltd. 

Walter  S.  Palmer,  Reno,  Nev. 

Proposed  by  George  J.  Young,  J.  C.  Jones,  Bradley  Stoughton. 

Bom  1884^  Waterville,  Me.  1905,  Univ.  of  Nevada,  B.  S.  in  Min  and.  Met. 
.  1907,  Columbia  School  of  Mines,  E.  M.  1905,  Greene  Cons.  Copper  Co.,  Cananea, 
Mex.  1906,  Minins  and  Metallurgical  practice  in  the  field,  summer  months,  Virginia 
City,  Nev.,  and  WiDces-Barre,  Pa.  1907-08,  Mine  Surveyor,  U.  S.  Smelt.,  Ref.  and 
Min.  Co.,  Mammoth,  Cal.  1908-09,  Asst.  Chemist,  Balaklala  Cons.  Copper  Co., 
Coram,  Cal.  1909-10.  Min.  Engr.,  U.  S.  General  Land  Office.  1910-13.  Instructor 
in  Mining  and  Metallurgy,  Univ.  of  Nev.  1910,  Chemist  and  Assayer,  Nevada 
State  Mining  Laboratory.     1913,  Asst.  Prof,  of  Mining  and  Metallurgy,  Univ.  of  Nev. 

Present  position:  Chemist  and  Assayer,  Nevada  State  Mining  Laboratory  and 
Aflit.  Ftof.,  Mining  and  Metallurgy,  Mackay  School  of  Mines. 
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George  S.  Patterson,  Edwards^  N.  Y. 
Proposed  by  Homer  L.  Carr,  William  Campbell,  E.  J.  Hall. 
Bom  1892,  Denver,  Colo.     1914,  Columbia  School  of  Mines,  E.  M.     1914-16, 
underground  mining  operations  and  surveying,  New  Jersey  Zinc  Co. 
Present  position:  I^orthem  Ore  Co. 

Tohn  Lathem  Pearson,  Wallaroo  Mines,  So.  Aust. 

Proposed  by  H.  Lipson  Hancock,  William  E.  Slee,  Albert  L.  Brown. 

Bom  1871,  Alston^  Cumberland,  England.  1877-84,  Attended  Church  of  Endand 
Day  School  and  Pubhc  Schools,  England.  1885-87,  Studied  Mathematics  at  a  Night 
School,  Moonta  Mines,  S.  Amer.  1891-94,  1898-1901,  Attended  classes  at  Moonta 
School  of  Mines  in  Mine  Surveying,  Mineralogy,  Metallurgy,  Assaying,  Mechanical 
Drawing,  Steam  and  Practical  Chemistry.  1885-89,  Employed  in  Moonta  Mining 
Company's  Workshops  at  Moonta  Mines,  S.  A.  1889-93,  undergroimd  work  at 
Moonta  Mines.  1893-95,  Asst.  in  Survey  Dept.,  Wallaroo  &  Moonta  Min.  &  Smelt. 
Co.,  Wallaroo  and  Moonta  Mines.  1895-98,  In  charge  of  prospecting  operations  at 
Kalgoorlie,  Kanowna  and  Menzies,  Western  Aust.  1898-1902,  Underground  survey 
work  and  sectional  supervision  of  general  mining  work  for  Wauaroo  &  Moonta  Min. 
&  Smelt.  Co.  1902-03,  Asst.  Mme  Mgr^Nth.  Lyell  Mine,  Tasmania.  1903-09, 
Mine'  Mgr.,  Queensland  Copper  Co.,  Mt.  rerry,  Queensland.  1910,  Six  months  as 
Mine  Mgr.  at  Mt.  Jasper  Mme,  Heaziewood,  Tasmania.  1910-15,  Asst.  underground 
officer  at  Wallaroo  Mmes. 

Present  position:  1915  to  date;  Chief  imderground  officer.  Wallaroo  Mines. 

Fred  Hough  Perkins,  Glendale,  Aris. 

Proposed  by  Thomas  Armstrong,  W.  E.  Defty,  F.  W.  libbey. 

Bom  1876,  Kansas  aty,  Mo.  1886-92,  Ward  School,  Kansas  City,  Mo.  1893-96. 
High  School,  ICansas  City.  Mo.  1897-99,  Missouri  School  of  Mines,  B.  S.  in  General 
Science.  1900.  Missouri  School  of  Mines,  B.  S.  in  Min.  Engrg.  1898,  summer,  L.  X. 
Smith  Assay  Office,  Cripple  Creek.  Colo.,  also  Rio  Grande  Sampler  of  that  place. 
1899,  summer^  Perkins  &  Perkins,  Assayers^  also  Supt.,  Kopy  Kat  Lead  A  Zinc  Min. 
Co.,  Joplin,  Mo.  1900,  Asst.  Min.  Ener.,  Diamondville  Coal  and  Coke  Co.,  Diamond- 
ville,  Wyo.  1901,  Asst.  Engr.  and  Assaver.  Utah  Cons.,  Bingham  Canyon, 
Utah.  1902-03,  Cons.  Engr^  Red  Winc[  ^^^  Utali  Apex  Min.  Cos.,  Bingham  Canyon, 
Utah.  1904.  General  Min.  Engre.  specializing  in  mine  litigation.  1905,  Min.  E)ngr., 
Blue  Ledge  Min.  Co.,  Jacksonville,  Ore.  1907-08,  County  Engr.,  Jackson  Co.,  Ore. 
1909-15,  General  practice  of  Mine  Engrg.  in  Arizona. 

Present  position:  1915  to  date;  Gem.  Mgr.  Shamrock  Cons.  Min.  Co.,  Castle  Hot 
Springs,  Anz. 

Doha  Potter,  Houghton.  Mich. 

Proposed  by  A.  H.  Wohlrab,  F.  W.  Paine,  Reginald  E.  Hore. 

Bom  1878,  Sherwood,  Wis.  1911,  Michigan  College  of  Mmes,  B.  S.  1905-09, 
Mgr.,  Houghton-Alaska  Exploration  Co. 

Present  position:  1909  to  date;  Supt.,  Superior  Copper  Co.  and  Chief  Efficiency 
Engr.,  Calumet  &  Hecla  and  associated  mines. 

Walter  C.  Rea,  Ruth,  Nev. 

Proposed  by  H.  L.  Handley,  George  R.  Hilby,  W.  S.  Larsh. 

Born  1893.  Gallatm,  Mo.  1913,  Preparatory  work,  Wentworth.  1914,  Prepara- 
tory work.  Military  Academy,  Lexington,  Mo.  1914,  Mackay  School  of  Mines,  Univ. 
of  Nevada,  Reno,  Nev.  1914-15,  Surveyor,  Buckhom  Mines  Co.,  BuckhoriL^  Nev. 
1915,  Met.  Experiments,  Golden  Cycle  Mill,  Colorado  Springs.  Colo.  1915  to 
present.  General  Engineering  and  Chemist,  Nevada  Cons.  Copper  Co.,  Ruth,  Nev. 

Present  position:  Engr.,  Ruth  Mine. 

Donald  Duryea  Reed,  Kadina,  South  Australia. 

Proposed  by  H.  Lipson  Hancock,  William  E.  Slee,  Albert  L.  Brown. 

Bom  1890,  Wallaroo  Mines,  South  Australia.  1895-1904,  Public  SchooL  Wal- 
laroo Mines.  1904-06,  District  High  School,  Moonta.  1906-10.  Technical—School 
of  Mines,  Moonta,  Depts.  of  Drawing,  Chemistry,  Assaying  &  Mineralogy.  1906- 
11,  Met.  Assay  Dept.  (Wallaroo  Smelt.  Works)  &  Chemical  Laboratory  (Wallaroo 
Mines),  Wallaroo  &  Moonta  Min.  &  Smelt  Co.,  Ltd.  1911-16,  Assisting  in  Super- 
vising at  Converter  &  Electrolytic  Departments.  1915  to  date:  Mathematical 
Instmctor,  Moonta  School  of  Mines,  evening  classes. 

Present  position:  Asst.  Met.,  Wallaroo  &nelt.  Works. 
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Charies  Ramsay  Rineliart.  Allentown,  Pa. 

Proposed  by  F.  L.  Antisell,  S.  Skowronski,  Edward  Heller. 

Bom  1875.  Uniontown,  N.  J.  1899,  Grad.,  Lafayette  CJollege,  Civ.  Engr.  Tippett 
&  Wood,  Phillipsburg,  N.  J.  Great  Northern  Portland  Cement  Co.,  Marlboro,  Mich. 
Hudson  Portland  Cement  Co.,  Hudson,  N.  Y.  Seaboard  Portland  Cement  Co.,  Alsen, 
N.  Y.  Ldiigh  Car,  Wheel  and  Axle  Works^  Catasauqua,  Pa.  Fuller  Engineering  Co., 
Allentown,  Pa.    Lehish  Foundry  and  Lehigh  Stoke  Co.,  Catasauqua,  Pa. 

Present  position:  New  York  Representative,  Lehigh  Car.  Wheel  and  Axle  Works, 
Catasauqua,  Pa. ;  Fuller  Eng^eering  Co.,  Allentown,  Pa. ;  Lenigh  Foundry  and  Lehigh 
Stoke  Co.,  Catasauqua,  Pa. 

» 

Bernard  T.  Rocca,  Mayer,  Ariz. 

Proposed  by  J.  L.  White,  J.  N.  D.  Gray,  A.  F.  Bassett. 

Bom  1892,  Great  Western  Q.  S.  Mine,  Lake  Co.,  Cal.  1915,  Univ.  of  Cal..  B.  8., 
College  of  Mining.  1914,  General  work,  surface  and  undereround,  Helen  Quicksilver 
Mine,  Lake  Co.,  Cal.  1915  to  date,  surveying,  assaying,  draughting,  Cons.  Arizona 
Smelt.  Co.,  Humboldt,  Ariz. 

Present  position:  Engr.,  Bluebell  Mine,  Cons.  Ariz.  Smelt.  Co. 

C.  Floyd  Sapper.  Herculaneum,  Mo. 

Proposed  by  William  Allen  Smith,  Franz  Cazin,  S.  Paul  Lindau. 

Bom  1886,  St.  Louis,  Mo.  Grammar  School^  St.  Louis.  1908-10,  Univ.  of  Mis- 
souri, Mech.  En^rg.  1910-15.  Univ.  of  Missoun,  specialized  in  chemistry  and  allied 
subjects.  Substituted  credit  from  Univ.  of  Missoun  for  high  school  credit.  1904-06, 
Mill  Machine  and  Tool  Co.,  St.  Louis.  1906-08.  Engrs.  Dept.,  Century  Electric  Co., 
St.  Louis.  1911,  summer,  Mech.  Dept.,  Curtis  &  Co.  Mfg.  Co.,  St.  Louis.  1912-13, 
summers,  Drafting,  Herculaneum  pl^^t,  Engrg.  Dept.,  St.  Joseph  Lead  Co. 

Present  position:  1914  to  date,  Engrg.  Staff,  St.  Joseph  Lead  Co. 

Matthew  Tohnston  Scanunell,  Sparrows  Point,  Md. 

Proposed  by  Quincy  Bent,  Charles  F.  Rand.  Edgar  C.  Felton. 

Bom  1883,  Trenton,  N.  J.  1900,  High  School,  Trenton,  N.  J.  1905,  Lafayette 
College.  Easton,  Pa.,  B.  Sc.  Roebling  Sons'  Co.,  Trenton,  N.  J.  Republic  Iron  A 
Steel  Co.,  Yoimgstown,  O.  Carnegie  Steel  Co.,  Youngstown,  O.  M!aryland  Steel 
Co.,  Sparrows  Point,  Md. 

Present  position:  Genl.  Supt.,  Maryland  Steel  Co. 

Anton  Schneider,  Brewster,  Polk  Co.,  Fla. 

Proposed  by  David  Taylor.  Benjamin  L.  Miller,  George  W.  Engel. 

Bom  1871,  Summit  Hill,  Pa.  1892,  Lehich  Univ.,  C.  E.  1892-98,  Union  Pacific 
R.  R.  1898-99,  U.  S.  Engineers  at  Honolulu.  1899-1902,  Manhattan  Ry.  Co., 
New  York.  1902-04,  Cerro  de  Pasco  Co.,  Peru,  So.  Amer.  1904-06,  Alphons  Curtis 
Chimney  Const.  Co.  1905-08,  Div.  Engr.,  East  River  Tunnels,  Rapid  Transit 
Subway  Const.  Co.,  New  York.     1908-11,  Supt.,Pierce  Phosphate  Co.,  Fla. 

Present  position:  1911  to  date;  Supt.,  Amalgamated  Phosphate  Co. 

Arthur  S.  Shoffstall,  New  Brighton,  Staten  Island,  N.  Y. 

Proposed  by  Robert  S.  Stanley,  Walter  O.  Snelling,  E.  T.  McCleary. 

Bom  1876.  Jefferson  Co.,  Pa.  1895,  Public  Schools,  Brookville,  Pa.  1895-96, 
Preparatory  Dept.,  The  Pennsylvania  State  College.  1896-1900.  The  Pennsylvania 
State  Collie,  School  of  Natural  Science,  B.  S.  1905,  M.  S.  1900-01,  Asst.  in  the 
Chemical  LaboratorieB,  The  Pennsylvania  State  College.  1903-05,  Instmctor, 
Dept.  of  Chemistry,  The  Pennsylvania  State  College.  1905-07,  Supt.,  Sulphuric 
Acid  Plants,  E.  I.  duPont  Powder  Co.,  Gibbstown,  N.  J.  1907-08,  Supt.,  Acid  Plants, 
Naval  Proving  Ground.  Indian  Head,  Md.  1908-10,  Technical  Staff.  Orford  Copper 
Co.,  Bayonne,  N.  J.  1910-13,  Supt.,  Sheet  Mill  Dept.,  The  Intemational  Nickel  Co., 
Bayonne,  N.  J. 

Present  position:  Research  Engr.,  The  Intemational  Nickel  Co.,  Bayonne,  N.  J. 

Ellsworth  H.  Shriver,  Gillham,  Sevier  Co..  Ark. 

Proposed  by  George  A.  Morrison,  C.  W.  Whitley,  J.  H.  Frantz. 

Bom  1890,  Washington,  Pa.     1909,  Martins  Ferry  High  School.     1914,  Engr.  of 
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Mines,  The  Ohio  State  Univ.  1911,  Genl.  Engrg.  with  W.  C.  Fawcett,  C.  E.,  Martins 
Ferry,  O.  1911-12,  Asst.  County  Engr.,  Belmont  Co.,  O.  1913,  Genl.  Min.  Enm., 
Bellaire,  O.  1914,  Investigation  Coal  lAnds,  East  Ky.,  for  Major  J.  A.  Kirkpatrick, 
Springfield,  O.  1914-16,  Asst.  Dept.  Mine  Eng.,  The  Ohio  State  Univ.  1915-16, 
Investigation  Mineral  Lands  and  Water  Power  Sites,  The  Ohio  State  Univ. 
Present  position:  1916  to  date;  Met.,  The  American  Star  Antimony  Co. 

Daniel  SiUars,  Yorkshire,  England. 

Proposed  by  W.  R.  Walker,  J.  E.  Stead,  William  Thomlinson. 

Bom  1879.  Glasgow,  Scotland.  Three  years  apprenticeship  with  Messrs.  R.  R. 
Gatlock  and  Thomson,  City  Analysts  of  Glasgow.  Two  years  Metallurgy,  Glasgow  & 
West  of  Scotland  Technical  College,  Senior  Prizeman.  Eight  years  Metallurgical 
Chemist,  William  Beardmore  &  Co.,  Ltd.,  Parkhead  Forge,  Glasgow.  Five  years, 
Chief  Chemiist,  Messrs.  Seaton  Carew  Iron  Co^  Ltd.,  West  Hartlepool. 

Present  position:  Chief  Chemist,  Messrs.  Bolckow  Vaughan  &  Co.,  Ltd.,  Cleve- 
land Iron  &  Steel  Works,  South  Barik  S.  O.,  Yorkshire. 

Laurence  Heck  Stone,  Easton,  Pa. 

Proposed  by  Ralph  H.  Sweetser,  Harry  P.  Sweeny,  W.  Spencer  Hutchinson. 

Bom  1889,  Easton,  Pa.  1909,  Grad..  Easton  High  School.  1913,  Grad.,  Lafay- 
ette College.  E.  M.  1911,  summer,  Machinist  Helper,  Erection  shop,  Ingersoll-Rand 
Co..  PhilipsDurg,  N.  J.  1912,  summer.  Rod  and  Chain,  Genl.  Mgrs.  C^rps,  Lehigh 
Valley  R.  R.  1913,  Transitman  and  Surveyor,  Wilkes-Barre  Anthracite  Coal  Co., 
Wilkes-Barre,  Pa.  1913-14,  Asst.  Mine  Surveyor,  Thomas  Iron  Co.,  Richard  Mine. 
Wharton.  N.  J.  1914-16,  Mine  Surveyor  and  Engineer,  Thomas  Iron  Co.,  Richard 
Mine,  Wnarton,  N.  J. 

Present  position:  1915  to  date;  Asst.  Supt.,  and  Engr.,  Thomas  Iron  Co.,  Richard 
Mine. 

Charles  H.  Thole,  Rye  Valley,  Ore. 

Proposed  by  L.  A.  Walker,  Frank  W.  Parker,  A.  W.  MacNichol. 

Bom  1878,  Dwight,  111.  1896,  High  School.  1896-98,  So.  Dakota  School  of 
Mines.  1898-1902,  underground,  Homestake  Min.  Co^  Lead,  S.  D.  1905-06. 
Mine  Foreman.  Desert  King  Min.  Co.,  Ballarat,  Cal.  1907,  underground.  City  oi 
Los  Angeles,  Engrg.  Dept.  1908,  Leasing,  Aurora,  Nev.  1909-10,  Sampler,  Shift 
boss,  Assayer,  Ruby  Gulch  Min.  Co.,  Zortman,  Mont. 

Present  position:  1912  to  date;  Mill  Foreman,  Rainbow  Mine. 

James  Ezra  Thoms,  Depue,  111. 

Proposed  by  Robert  H.  Richards,  W.  M.  Kelsey,  D.  C.  Wray. 

Bom  1883,  Three  Rivers,  Mich.  Public  Schools.  1905-06,  Michigan  College 
of  Mines.  1908-10,  Engr.,  Live  Oak  Dev.  Co.,  Globe,  Ariz.  1910-13,  Asst.  Supt., 
U.  S.  Gypsum  Co.,  Gypsum,  O. 

Present  position:  1913  to  date;  Asst.  Chief,  Milling  and  Roasting  Dept.,  Mineral 
Point  Zinc  Co. 

Adolph  F.  Zang,  Denver,  Colo. 

Proposed  by  Irving  T.  Snyder,  D.  W.  Bmnton,  A.  E.  Carlton. 

Bom  1890,  Denver.  Colo.     1913,  Comell  Univ.,  A.  B. 

Present  position:  Director  and  Asst.  Treas.^  The  Vindicator  Cons.  Gold  Mining 
Co.:  Secy^  The  Cresson  Cons.  Gold  Min.  &  Mill.  Co.,  both  of  Cripple  Creek,  Colo. 
In  Bond  Dept.,  The  German  American  Tmst  Co.,  Denver. 

Associate  Members 

Walter  S.  McKee,  Chicago,  HI. 

Proposed  by  A.  C.  Ludlum,  Newton  Cleaveland,  Charles  Janin. 

Bom  1876,  Watervleit,  Mich.  1883-87,  Grammar  School,  St.  Charles,  111.  1887- 
96,  High  School,  Browning,  Mo.  1900,  Intemational  Correspondence  School,  Course 
in  drafting.  1897-99,  Asst.  Cashier,  Citizens  Bank,  Aledo,  111.  1899-1900,  Asst. 
credit  man,  A.  G.  Spalding  &  Co.,  Chicago.  1900-01.  In  the  accounting  department^ 
The  Sargent  Co.,  Chicago.  1901-02,  Salesman,  The  Sargent  Co.,  Chicago.  1902-10, 
Sales  Mgr^  Steel  Foundry  Dept.^  American  Brake  Shoe  and  Foundry  Co.,  Chicago. 
1910-11,  Genl.  Sales  Mgr.,  Amencan  Manganese  Steel  Co.,  Chicago. 

Present  position:  1911  to  date;  Vice-Pres.,  American  Manganese  Steel  Co. 
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Carlos  Enrique  Biichels,  Huanuni,  Bolivia,  So.  Amer. 

Propoeed  by  William  Braden,  Henry  G.  Ferguson,  Ira  B.  Joralemon. 

Bom  1889,  lima,  Peru.  1904,  Institute  de  Humanidades,  Santiago,  Chile. 
1906-07,  Draughtsman,  Braden  Copper  Co^  Chile.  1907-09,  Asst.  to  Chief  Engr., 
Braden  Copper  Co.,  Chile.  1910-12,  Met.  Dept.,  Braden  Copper  Co.,  Chile.  1913- 
14,  Asst.  Supt.,  LLallagua  Tin  Mines,  Bolivia. 

Present  position:  1915  to  date;  Supt.,  Met.  Establishment  and  Mill,  Simon 
Patino  Tin  Mines. 

T.  £.  Snvder,  Hazelton,  Pa. 

Proposed  by  A.  B.  Jessup,  Charles  Enzian,  J.  M.  Humphrey. 

Bom  1867,  St.  Johns,  Pa.  Midvalley  Coal  Co.,  Wilburton,  Pa.  Maiyd  Coal  Co., 
Maryd,  Pa.  J.  S.  Wentz  &  Co.,  Hazle  Brook,  Pa.  Upper  Lehigh  Coal  Co.,  Upper 
Lehigh,  Pa. 

Kr^ent  position:  General  Manager. 

Roger  W.  Straus,  New  York.  N.  Y. 

Proposed  by  Judd  Stewart,  P.  A.  Mosmazi,  Willard  S.  Morse. 
Bom  1891,  New  York.     1913,  Princeton,  Litt. 

Present  position :  Asst.  to  Chairman,  Board  of  Directors,  American  Smelt,  k  Ref . 
Co. 

Gttstave  C.  Taussig,  St.  Louis,  Mo. 

Proposed  by  George  O.  Carpenter,  Herman  Garh'chs,  Arthur  P.  Watt. 
Bom  1884,  St.  Louis,  Mo.     1902,  Grad.,  St.  Louis  High  School. 
Present  position:  Asst.  Secy.,  St.  Louis  Smelt,  k  Ref.  Co. 

Frank  J.  Gustin,  Salt  Lake  City,  Utah. 

Proposed  by  Ernest  Gayford,  C.  W.  Whitley,  C.  W.  Stimpson. 

Bom  1877,  Princeton,  HI.  1897,  L.  L.  B.,  University  of  Nebraska.  Member  of 
American  Bar  Association;  Utah  State  Bar  Association;  American  Institute  of  Crimi- 
nal Law.  Interested  directly  and  indirectly  with  a  number  of  mining  companies. 
Member  of  the  Bar  of  the  States  of  Nebraska,  Utah,  Nevada,  Idaho  and  United 
States  Supreme  Court. 

Present  position:  Attomey  at  Law.  Member  of  the  firm  of  Gustin,  Gillette  k 
Broyton. 

Junior  Members 

Harlowe  Hardinge,  Ithaca,  N.  Y. 

Proposed  by  H.  W.  Hardinge,  R.  B.  T.  Kiliani,  Ronald  Clark. 

Bom  1894,  Denver,  Colo.  1910-12,  Attended  Tome  School,  Port  Deposit,  Md. 
Have  been  on  a  considerable  number  of  extensive  trips  and  have  assisted  in  the  opera- 
tion of  Hardinge  conical  mills  at  a  number  of  plants. 

Present  position:  1912  to  date;  Sibley  College,  Cornell  Univ. 

Richard  Paul  Ernst  Hermsdorf ,  New  York,  N.  Y. 

Propoeed  by  William  Campbell,  E.  J.  Hall,  Charles  P.  Berkey. 

Bom  1896,  New  York  N.  Y. 

Present  position:  Student,  Met.  Engrg.,  Columbia  Univ. 

Charies  Francis  Williams,  Chivatera,  Son.,  Mex. 

Propoeed  by  John  A.  McDonald,  A.  S.  Konselman.  W.  A.  Richelsen. 

Bom  1894,  Mansfield,  O.  1914,  Grad.,  St.  John's  Military  Academy,  Delafield, 
Wis.  1914  and  1915,  New  Mexico  State  School  of  Mines.  1915,  Colorado  School 
of  Mines.     1916,  Asst.  to  Met.  Engr.,  Chino  Copper  Co.,  Hurley,  New  Mexico. 

Present  position:  Mine  Engr.,  Cananea  Cons.  Copper  Co. 

Change  of  Status— From  Associate  Member  to  Member 

Edmund  Mozier  King,  Leura,  Launceston,  Tasmania. 

Bom  1848,  Launceston,  Tasmania.  1889-1902,  College  Saint  Croix,  Aux.  terms, 
Fkrifl.     1902-^,  Church  of    England  Grammar  School,  Launceston,  Tasmania. 
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Studied  Chemistry  under  R.  N.  Hobart.  1887  to  date:  Director,  Mt.  Bischoff  Tin 
Min.  Ck).  188&-I915,  Director,  Tasmania  Gold  Min.  and  its  reconstruction  until 
liquidated.  1897  to  date:  Director,  Tasmania  Ck>pper  Co.  (at  present  Chairman) 
situated  at  Rosebery,  West  Coast  of  Tasmania.  Foundation  member  of  the  Australian 
Institute  of  Min.  Engrs. 

Present  position:  Director  of  various  mining  companies. 

From  Junior  Member  to  Member 

William  Ciistf  Pryer,  Anaconda.  Mont. 

Proposed  by  C.  R.  Wraith.  Enoch  A.  Barnard,  Albert  E.  Wiggin. 

Bom  1890,  Falmouth,  Mass.  1914,  So.  Dak.  School  of  Mines,  B.  S.  1914, 
Assayer.  Titanic  Min.  Co.,  Deadwood,  S.  Dak.  1915,  Prospect  examination  with 
S.  R.  Tnompson,  Deadwood,  S.  Dak.  1916,  Testing  Dept.  and  Chemist,  Anaconda 
Copper  Min.  Co. 

Present  position:  Chemist,  Anaconda  Copper  Min.  Co. 

Change  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  Aug.  1,  1916  to  Sept.  10,  1916. 

This  list  together  with  the  list  published  in  BiMetin  Nos.  110  to  116, 
February  to  September,  1916,  and  the  foregoing  list  of  new  members, 
therefore,  supplements  the  annual  list  of  members  corrected  to  Jan.  1, 
1916  and  brings  it  up  to  the  date  of  Sept.  10,  1916. 

Ahlebs,  R.  O.,  1-4  Norfolk  Hous;?,  Laurence  Pountney  Hill,  London,  E.  C,  England. 

Allen,  Arthub  Watts Instructed  to  hold  everything. 

Ambler,  Harrt  A Box  540.  RoUa,  Mo. 

Anderson  Robert  John,  Asst.  to  Prof.  Henry  M.  How3,  Broad  Brook  Road, 

Bedford  Hills,   N.  Y. 

Afplegate,  J.  S Material  Engr.,  Wagner  Electric  Mfg.  Co.,  St.  Louis,  Mo. 

Atherton,  T.  W.  T Kagesman,  Kars^  Obi,  Russia. 

Bassbtt,  Thomas  E ,  .236  Park  St.,  Pontiac,  Mich. 

Belden,  S.  B.,  Vice-President,  The  Jeffrey  Manufacturing  Co.,  Columbus    Ohio. 

Benham,  W.  M Co.  H,  Ist  Ariz.  Infantry,  Fort  Huachuca,  Arif . 

BicKNBLL,  Harold  Lewis Hennessy  Annex,  Butte,  Mont. 

BiLLTCK,    Don    C Box    99,    Alturas,    Cal. 

BoNSiB,  R.  S U.  S.  Metals  Refining  Co.,  East  Chicago,  Lid. 

BoTDBLL,  H.  C,  Prestea  Block  A.,  via  Seccondee,  Gold  Coast  Colony,  W.  Africa. 

Bradley,  Henry  F 11  Bransford  Apartments,  Salt  Lake  City,  Utah 

Bridge,  Samuel  D.,  Care  Patricio  Milmo  e  Hijos,  Sues.,  Banqueros,  Monterrey,  Mex. 

Bubll,  L.  T Ore  Trading  Co.,  Ltd..,  Casilla  861    Antofogasta,  Chile. 

Callen,  a.  S  . .' Hold  publications 

Careaoa,  C.  R Calle  de  la  Florida  5,  Seville,  Spain. 

Carpenter,  Edwin  Leon Box  397,  Salisbury,  Md. 

Carstbns.CarlEbbrhard 400  W.  4th  St.jAnaconda,  Mont. 

Chatin,  August.  H Box  424,  Walsenburg,  Colo. 

Claghorn,  James  L Forks  of  Salmon,  Siskiyou  Co.,  Cal. 

Clapp,  C.  H.,  Prof,  of  Geol Montana  State  School  of  Mines,  Butte,  Mont. 

Clarke,  Edgar  W 622  Second  Ave.,  Johnstown,  Pa- 

CoB,  Ira  J 362  Euclid  Ave„  Oakland,  CaL 

Cole,  A.  Newton H.  Koppers  Co.,  Care  United  Furnace  Co.,  Canton,  O. 

Cunningham,   Noel 200  5th  Ave.,   New  York,    N.   Y. 

CusEdNG     Daniel 17    Fairview    St.,    Waterburjr,    Conn. 

Dammann,  a.   C 5410  Wajme  Ave.,   Chicago.   HL 

Davis,  John  A U.  S.  Bureau  of  Mines,  Washington,  D.  C 

DicKMAN,  Robert  N 170  Bay  St.,  St.  Augustine,  Fla. 

DoTLB,  John  J Cosden  Oil  &  Gas  Co.,  Drawer  P,  Tuka,  Okia. 

Du  Moulin,  Walter  Louis,  Mech.  Engr.,  Andes  Copper  Mining  Co., 

Chanaral,  Chile,  South  America. 
DwTER,  C.  Eustace Federal  Min.  &  Smelt.  Co.,  Wallace,  Idaho. 
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Dte,  a.  v.,  Aflst.  Genl.  Mgr Phelps,  Dodge  &  Ck>.,  Douglas,  Ariz. 

Eames,  Lutheb  B Hollinger  Gold  Mines,  Ltd.,  Timmins,  Ont^^  Canada. 

Eldrbdqb,  Robbrt  B Ray  Cons.  Copper  Co.,  Kay^  Ariz. 

Emsbt,  William,  Jr Natalie,  Pa. 

EioiONS,   N.   H.,   Mgr Tennessee    Copper  Co.,  Copperhill,   Tenn. 

FiLTBAir,  Chablbs  A St.  Lawrence  Talc  Co.,  Natural  Bridge,  N.  Y. 

FisHBR,  Howell  T, 6  Spring  Lane,  Englewood,  N.  J. 

FoBSTBB,  Hallabd  W.,  Care  Tigre  Mining  Co.,  Esqueda,  Son., 

Mexico,  via  Douglas,  Ariz. 

FoiX,  Walteb  V Coralbut  Mining  Co^  Joplin.  Mo. 

FuKETA,  F., Mitsubishi  Kaisha,  Mining  Dept.,  Marunouchi,  Tokyo,  Japan. 

Ganthieb,  C.  B P.  O.  Box  252,  Tucson,  Ariz. 

Gee,  J.  Emebson 304  H.  W.  Hellman  Bldg.JLos  Angeles,  Cal. 

Grant,    Bebtbam 615    Market    St..    Wilmington,    Del. 

Gbbit,  Adolph  Julius Calle  13  Y  6.  Vedado,  Habana,  Cuba. 

Gross,  John.  Mining  and  Metallurgical  Engr.,  423  McPnee  Bldg.,  Denver,  Colo. 

Grubnau,    V.    Carl 114    Arch    St.,    Philadelphia,    Pa. 

Guernsey,  John  B 132  W.  4th  St.,  New  York,  N.  Y. 

Guitbrican,  Kenneth  S.,  Selby  Smelting  &  Lead  Co., 

804  Merchants  Exchange  Bldg.,  San  Francisco,  Cal. 

Haldekan,  G.  T Hold  publications. 

Hamilton,  C.  W.,  Mexican  Gulf  Oil  Co.,  Apartado  106,  Tampico,  Tamps.,  Mex. 
^f  W.  R.,  Petroleum  &  Min.  Engr.,  Hobart  Bldg.,  ^an  Francisco,  Cal. 


Hamilton,      tt.     av.,     xwava^uau     u*     xyxvu.     ^u^^.,     JLAVi^raAV     a^au^.,     •.kau     A*cN«^«»yv,     >^CM. 

Hancb,  James  H 815  North  Johnson  St^  Iowa  City,  Iowa. 

Harrington,  Daniel,  U.  S.  Bureau  of  Mines,  334  Post  Office  Bldg.,  Butte.  Mont. 

Hastinqs,  John  B P.  O.  Box  954,  McGill,  Nev. 

Head,  James  L Care  Calumet  &  Arizona  Min.  Co.,  Warren,    Aris. 

Hill,  Walter  Hovby 917  Franklin  St.,  Boise,  Idaho. 

Hodgson,  Joseph  P.,  Cons.  Engr.,  Mining  Dept.,  Phelps,  Dodge  &  Co.,  Bisbee,  Ariz. 

HoFTMAN,    Llotd Pottersvillc,    N.    J. 

HoLDBRBR,  George  B General  Chemical  Co.,  25  Broad  St.,  New  York,  N.  Y. 

Holland,  L.  F.  S Cu«  Cons.  Arizona  Smelt.  Co.,  Humboldt,  Ariz. 

Hollistbr,  Scovill  E Care  Boston-Corbin  Copper  Co.,  Corbin,  Mont. 

Holmes,  George  F 140  Ogden  Ave.,  Menominee,  Mich. 

Honnold,  W.  L.,  Care  The  Commission  for  Relief  in  Belgium. 

120  Broadway,  New  York,  N.  Y. 

HoGf^TER,    Theodore    J Palo    Alto,    Cal. 

Hotta,   M 136  Sumiyoshi,   Mukogun,  Hyogo  Pref .,  Japan. 

Hu,  S.  H.. Hartley  Hall,  Columbia  Univ.,  New  York,  N.  Y. 

Hutchins,   J.    P Morskaya   21,    Apartment  24,    Petrograd.    Russia. 

Htde,  James  M 635  Mills  Bldg.,  San  Francisco,  Cal. 

Jackson,  G.  R.,  Supt.  Negaunee  Dist^  Cleveland-Cliflfs  Iron  Co.,  Nc^aunee,  Mich. 
Jahn,  William  F.,  Mill  Supt.,  Tough-Oakes  Gold  Mines,  Ltd., 

Kirkland  Lake,  Ont.,  Canada. 

Jenks,  T.  H.,  Genl.  Mgr.  Gold  Bar  Mines  Co Wickenburg,  Ariz. 

Jennet,  Warren,  Comptroller,  Andes  Copper  Mining  Co.,  Chanaral, 

Chile,  South  America. 
Jensen,  Joseph,  Dept.  of  Metalluray  and  Mining, 

Carnegie  Institute  of  Technology,  Pittsburgh,  Pa. 
Johnson.  J.  Harlan,  Care  Sanitaiy  Troop,  4th  So.  Dak.  Infantry.  San  Benito,  Tex. 

JoNBS,  Thomas  J Care  Kyshtim  Co.,  Nevsky  Prospect  1.  Petrograd,  Russia. 

Jordan,  R.  D 604  C.  Street,  Sparrows  Point,  Md. 

KAMiyAMA.  Tatsuzo,    444,  Nakamaru,  Kami  osaki,  Yebaragun,  Tokyfu,  Japan. 

Keenet,  Robert  M The  Ayres  Hotel,  1441  Logan  St.,  Denver,  Colo. 

Kellbt,  Arthur,  L.,  Supt American  Tungsten  Co^  Tucson,  Ariz. 

Kbpner,  R,  B Humboldt,  Ariz. 

Koch,  Aathitr  W Granby  Mimng  &  Smelting  Co.,  Granby,  Mo. 

Krbbs,  Joseph  J Bisbee,  Ariz. 

LaCroix,    Morris   F 243   Ocean  St..  Lynn,  Mass. 

Lavbrt,  V.  M Hold  publications. 

Lm,  Montrose  L Care  Clark,  Dodge  &  Co.,  51  Wall  St.,  New  York,  N.  Y. 

Lewis,  Robert  S University  of  Utah,  Salt  Lake  City,  Utah. 

Lindbmuth,  L.  B Pennsylvania  Steel  Co.,  Bethlehem,  Pa. 

List,  Elmer Care  U.  S.  Smelt.  Co^  La  Harpe,  iCans. 

Loo,  p.  C 1075  Boylston  St.,  Boston,  Mass. 

LovxJOT,  John  M Geol.  Staff,  Producers  Oil  Co.,  Billings,  Mont. 
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Low,  V.  F.  Stanley,  Care  National  Bank  of  Australasia,  5  Bishopsgate, 

London,  £.  C,  England. 

LuNN,  HoBEBT,  Je. Instructed  to  hold  all  mail. 

McBride,  WiLBBBT  Geobge P.  O.  Box  816,  Morenci,  Ariz. 

McDowell,  J.  Spotts,  Harbison- Walker  Refractories  Co^ 

1705  Farmers  Bank  Bldg.,  Pittsburgh,  Pa. 
McHuQH,  P.  M.,  Mgr.,  The  Dorr  Machine  Co.,  812  Cooper  Bldg.,  Denver,  Colo. 

Macfablane,  Rienzi  W Morenci  Hotel,  Morenci,  Ariz. 

MacGowan,  John  K 190  Riverside  Drive,  New  York,  N.  Y. 

Madson^  Fbank  H Box  708,  Bessemer,  Mich. 

Mallbb,  John  W 303  E.  161st  St.,  New  York,  N.  Y 

Mansfield,  M 860  East  17th  So.  St.,  Salt  Lake  Citv,  Utah.. 

Mabshall,  Holman  T Care  Dutchman  Lease,  American  Fork.  Utah. 

Mabshall,  Stewabt  McC,  Chief  Engr.,  Southwark  Foundry  &  Machine  Co., 

Philadelphia,  Pa. 

Maxon,  Waltbb  Landon Winthrop,  Shasta  Co.,  Cal. 

Mebbtweatheb,  Hubebt,  Bethlehem  Chile  Iron  Mines  Co..  La  mguera, 

CoquimDo,Chile,  South  America. 

MiLLEB,  Habbt  H 803  Dos  Robles  Drive,  Alhambra,  Cal. 

MiLLABD,  William  J 818  House  Bldg^  Pittsburgh,  Pa. 

Mitchell,  Geobqe 1367  S.  Figueroa  St.,  Los  Angeles,  Cal. 

MoNTOULiEU,  Eduabdo  I Jovellar  27  (altos)  Havana,  Cuba. 

MooBE,  Redick  R Instructed  to  hold  eveiything. 

MmB,  DowNiB  D.,  Jb.,  Intermountain  Mgr.,  United  States  Smelt.,  Ref.  &  Min. 

Exploration  Co.,  P.  O.  Box  1785,  Salt  Lake  Qty,  Utah. 

Najabian,  H.  K Missouri  Cobalt  Co ,  Fredericktown,  Mo. 

Nbbld,    Habfbb   C Weedon    Mining   Co.,    Weedon,   Quebec,    Canada. 

Newell,  Geobge  S 742  E.  Pennsylvania  Ave.,  San  Antonio,  Tex. 

Nye,  Robebt Nevada  City,  Cal. 

O'Habba,  C.  C,  Pres.  and  Prof,  of  Geol.,  South  Dakota  State  School  of  Mines, 

Rapid  City,  S.  D. 

Obd,   Jambs Levack,   Ont.,   Canada. 

Pallanbch,  Rollin  a Hold  publications. 

Pabmelee,  H.  C Colorado  School  of  Mines,  Golden,  Colo. 

Peabl,  Holman  I Rice  Lake,  Wis. 

Pbtbbson.  Clabence  J B.  P.  O.  Elks  Club,  San  Francisco,  Cal. 

Pfoutb,  Elmbb Kelly,  New  Mexico. 

Phalen,  William  C,  Mineral  Technologist,  U.  S.  Bureau  of  Mines.  Washington,  D.  C. 

Place,   Richabd  G Colonial  Hotel,  Reno,  Nev. 

Ravicz,  Louis 854  McKnight   Bldg.,   Minneapolis,  Minn. 

Reifsnbidbb,  Le  Babon  B 32  So.  34th  St.,  Camden,  N.  J. 

Rhodes,  C.  E R.  D.  1,  Box  363,  Pasadena,  Cal. 

RiODELL,  Gut  C,  Cons.  Met.,  Broken  Hill  Associated  Smelters  Proprietary,  Ltd., 

Port  Pirie.  So.  Aust. 

Robbins,  Hallbt  R 814  Birks  Bldg.,  Vancouver,  B.  C.,  Canada. 

RoDQEBs,  Joseph  H 1267  Laurel  Ave.,  Los  Angeles,  CaL 

Rtdeb,  Thomas  J Apartado  1203,  Mexico  City,  Mexico. 

Schboteb,  Geobge  A W.  C.  Laughlin  Co.,  115  Broadway,  New  York,  N.  Y. 

Sandebs,  Bebnabd  H 1  Penventon  Terrace,  Redruth,  Cornwall,  England. 

Saxman,  R.  M Villa  Nova,  Pa. 

Scheble,  M.  C Min.  Engr.,  P.  O.  Box  867.  San  Antonio,  Tex. 

Scott,  J.  Ralph Feldspars,  Ltd.^  Hartington,  R.  R.  No.  1,  Ontario,  Canada. 

Shebman,  Gebald  F.  G.,  Civ.  and  Mm.  Engr.,  Supt.  Mine  Dept^  Copper 

Queen  Cons.  Mining  Co.,  Bisbee,  Ariz. 

Shebbt,   H.   K Platteville,   Wis. 

Smith,  Fbank  A 279  10th  St.,  San  Pedro,  Cal. 

Smith,  Lyon E.  R.  Smith  &  Co.,  77  Bedford  St.,  Boston,  Mass. 

Smitheb.  Thomas  McC 429  Walnut  St.,  Reno,  Nev. 

SoPEB,  R.  H 308  North  Topka  Ave.,  Wichita,  Kans. 

Spbabman,  Chablbs,  The  Renfrew  Molybdenum  Mines,  Ltd.,  Mt.  St.  Patrick, 

Ont.,  Canada. 

Spboat,  a.  D P.  O.  Box  388.  Bound  Brook,  N.  J. 

Stack,  James  R American  Smelt.  &  Ret.  Co.,  Maurer,  N.  J. 

Stephenson,  Fbancis  Lewis 1117  Columbia  Ave..  Scranton ,  Pa. 

Stewabt,    M.    B Metroi>oli8,     111. 

TiLLNf  A?r,  Gi.\  bles  A i^ 320  McCormick  Bldg.,  Chicago,  HI. 
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Strouf,  Thomas  A No.  3  Louise  Apartments,  Salt  Lake  City,  Utah. 

SuvBBKROP,  Edwabd  A Box  724,  Dayton,  O. 

SuYDAM,  A.  G 1325  Second  St.,  Santa  Monica,  Cal. 

Tabantous,  Richard,  Care  C.  S.  Herzig,  Cons.  Engr., 

27lVilliam  St.,  New  York,  N.  Y. 

THOiiPSON,  Warren  D Min.  Engr.,  Nevada  Cons.  Copper  Co.,  Ruth,  Nev. 

TiBBY,  Benjamin  F 178  E.  St.,  Salt  Lake  City,  Utah. 

Tbaubrman,  Carl  J Min.  Engr.,  P.  O.  Box  740,  Anaconda,  Mont. 

Trukx,  Arthttr  Fuller 515  S.  Cheyenne  St.,  Tulsa^  Okla. 

Ude,  Edoab Box  933,  Morenci,  Ariz. 

Valebius,  M.  M 328-329  Mayo  Bldg^  Tulsa,  Okla. 

Vbano,  Christion  M S.  P.  Geol.  Dept.,  Flood  Bldg.,  San  Francisco,  Cal. 

Wainbwrioht,  WiLPRiD  B 165  Fenchurch  St^  London,  E.  C,  England. 

Walker.  Leland  A 215  East  8th  St.,  Leadville,  Colo. 

Ward,  William  F.,  Care  Wesselhoeft  &  Wisner,  Barranquilla,  Colombia,  So.  Amer. 
WiOQiN,  Albert  E.,  Supt.  of  Concentration,  Anaconda  Copper  Mining  Co., 

609  Locust  St.,  Anaconda,  Mont. 

WioTON,   G.   H Chief  Consolidated   Mining  Co.,   Eureka,   Utah. 

WiLLiAMS,  Henrt  J.,  Fuel  Engr.,  American  Agricultural  Chemical  Co^  Boston,  Mass. 
WoMBLE.  Llotd  Alexander,  85  St.  Georges  Road,  East  London,  C.  P.,  So.  Africa. 

Wong.  S.  C Care  School  of  Mines.  Butte,  Mont. 

Wu,  KwoNO Care  Prof.  K.  L.  Lin,  Government  University,  Peking,  China. 

Ybatman,  Pope,  Min.  Engr Room  1109,  111  Broadway,  New  York,  N.  Y. 

Young,  George  J Care  Colorado  School  of  Mines,  Golden,  Colo. 

Members'  Addresses  Wanted 

Name.  Last  Address  of  Record  from  which  Mail  has  been  Returned. 

MuBPHT,  Francis  Joseph Great  Cobar,  Ltd.,  Cobar,  N.  S.  W..  Aust. 

NoTT,  Thomas  E 4701  Ellsworth  Ave.,  Pittsburgh,  Pa. 

PriTMAN,  Frank  L Contact,  Nev. 

RooBBS,  Gbobgb  R 47  St.  Vincent  St.,  Toronto,  Ont.,  Canada. 

Tatlob,  Chables  H University  of  Oklahoma.  Norman,  Okla. 

Wboth,  James  S Casilla  46-D,  Santiago,  Chile,  So.  Amer. 

Necbology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  Aug.  1,  1916  to  Sept.  10,  1916. 

H^tioL.  Name.  Date  of  Decease. 

1899  ♦Riter,  George  W Aug.  20,  1916. 

1891  ♦Towne,  Robert  S Aug.   3,  1916. 

^Members. 


Digitized  by 


Google 


xxviii  MoNTHLT  Bulletin  No.  118,  Octobbb,  1916 

EXECUTIVE  CJOMMITTEES  OF  LOCAL  SECTIONS 
N€w  York 

Meets  flnt  Wedneeday  efter  flnt  Taeeday  of  eftoh  month. 
PERCY: 


DAVID  H.  BROWNE,  CAatmMm.  PERCY  E.  BARBOUR.  Viee-CKairman. 

A.  D.  BEERS,  fiMTitorv.  M  WeU  St.,  New  York.  N.  Y. 

C.  A.  BOHN;  rr«MMf«r. 

BotUm 

Meet!  flnt  Monday  of  each  winter  month. 

W.  E.  C.  EU8TIS.  Chairman,  R.  L.  A0A88IZ,  rf0#-CJka6'«um. 

B.  E.  BUOBEE,  Sientery-rreoMirw,  Maes.  Intt.  of  Technology.  Boston,  Man. 
ALBERT  SAUVEUR,  H«  L.  SMYTH. 

Cohmbia 

Holds  four  sessions  durinc  year.    Annual  meeting  in  September  or  October. 

STANLY  A.  EASTON,   Chairman,  FREDEftIC  KEFFER,  Vie^-Chairman, 

LYNDON  K.  ARMSTRONG.  SMrafory-TrMwrM'.  P.  O.  Drawer  21M.  Spokane,  Wash. 

D.  C.  LIVINGSTON,  FRANK  A.  ROSS. 

Puifel  Sound 
Meets  seoond  Saturday  of  each  month.  _ 

GLENVILLE  A.  COLLINS.  CA«iniMfi.  H.  L.  MANLEY.  Vic^^Ckairman. 

AMOS  SLATEJBU  3Mr«lary-rrMSttr«r.  1048  Henry  Bldg.,  Seattle.  Wash. 
I.  F.  LAUCKS,  '      «•.  JOHN  N.  POTT. 

Southern  California 

C.  COLCOCK  JONES,  CAatrsMifi.  ALVIN  B.  CARPENTER,  Vie^-Chairman. 

FREDERICK  J.  H.  MERRILL,  5iontery-rrMSttr«r.  216  Union  League  lUdg.,  Los  Angslse,  Csl. 

A.  B.  W.  HODGES.  ^^  ^^       R.  A.  PEREZ. 

E.  A.  MONTGOMERY,  WILLIAM  F.  STAUNTON. 

Colorado 

L.  P.  HAMMOND.  Chairman,  F.  H.  BOSTWICK.  Vie^^ChairmaM. 

P.  M.  MoHUGH.  SMrstary-lVsatarfr,  812  Cooper  Bldg..  DenTer.  Colo. 
G.  A.  KENNEDY  Bi.  S.  MaoCARTHY. 

Montana 

J.  L.  BRUCE.  Chairman,  W.  C.  SIDERFIN.  Vie^^Chmkman. 

WALTER  E.  GABY,  S«crilary-7V«Mttr«r.  834  W.  Granite  St.,  Butte,  Mont. 
W.  T.  BURNS.  N.  B.  BRALY. 

San  FraneUeo 

Meets  seoond  Tuesday  of  each  month. 

T.  A.  RICKARD,  Chairman.  W.  H.  SHOCKLEY.  r<et-ClUiraisii. 

C.  B.  GRUNSKY,  JR.,  5iontery-rreararsr.  67  Post  St.,  San  Fkaaoisoo,  Cal. 

E.  A.  HERSAM,  H.  W.  YOUNG. 

P6fifi8yiMifi<a  Anthracite 

R.  V.  NORRIS,  Chairman. 
CHARLES  F.  HUBER,  Viet^hairman,  EDWIN  LUDLOW.  Vim-Chmrwmn. 

W.  J.  RICHARDS.  rie«-CAairm<m.  ARTHUR  H.  STORRS,  FiM-CAathnea. 

PAUL  STERLING,  ^Mfftaiy-rrMSMrM',  Lehigh  Valley  Coal  Co.,  WOkes-Barre,  Pa. 
DOUGLAS  BUNTING.  FRANK  A.  HnXT  ALBERT  B.  JB8SUP. 

RUFUS  J.  FOSTER,  JOHN  M.  HUMPHREY,  ROBERT  A.  QUIN. 

St  LouU 

C.  J.  ADAMI.   Chairman,  HERMAN  GARLICH,    Fies-Cfcair  sis  a. 

F.  W.  DbWOLF.  Vi90^hairman,  M.  M.  VALERIUS,  Vie^-Chairman. 

WALTER  E.  McCOURT,  5iontery-rreararsr,  Washington  Unir.,  St.  Lotds,  Mo. 
A.  W.  DICKINSON,  CHARLES  T.  ORR,  ARTHUR  THACHER. 

C.  R.  FORBES,  F.  D.  RASH. 

ChicOifO 
CHARLES  H.  MacDOWELL,  Chairman,  LUTHER  V.  RICE.  Viea-Ckairmam, 

HENRY  W.  NICHOLS,  ^Mfilary-rrMrarsr,  1646  E.  68  St.,  Chicago.  IB. 
ALEXANDER  K.  HAMILTON,  HENRY  P.  HOWLAND, 

GEORGE  P.  HULST,  FREDERICK  T.  SNYDER« 

Utah 

C.  W.  WHITLEY,  Chairman,  WALTER  FITCH.  Viea-^Jhairwmn, 

ERNEST  GAYFORD,  S0cr€iary-TrMU¥r«r,  160  Pierpont  Are.,  Salt  Lake  City.  Utah. 
E.  R.  ZALINSKI.  WILLIAM    WRAITH. 

Arieona 

GERALD  SHERMAN.  CAaimian. 
NORMAN  CARMICHAEL,  1«<  Vict-Chair.  B.  BRITTON  GOTTSBERGBR,  Sad  Vie9-Chair. 

ARTHUR  NOTBiAN,  5Mrtlary-rr««uttr«r,  Bisbee,  ArU. 
W.L.  CLARK.  J.C.OREBNWAY. 

W.  G.  MoBRIDB.  FOREST  RUTHERFORD. 

Nevada 

J.  W.  HUTCHINSON.  C^irman.  FRANCIS  CHURCH  LINCOLN.  nee-Chairman. 

HENRY  M.  RIVES.  Secretary-TrgMurer,  Reno.  Nerada. 
W.  H.  BLACKBURN,  B.  A.  JULIAN. 

EMMET  D.  BOYLE,  JOHN  G.  KIRCHBN 

FREDERICK  BRADSHAW,  C.  B.  LAKENAN. 

TASKER  L.  ODDIE. 
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STANDING  COMMITTEES 


ExecuiiM 

L.  D.  RICKETTS.  Chairman, 
OEORQB  D.  BARRON.  W.  L.  SAUNDERS, 

SIDNEY  J.  JENNINGS,  BENJAMIN  B.  THAYER. 

MeniberMp 

KARL  EILERS.  Chairman. 
ARTHUR  S.  DWIGHT,  LOUIS  D.  HUNTOON, 

LEWIS  W.  FRANCIS.  ARTHUR  L.  WALKER. 

Pinanee 

GEORGE  D.  BARRON.  Chairman, 
ALBERT  R.  LEDOUX,  CHARLES  F.  RAND. 

lAbrary 

E.  GYBBON  SPIL8BURY.  Chairman,* 
KARL  EILERS,!  E.  F.  ROEBER.< 

ALEX  C.  HUMPHREYS.*  BRADLEY  STOUGHTON. 

Papers  and  PvbUcaiions 

BRADLEY  STOUGHTON.   Chairman, 


MKUOUTITM  ooMmrm 


KARL  EILERS. 
JOSEPH  W.  RICHARDS. 
B.  F.  ROBBER, 

J.  L.  W.  BIRKINBINE. 
WiLLIAM  H.  BLAUVELT, 
H.  A.  BRASSBRT. 
DAVID  H.  BROWNE. 
WnXIAM  CAMPBELL. 
R.  M.  CATLIN, 
ALLAN  J.  CLARK, 


GEORGE  C.  STONE. 
SAMUEL  A.  TAYLOR. 


HEINRICH  O.  HOFMAN, 
WALTER  E.  HOPPER. 
HENRY  M.  HOWE. 
LOUIS  D.  HUNTOON. 
J.  E.  JOHNSON.  JR.. 
WILLIAM  KELLY, 
JAMES  F.  KEMP. 


PBBDBRICK  G.  COTTRELL.  CHARLES  K.  LEITH. 
NATHANIEL  H.  EMMONS,  ANTHONY  F.  LUCAS. 
JOHN  W.  FINCH. 
CHARLES  H.  FULTON. 
P.  LYNWOOD  GARRISON. 
ROBERT  C.  GEMMELL, 


CHARLES  W.  GOODALB, 
HARBY  A.  GUESS, 
R.  DAWSON  HALL, 
PHILIP  W.  HENRY, 


EDWARD  P.  MATHEWSON. 
HERBERT  A.  MEGRAW. 
RICHARD  MOLDENKE. 
SEELEY  W.  MUDD. 
R.  V.  NORRIS, 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS. 
R.  M.  RAYMOND. 


ROSSITER  W.  RAYMOND. 
THOMAS  T.  READ. 
ROBERT  H.  RICHARDS. 
L.  D.  RICKETTS. 
HEINRICH  RIBS, 
RENO  H.  SALES, 
ALBERT  8AUVEUR, 
HENRY  L.  SMYTH. 
A.  A.  STEVENSON. 
RALPH  H.  SWEETSER, 
GEORGE  D.  VAN  ARSDALE. 
FELIX  A.  VOGEL, 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON. 
HORACE  V.  WINCHELL. 
FREDERICK  W.  WOOD, 
DWIGHT  E.  WOODBRIDGE. 


CX)MMITTE£  ON  JUNIOR  MEMBERS  AND  AFFILIATED 
STUDENT  SOCIETIES 

HARRY  H.  STOEK,  Chairman, 

Vie9<Jhairmen 

CHARLES  H.  FULTON,  FREDERICK  W.  SPERR, 

EDWIN  C.  HOLDEN,  GEORGE  J.  YOUNG, 

WALTER  R.  CRANE.  SterOarv,  PennaylTanU  State  College.  State  College.  Pa. 


LUTHER  W.  BAHNEY. 
DARSDB  C.  BARD. 
ROBERT  H.  BRADFORD. 
SAMUEL  W.  BEYER. 
GUY  H.  COX. 
JOSEPH  DANIELS, 
NOAH  F.  DRAKE, 
FRANK  W.  DURKEE, 


HOWARD  ECKFELDT. 
DAVID  M.  FOLSOM, 
R.  R.  GOODRICH, 
CHARLES  E.  LOCKE. 

JAMES  F.  McClelland. 

HARRY  B.  MELLER, 
WALTER  S.  MORLEY, 
HENRY  S.  MUNROE. 


CHARLES  J.  NORWOOD. 
GEORGE  S.  RAYMER. 
HEINRICH  RIES, 
HENRY  L.  SMYTH. 
FRANCIS  A.  THOMSON. 
F.  W.  TRAPHAGEN. 
CLINTON  M.  YOUNG. 


1  Unto  Feb..  1Q17.        •  UntO  Feb..  1Q18.        •  UntU  Feb.,  1919.        i  UntiLEeb.,  192& 
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COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

THOMAS  T.  READ.  Chairman, 
PHILIP  W.  HENRY,  Firtl  FiM-C^trmait. 


Viee^hairmen 
LYNDON  K.  ARMSTRONG, 
P.  G.  COTTRELL, 
CHARLES  A.  BUCK, 
EDWARD  L.  DUPOURCQ. 
H.  W.  HARDINGB. 
H.  L.  HOLLIS. 
DUNCAN  MACVICHIE. 
WILLIAM  H.  SHEARMAN.  5Mr«torv.  65  WaU  St..Naw  York.  N.  Y. 


HENRY  W.  NICHOLS, 
ERSKINB  RAMSAY. 
CHARLES  P.  RAND, 
GILBERT  RIGG, 
WALTER  G.  SWART, 
RICHARD  P.  TINSLEY. 


HUNTINGTON  ADAMS, 
P.  L.  ANTISELL, 
EDWIN  G.  BANKS. 
LOUIS  V.  BENDER, 

C.  H.  BENEDICT. 
JAMES  G.  BERRYHILL. 
ALBERT  C.  BOYLE.  JR., 

D.  H.  BRADLEY,  JR., 
VICTOR  M.  BRASCHI, 
PREDERIC  K.  BRUNTON. 
LESTER  R.  BUDROW, 
MILTON  A.  CAINE, 
EDWIN  E.  CARPENTER, 
CHARLES  CATLETT, 
WILLIAM  B.  CRAMER. 
NOAH  P.  DRAKE, 

J.  A.  EDE, 

LOUIS  y.  EMANUEL, 
AUGUSTUS  H.  EUSTIS, 
WALTER  PITCH, 
WILLIAM  E.  POHL, 

E.  GAYPORD. 
M.  H.  GIDEL. 
STEPHEN  L.  GOODALE. 
CARL  E.  GRUNSKY,  JR., 


GEORGE  A.  GUESS. 
BENJAMIN  M.  HALL, 
RICHARD  S.  HASELTINE, 
PRANK  R  HEWITT, 
EDWIN  HIGGINS, 
JOSEPH  T.  HILLES, 
JOHN  H0AT80N, 
ROY  J.  HOLDEN, 
TADASHIRO  INOUYE, 
YING-CHIEH  KUANG, 
K.  C.  LI. 
I.  P.  LIHME. 
JOHN  J.  LINCOLN. 
DOUGLAS  C.  LIVINGSTON, 
SPENCER  R.  LOGAN, 
P.  B.  LUCAS. 
WALTER  E.  McCOURT, 
P.  M.  McHUQH. 
PREDERICK  J.  H.  MERRILL. 
ARTHUR  NOTMAN, 
HENRY  M.  PARKS, 
IRVING  PERRINE 
OLUP  G.  PETERSEN, 
P.  E.  PIERCE. 
PRANK  Da  G.  RATHBUN. 


AMBROSE  E.  RING. 
WILLIAM  W.  ROSE. 
HAZEL  L.  SCAIPE. 
WILLIAM  J.  8HARWOOD. 
S.  P.  SHAW, 
JO  E.  SHERIDAN. 
ARTH0R  P.  SnXIMAN, 
AMOS  SLATER. 
SUMNER  &  SMITH. 
JOHN  G.  SMYTH. 
RICHARD  B.  STANFORD. 
PAUL  STERLING. 
LEWIS  STOCKETT. 
ARTHUR  P.  TAGGART, 
CHARLES  H.  TAYLOR. 
BENJAMIN  P.  TILLSON. 
ARTHUR  L  TUTTLE. 
R.  C.  WARRINER. 
WALTER  HARVEY  WEED. 
HENRY  A.  WBNTWORTH. 
WILLIAM  Y.  WE8TERVELT. 
HERBERT  A.  WHEELER, 
EDWIN  B.  WHITE, 
C.  W.  WHITLEY. 
R.  B.  WOOD  WORTH. 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  MINES 

ARTHUR  P.  L.  BELL.  HENNEN  JENNINGS. 

ALBERT.  R.  LEDOUX.  E.  W.  PARKER.  L.  D.  RICKETTS. 


EUctrieUy  in  Mining 

WILLIAM  KELLY, 
THOMAS  H.  LEGGETT, 
SAMUEL  A.  TAYLOR. 


Mine  ExpUmans 

H.  M.  CHANCE, 
PRANK  HAAS, 
CARL  SCHOLZ. 


MineSvbtidmce  . 

JAMES  p.  KEMP. 
R.  V.  NORRIS, 
CHARLES  K.  LEITH. 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  STANDARDS 


Copper:  P.  L.  ANTISELL, 
Ltad:  ARTHUR  8.  DWIGHT. 
Nickel:  JOHN  P.  THOMPSON. 


Aluminum:  JOSEPH  W.  RICHARDS, 
Zinc:  GEORGE  C.  STONE. 


COMMITTEE  ON  NATIONAL  RESERVE  CORPS  OF  ENGINEERS 

HENRY  S.  DRINKER.    ARTHUR  S.  DWIGHT.     D.  M.  RIORDAN.     WARREN  A.  WILBUR 


NOMINATING  COMMITTEE 
SEELEY  W.  MUDD,  Chairman. 
DAVID  H.  BROWNE.  H.  O.  HOPMAN, 

JAMES  GAYLEY.  PREDERICK  LAI8T. 

JOHN  C.  GREENWAY.  R.  V.  NORRIS. 
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INSTITUTE  REPRESENTATIVES 
UnUed  Engineering  Society  Trueleee 

CHABLE8  F.  RAND.t  W.  L.  8AUNDERS,»  BENJAMIN  B.  THAYER.* 

Engineering  FoundaUon 

R.  M.  RAYMOND,  BENJAMIN  B.  THAYER. 

Library  Board,  United  Engineering  Society 

KARL  EILERS^  E.  F.  ROEB£R,« 

ALEX  a  HUMPHREYS.!  E.  GYBBON  8PIL8BURY.« 

BRADLEY  STOUOHTON. 

John  Fritz  Medal  Board  of  Award 

C.  R.  CORNINO,4  ALBERT  SAUVEUR,' 
CHARLES  F,  RAND.i  E.  GYBBON  SPILSBURY.* 

General  Conference  Committee  of  Engineering  Societiee 

J.  PARKE  CHANNING,       BENJAMIN  B.  LAWRENCE,       BRADLEY  STOUGHTON. 
American  Aeeodation  for  the  Aduancement  of  Science 
WALDEMAR  LINDGREN,  JOSEPH  B.  TYRRELL. 

Adrieory  Board  of  the  NaHonal  Conservation  Congreee 

HENRY  8.  DRINKER. 

Committee  on  Standardization  of  Oraphical  Methods 

JUDD  STEWART. 

Committee  on  National  Reserve  Corps  ef  Engineers 

ARTHUR  8.  DWIGHT. 

CommUlee  on  Mining  Law  Revision 

JAMES  R.  FINLAY  HENNEN  JENNINGS. 

D.  C.  JACKLING,  C.  F.  KELLEY, 

EDMUND  B.  KIRBY. 

Nanal  Consulting  Board 

Membera 

WILLLiM  L.  SAUNDERS,  BENJAMIN  B.  THAYER. 
Ataociate  Member* 

STEPHEN  O.  ANDROS,               J.  C.  GREENWAY.  CHARLES  F.  RAND, 
B.  J.  BABCOCK.                            LAFAYETTE  HANCHETT.        FRANK  D.  RASH, 

H.  E.  BATCHELLER.                   H.  G.  HIXON,  R.  H.  RICHARDS. 

A.  A.  BLOW.                                   C.  B.  HOLLIS,  C.  S.  ROBINSON. 
PHILIP  R.  BRADLEY.                 GEORGE  P.  HULST,  WALTER  M.  SAUNDERS. 
J.  L.  BRUCE.                                  FRANK  U.  HUMBERT.  E.  A.  SAYRE, 

D.  W.  BRUNTON,  HENNEN  JENNINGS.  H.  L.  SCAIFl^ 

ALLAN  J.  CLARK,  S.  W.  McCALLIE.  A.  M.  8WARTLEY. 

F.  K.  COPELAND.  A.  J.  McQUATTERS,  PRIESTLEY  TOULMIN, 

B.  F.  CRESSON.  JR.  C.  W.  MERRILL,  W.  E.  TRENT. 
ROBERT  N.  DICKMAN.  P.  N  MOORE.  M.  M.  VALERIUS, 
M.  M.  DUNCAN.  F.  W.  O'NEIL,  W.  D.  WALTMAN, 
T.  C.  DU  PONT.  WALTER  T.  PAGE.  I.  C.  WHITE, 
STANLY  A.  EASTON,  W.  H.  PEIRCE,  ELI  WHITNEY, 
W.  E.  C.  EUSTIS,  JOSEPH  H.  PRATT.  H.  V.  WINCHELL. 
J.  R.  FORDYCE,  J.  C.  RALSTON. 

Committee  on  Engineering  Education 

JOHN  HAYS  HAMMOND.  HENRY  BiARION  HOWE. 

Committee  on  Adoption  of  Metric  System 

GEORGE  F.  KUNZ.  JOSEPH  W.  RICHARDS. 

Committee  on  Classification  of  Technical  Literature 

WILLIAM  p.  CUTTER, 

J,  A,  Holmes  Safety  First  Association 

HENNEN  JENNINGS. 

Pan-American  Engineering  Committee 

WALTER  H.  ALDRIDGE.  W.  H.  LEONARD. 

FREDERICK  K.  COPELAND.  P.  N.  MOORE. 

JOSEPH  W.  RICHARDS. 

Committee  on  Military  Engineering  Lectures 

J.  PARKE  CHANNING,  CHARLES  F.  RAND.  BRADLEY  STOUGHTON, 

ALEX  C.  HUMPHREYS.         WILLIAM  L.  SAUNDERS,       WILLIAM  H.  WILEY. 


1  Unta  Feb.,  1917.        «  Until  Feb.,  1918.        *  Until  Feb.,  1019.        •  Until  Feb.,  1920. 
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TECHNICAL  COMMITTEES 
Ircn  and  SUA 

J08EPH  W.  BICHARD8.  CftolniMm. 
J.  B.  JOHNSON,  Jb.,  ViM-CkakTman. 
ARTHUa-8.  CALLEN,  a^»Marv.  468  ClMrtiiiit  St.,  So. 

SXJB^CoHlflTTBBS 


B«tlikhrai,  Pft. 


XBON  CBS 

DWIQHT  E.  WOODBRIDGB.  Chatmnan, 
ERNEST  F.  BURCHARD,  WHXIAM  EELLT,  CHARLES  F.  RAND, 

FELIX  A.  VOQEL. 


WILLIAM  H.  BLAUVELT, 


QUILLIAEM  AERTSEN. 
FRANK  D.  CARNEY, 


ROBERT  W.  HUNT, 


BLAST  FUBNACBB 

H.  A.  BRASSERT,  Chalfinan, 
AMBROSE  N.  DIEHL. 
RICHARD  V.  MoKAY. 
8TBBL.  WORKS 
HENRY  D.  HIBBARD,  CKairman, 


JAMES  GAYLEY, 


C.  F.  W.  RYS, 

A.  A.  STEVENSON, 

MECHANICAL  TRBATBOBNT 
CHARLES  A.  BUCK.  C%a«^fiMm. 
GEORGE  ME8TA, 


J.  S.  UNGER, 
WILLIAM  R.  WALKER. 


FREDERICK  W.  WOOD. 


FOUNDRY 
RICHARD  MOLDENKE,  Chairmtn^ 
JOHN  H.  HALL,  ENRIQUE  TOUCEDA. 

CHBMI8TRT,   FHTBIC8,   AND  UBTALLOGBAFHY 
HERBERT  M.  BOYLSTON,  Chaimuui, 
WILLIAM  CAMPBELL,  JOHN  A.  MATHEWS,  ALBERT  SAUVEUR, 

HENRY  M.  HOWE,  E.  GYBBON  SPIL8BURY.  LEONARD  WALDO, 

WHLIAM  R.  WEBSTER. 

PdTtAeum  and  Oa» 

ARTHUR  F.  L.  BELL,  CAalmMn. 
WHJilAM  N.  BEST,  Vie^-Chofitman,  DAVID  T.  DAY.  Vio^^hairmQn, 

WnXIAM  B.  PHHXIPS,  VU^-Chairman.  MARK  L.  REQUA,  FiM-Cftoirmafi. 

LEONARD  WALDO.  Swr^ary,  49  Wall  St.,  New  York.  N.  Y. 


RALPH  ARNOLD, 
FREDERICK  G.  CLAPP, 
EUGENE  C08TE, 
EDWIN  T.  DUMBLE, 
JOHN  R.  EDWARDS, 


PHILIP  W.  HENRY, 
HANS  VON  HOEFER, 
ISAAC  N.  KNAPP, 
ANTHONY  P.  LUCAS, 
EZEQUIEL  ORDONEZ, 


FRANCIS  C.  PHILLIPS. 
WALTER  O.  SNELUNO. 
CHESTER  W.  WASHBURNE, 
WILLIAM  L.  WATTS. 
HERBERT  A.  WHEELER, 
WILLIAM  A.  WILLIAMS. 


CoaH  and  Coke 

SAMUEL  A.  TAYLOR.  Chairman, 

EDWIN  LUDLOW,  Vie»-Chairman,  W.  J.  RICHARDS,  VJM-Ckairmam, 

FREDERICK  W.  C.  WHYTE.  FiM-Cke^iiMm. 

WILLIAM   E.  FOHL,  Stcrttanf,  Fftrmen*  Bank  Bldg.,  Pittelnirgh,  Pa. 


S.  B.  BELDEN. 
WILLIAM  H.  BLAUVELT, 
H.  M.  CHANCE. 
THOMAS  H.  CLAGETT, 
ELI  T.  CONNER. 
JAMES  S.  CUNNINGHAM. 
FRANK  W.  DaWOLF, 
E.  V.  D'INVILLIERS, 
W.  W.  DUFPIELD. 
HOWARD  N.  EAVENSON. 
CHARLES  ENZIAN, 
WILIilAM  A.  FORBES, 
WILLIAM  H.  GRADY, 
FRANK  HAAS. 


R.  DAWSON  HALL. 
FRANK  A.  HILL. 
FRANK  ALBERT  HILL, 
CHARLES  F.  RUBER, 
JAMES  ELLWOOD  JONES, 
CHARLES  E;  KREBS, 
GEORGE  J.  KREBS, 
A.  C.  LEISENRING, 
SPENCER  R.  LOGAN, 
EUGENE  MoAULIFFE. 


R.  V.  NORRIS. 
CHARLES  J.  NORWOOD. 
THOMAS  H.  O'BRIEN, 
FRANK  A.  RAY. 
GEORGE  S.  RICE, 
JOHN  J.  RUTLEDGB. 
CARL  8CHOLZ, 
JOHN  ROY  SHARP, 
T.  W.  SPRAGUB, 
ARTHUR  H.  8T0RR8. 


CHARLES  T.  MALCOLMSON,  ISRAEL  C.  WHITE, 
FRANK  A.  MANLEY,  WILLIAM  O.  WILKIN8, 

JOHN  P.  K.  MILLER,  LEWIS  L.  WILLARD. 


Digitized  by 


Google 


Amebican  Ikstitutb  of  Minikg  Ekoineebs 


XXXUl 


PreeUnu  and  Base  Metah 

CHARLES  W.  QOODALB*  Chairman, 

ARTHUR  L.  WALKER.  Vie^Chairman.  ROBERT  C.  GEMMELL.  rf0#-C»a«HiMm. 

DAR8IE  C.  BARD.  SMrHary,  MontAM  Stote  Sohool  of  MinM,  Butto,  Mont. 

StO-CoiDflTTBBS 


LAWRENCE  ADDICK8. 
W.  LAWRENCE  AUSTIN. 
JOHN  C.  GREENWAY. 
LAFAYETTE  HANCHETT, 
L.  OGILVIE  HOWARD, 


F.  L.  BOSQUI. 
PHILIP  R.  BRADLEY. 
CHARLES  BUTTERS, 
ROBERT  C.  CANBY. 
ALLAN  J.  CLARK. 


COPPER 
EDWARD  P.  MATHBWSON,  Chairman, 


FREDERICK  LAIST. 
C.  B.  LAEBNAN, 
GEORGE  W.  BIETCALFE, 
L.  D.  RICKETTS, 
FOREST  RUTHERFORD, 

QOLD   AMD  SILVER 
LYNWOOD  GARRISON,  Chairman, 


GEORGE  D.  VAN  ARSDALE, 
ARTHUR  L.  WALKER. 
ARCHER  E.  WHEELER, 
ALBERT  E.  WIGGIN. 


GEORGE  H.  CLEVENGER, 
HARRY  S.  DENNY, 
JOHN  V.  N.  DORR, 
JAMES  W.  MALCOLMSON, 
CHARLES  W.  MERRILL, 


willet  g.  miller, 
chXrles  H.  MUNRO. 
R.  M.  RAYMOND. 
WHITMAN  SYMMES, 


C.  J.  ADAMI, 
LEONARD  8.  AUSTIN, 
WILLIAM  BRADEN, 
ARTHUR  S.  DWIGHT, 
KARLEILER8, 


S.  E.  BRETHERTON, 
GELA8IO  CAETANI. 


DAVID  H.  BROWNE, 
SIEGFRIED  FISCHER. 
PRANK  L.  HESS. 


MARK  N.  ALUNG, 
SIDNEY  H.  BALLu 
PIERRE  BOUERY, 
C.  C.  BRAYTON, 
NEWTON  CLEAVELAND, 
ROBERT  E.  CRANSTON, 


LEAD 
HEINRICH  O.  HOFMAN,  Chairman, 

HERMAN  GARLICHS.  WILLIAM  A.  SMITH, 

ERNEST  A.  HERSAM,  FREDERIC  R. 

G.  P.  HULST.  RUSH  J.  WHITE, 

SIDNEY  J.  JENNINGS,  C.  W.  WHITLEY, 

FRANK  M.  SMITH.  WILLIAM  WRAITH. 

ZINC 
GEORGE  C.  STONE,  Chairman, 
C.  A.  H.  DbSAULLES, 
W.  McA.  JOHNSON, 
FREDERICK  LAIST, 


D0R8EY  A.  LYON, 
OTTO  RISSMAN. 
C.  E.  SIEBENTHAL. 


MI8CELLANEOUB  ICETALB 
CHARLES  H.  FULTON,  Chairman, 
ZAY  JEFFRIES,  WALTER  M.  STEIN, 

ROBERT  M.  OiENEY.  JOSEPH  STRUTHERS. 

GEORGE  A.  PACKARD,  WILLIS  R.  WHITNEY. 


PLACER  DEPOSITS 
CHARLES  JANIN.  Chairman. 
F.  LYNWOOD  GARRISON, 
J.  J.  HAMLYN, 
W.  P.  HAMMON. 
ROSS  B.  HOFFMANN. 
HENNEN  JENNINGS, 
E.  B.  KIMBALL, 


CHESTER  F.  LEE, 
H.  L.  MEAD, 
F.  L.  MORRIS. 
C.  H.  MUNRO. 
WILLIAM  8.  NOYES. 
EmNRY  C.  PERKINS. 
O.  B.  PERRY. 


Nar^MetaUie  MineraU 

HEINRICH  RIES,  Chairmqn, 
CHARLES  P.  BERKBY,  F<M-C%atrm<m.  GEORGE  F.  KUNZ,  Vie»-^hairman. 

EDWARD  W.  PARKER,  Vie^-Chairman, 
WILLIAM  C.  PHALEN,  5Mr«lory«  U.  8.  Bureau  of  Mines,  WMhington,  D.  C. 
SAMUEL  W.  BEYER,  F.  R.  HEWITT,  WILLET  G.  MILLER, 

H.  A.  BUEHLER,  F.  C.  HOOPER,  WILLIAM  B.  PHILLIPS, 

JOHN  A.  DRESSER,  C.  COLCOCK  JONES,  JOSEPH  HYDE  PRATT, 

R.  D.  GEORGE,  C.  G.  MEMMINGER,  KENNETH  SEAVER. 

FRANK  L.  HESS.  BENJAMIN  L.  MHIER,  THOMAS  L.  WATSON. 


L.  C.  GRATON, 

RAI^PH  ARNOLD, 

JOHN  M.  BOUTWELL. 
H.  A.  BUEHLER. 
MARIUS  R.  CAMPBELL, 
C.  R-  CORNING. 
M.  J.  ELSING, 
WTLX.IAM  H.  EMMONS. 
F.  I.'TNWOOD  GARRISON, 


Mining  Otology 

Chairman, 
JOHN  W.  FINCH,  Vic0-Chairman, 
8eor§tary,  Harrard  Geological  Museum,  Cambridge,  Mass. 


IRA  B.  JORALEMON. 
JAMES  F.   KEMP, 
HENRY  LANDE8. 
ALFRED  C.  LANE. 
CHARLES  K.  LEITH, 
R.  V.  NORRIS, 
ARTHUR  NOTMAN, 
EZEQUIEL  ORDONEZ, 


R.  A.  F.PENROSE.  JBj, 
WILLIAM  B.  PHILLIPS, 
JOSEPH  HYDE  PRATT, 
HEINRICH  RIES, 
RENO  H.  SALES. 
WILLIAM  G.  SHARP, 
HENRY  L.  SMYTH, 
JOSIAH  E.  SPURR. 
M.  E.  WADSWORTH. 
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BENJAMIN 
TRUMAN  H.  ALDRICH,  Jb., 
HANS  C.  BEHR, 
R.  B.  BRIN8MADE, 
DOUGLAS  BUNTING, 
LOUIS  S.  GATES, 
CHARLES  CATLETT, 
FRED  W.  DENTON, 
STANLY  EASTON, 
JAMES  R.  FINLAY, 
R.  C.  GEMMELL, 


MMng  MMod9 

ROBERT  M.  CATUN,  CKafrmam, 

F.  TILLSON,  awretary,  Fnnklin  Furnaoe,  N.  J. 


JOHN  GULIE, 
WILLIAM  L.  HONNOLD, 
JAMES  E.  JOPUNG, 
ROBERT  A.  KINZIE, 
HENRY  KRUMB. 
WILLIAM  H.  LEONARD. 
HENRY  LOUIS, 

JAMES  F.  McClelland, 

SEELEY  W.  MUDD, 
JAMES  B.  RISQUE, 


MILNOR  ROBERTS, 
OSCAR  ROHN. 
GERALD  SHERMAN, 
HENRY  L.  SBTYTH. 
BENJAMIN  W.  YALLAT. 
RUEL  C.  WARRINER, 
SAMUEL  D.  WARRINER, 
GEORGE  WEIR, 
DWIGHT  E.  WOODBRIDGE. 


MUUng  Melhods 

ROBERT  H.  RICHARDS,  Chairman.  M.  K. 

CHARLES  E.  LOCKE,  Swrttarif,  hUm.  Institute  of 


EARL  S.  BARDWELL, 
H.  K.  BURCH. 
CHARLES  BUTTERS, 
GELASIO  CAETANI. 
WILLIAM  A.  CALDECOTT, 
JOHN  M.  CALLOW. 
CHARLES  A.  CHASE, 
DAVID  COLE, 
JOHN  V.  N.  DORR, 
ARTHUR  S.  DWIGHT, 


RUDOLPH  GAHL, 

H.  A.  GUESS, 

H.  C.  HOOVER, 

FREDERICK  LAIST, 

C.  B.  LAKENAN, 

W.  P.  LASS, 

CHARLES  W.  MERRILL, 

HENRY  S.  MUNROE, 

E.  H.  NUTTER, 

C.  Q.  PAYNE, 


RODGBRS,  Vie$-<:hairman, 
T«ohxiolocy,  Boston,  Mmb. 
JOHN  B.  PORTER, 
LEWIS  G.  ROWAND. 
E.  A.  C.  SMITH. 
T.  B.  STEARNS, 
WALTER  G.  SWART. 
ARTHUR  THACHER, 
BULKELEY  WELLS, 
ALBERT  E.  WIGGIN, 
GEORGE  H.  WYMAN,  Jb. 


Mining  Law 

CORNELIUS  F.  KELLEY.  Chaimuin. 
JOHN  W.  FINCH,    Vii»^hairman.  CURTIS  H.  LINDLEY,  Vict-Chairmmi, 

S^eretaiy, 

FREDERICK  T.  GREENE. 

EDWIN  O.  HOLTER, 

EDMUND  B.  KIRBY, 

MARK  L.  REQUA, 

GEORGE  W.  RITER, 


ALBERT  BURCH, 

J.  MURRAY  CLARK, 

WILL  L.  CLARK, 

C.  LORIMER  COLBURN, 

COURTENAY  DbKALB, 

CHARLES  W.  GOODALE, 


WILLIAM  SCALLON, 
CHARLES  H.  SHAMEL, 
FRANK  L.  SIZER, 
JOEL  F.  VAILE. 
WALTER  H.  WILEY, 
HORACE  V.  WINCHELL. 


FRANCIS  O.  BLACKWELL. 
OZNI  P.  HOOD, 
JOHN  LANQTON. 


The  Use  of  EledricUy  in  Minee 

WILLIAM   KELLY,  CKairman, 

THOMAS  H.  LEQGETT,  STEPHEN  H.  PITKIN, 

CHARLES  LEGRAND.  DAVID  B.  RUSHMORE, 

FREDERICK  W.  0*NEIL,  HARRY  M.  WARREN, 

GEORGE  R.  WOOD. 


Safely  and  Sanitation 

HOWARD  N.  EAVENSON.  Chairman.  JOHN  G.  SMYTH.  ViM^ha^mam. 

E.  MALTBY  SHIPP.  Stentary,  2  lUotor  St.,  New  York,  N.  Y. 


NEWELL  G.  ALFORD. 
GEORGE  D.  BARRON, 
WILLIAM  L.  BELL, 
JAMES  L.  BRUCE, 
CHARLES  F.  CHANDLER, 
WILLIAM  L.  CLARK. 
GEORGE  G.  CRAWFORD. 
R.  W.  DEACON. 
WALTER  DOUGLAS, 


THEODORE  DWIGHT, 
CHARLES  T.  FAIRBAIRN, 
CHARLES  W.  GOODALE, 
SIDNEY  J.  JENNINGS, 
ROBERT  A.  KINZIE. 
CORNELIUS  B.  LAKENAN. 
JOHN  LANGTON. 
JOHN  LLOYD. 
SOLOMON  LbFEVRE, 


WILLIAM  W.  MEIN. 

C.  P.  NEILL, 

JAMES  B.  RISQUE, 

FRANCIS  P.  SINN, 

W.  D.  THORNTON, 

W.  R.  WALKER, 

C.  W.  WHITLEY. 

HENRY  A.  J.  WILKEK8, 

ARTHUR  WILLIAMS, 

DWIGHT  B.  WOODBRIDGE. 
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OFFICERS  AND  DUUSCTORS 
For  fhe  year  ending  Febmary,  1917 

Pbbsidsnt 
L.  D.  RICKETTS,* Naw  York,  N.  Y 

PaBT  PfiBSIDaNTB 

BENJAMIN  B.  THAYER,* New  York,  N.  Y. 

WILLIAM  L.  SAUNDERS,* "New  York,  N.  Y. 

First  Vicb-Prbsidbnt 
SIDNEY  J.  JENNINGS,' Nbw  York,  N.  Y. 

Trbasurbr 
GEORGE  C.  STONE,* New  York,  N.  Y. 

Secrbtart  Emeritus 
ROSSITER  W.  RAYMOND, New  York,  N.  Y 

Secrbtart 
BRADLEY  STOUGHTON, New  York,  N.  Y. 

Viob-Presidents 

H.  C.  HOOVER," District  6 San  Francisco,  Cal. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[btjbjbct  to  beyisionI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  prewnted  in  person  at  the 
New  York  meeting,  February,  1917,  wlien  an  abetraot  of  the  paper  will  be  read.  If  this  is  impossible, 
then  dieoiuaion  in  wriUnc  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
89th  Street,  New  York,  N.  Y..  for  presentation  by  the  Secretary  or  other  representatire  of  its  author. 
Unless  sneotal  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1917.  Any  discussion 
offered  tnereafter  should  jireferably  be  in  the  form  of  a  new  paper. 


The  Manganese  Ores  of  the  Lafayette  District,  Minas  GeraeSi  Brazil 

BT  JOSEPH  T.  BINGEWALD,  JR.,*  PH.  D.,  BALTIMORE,  MD.,  AND  BENJAMIN  LEROY  MILLER, f 
PH.  D.,  SOUTH  BETHLEHEM,  FA. 
(New  York  Meeting.  February,  1917) 

Introduction 

Fob  a  number  of  years  Russia,  India  and  Brazil  have  outranked 
all  other  countries  as  producers  of  manganese  ores.  During  the  5 
years  immediately  preceding  the  European  war,  the  average  annual 
production  of  Russia  was  844,000,  of  India  694,000  and  of  Brazil  200,000 
long  tons.  Since  the  outbreak  of  the  war  there  has  been  a  considerable 
falling  off  in  the  Russian  and  Indian  production,  particularly  in  the  for- 
mer, whereas  the  production  of  Brazilian  ores  has  been  greatly  increased, 
amounting  in  1914  to  over  250,000  tons  and  in  1915  to  nearly  350,000, 
with  conditions  favorable  for  a  stiU  larger  production  in  1916.  Manga- 
nese is  one  of  the  few  industrially  important  metals  that  are  not  produced 
in  the  United  States  in  quantity  commensurate  with  our  needs,  so  that 
we  have  been  compelled  to  import  annually  about  300,000  tons,  having 
a  value  of  over  $2,000,000,  and  these  ores  have  been  obtained  from  the 
three  countries  mentioned  above.  Their  rank  as  contributors  to  our 
imports  of  manganese  ores  was  India,  Russia,  Brazil;  and  in  1913, Brazil 
contributed  only  one-fifth.  During  the  past  2  years  Brazil  has  furnished 
rapidly  increasing  quantities  to  this  country,  and,  with  the  falling  off  of 
imports  from  India  and  Russia,  has  become  our  principal  foreign  source. 
In  1914,  Brazil  furnished  two-fifths  of  the  imports  and  more  than  India 
or  Russia,  and  in  1915  over  nine-tenths.  The  manganese  ores  of  Brazil 
are  consequently  of  more  than  usual  interest  to  us  at  this  time. 

The  Manqanese-Ore  Districts  of  Brazil 

The  manganese  mining  industry  of  Brazil  dates  from  the  year  1894, 
and  since  that  year  the  total  production  has  been  over  3,000,000  tons. 
With  the  exception  of  a  small  quantity  produced  in  the  State  of  Bahia 
from  deposits  west  of  the  City  of  Bahia,  this  output  has  come  from  the 

*  Associate  in  Economic  Geology,  Johns  Hopkins  University, 
t  Professor  of  Geology,  Lehigh  University. 
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State  of  Minas  Geraes  and  has  been  exported  through  the.  port  of  Rio  de 
Janeiro.  In  Minas  Geraes  there  are  two  distinct,  though  not  widely 
separated,  manganese  districts,  known  generally  as  the  Miguel-Burnier 
and  the  Queluz  or  Lafayette  districts.  The  Miguel-Burnier  district  was 
the  first  to  be  developed  and  for  a  number  of  years  was  the  more  impor- 
tant producer;  but,  since  the  phenomenal  development  of  the  Morro  da 
Mina  mine,  the  Lafayette  district  has  assumed  far  greater  importance. 
In  order  to  contrast  the  modes  of  occurrence  of  the  deposits  in  the 
two  districts,  a  brief  description  of  the  Miguel-Burnier  district  will  be 
given,  in  the  nature  of  a  summary  of  a  previously  published  fuller  account.^ 
The  deposits  of  this  district  extend  as  a  narrow  belt  about  10  miles  long, 
parallel  to  the  Ouro  Preto  branch  of  the  Estrada  da  Ferra  Central  do 
Bresil,  and  lie  at  the  southern  edge  of  the  great  iron-ore  region  of  central 
Minas  Geraes.  The  orebodies  occur  as  lenses  or  beds  intercalated  in  a 
series  of  sedimentary  strata  showing  a  rapid  succession  of  itabirite,  schist, 
calcareous  schist,  and  limestone.  Stratigraphically  they  are  found  in  the 
upper  part  of  the  Itabira  iron-formation  and  in  the  lower  part  of  the 
overlying  Piragicaba  schist,^  formations  of  probable  Algonkian  age. 
The  ores  are  very  high-grade  manganese  oxides,  chiefly  a  mixture  of 
psilomelane  and  p3nrolusite,  averaging  50  per  cent,  manganese,  1  per  cent, 
silica,  and  0.03  to  0,05  per  cent,  phosphorus.  The  great  drawback  of  the 
district  is  the  fact  that  the  beds  are  steeply  dipping  and  narrow,  rarely 
over  6  ft.  in  width,  so  that  expensive  underground  mining  must  be 
resorted  to,  and  the  individual  deposits  are  relatively  small.  Two  views 
have  been  advanced  to  explain  the  origin  of  the  ores.  H.  K.  Scott,  who 
has  written  the  most  complete  account  of  them,  says:*  "Whatever  may 
have  been  the  original  state  of  the  manganese  ore  bed,  there  can  be  no 
doubt  that  in  its  present  condition,  and  down  to  the  level  to  which  it  has 
been  worked,  it  is  a  residual  deposit  from  which  the  other  elements  have 
been  leached  out."  O.  A.  Derby,  in  a  discussion  of  Scott's  paper, 
endorsed  this  view  and  referred  to  the  original  state  of  the  manganese 
ore  beds  as  limestone  with  varying  proportions  of  metallic  carbonates 
and  siliceous  impiuities.*  On  the  other  hand.  Harder  and  Chamberlin 
gay:6  "From  their  occurrence  it  must  be  assumed  that  they  are  similar 
in  origin  to  the  associated  rocks,  that  is,  that  they  are  original  sedimentary 

^  Joseph  T.  Singewald,  Jr.,  and  Benjamin  LeRoy  Miller:  EUgh-<jrade  Manganese 
Ores  of  Brazil.     The  Iron  Age,  v6l.  97,  pp.  417-420  (1916). 

>  E.  C.  Harder  and  R.  T.  Chamberlin:  Geology  of  Central  Minas  Geraes,  Brazil. 
Journal  of  Geology,  vol.  23,  pp.  358-363  (1916). 

£.  C.  Harder:  Manganese  Ores  of  Russia,  India,  Brazil  and  Chile.  BuUeiin 
No.  113,  p.  788  (May,  1916). 

*  H.  K.  Scott:  Manganese  Ores  of  Brazil.  Journal  of  the  Iron  and  Steel  Institute, 
vol.  67,  pp.  188-189  (1900). 

*  Idem,  p.  212. 
\0p.  cU.,  p.  406. 
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deposits  of  manganese  oxide."  The  same  statement  is  made  by  Harder 
alone/  Our  own  feeling  is  that  while  one  cannot  positively  state  that 
the  ores  were  not  laid  down  in  the  form  of  manganese  oxides  as  integral 
parts  of  a  sedimentary  series,  their  relations  to  the  associated  limestones 
are  such  as  to  make  their  interpretation  as  residual  products  of  decompo- 
sition and  replacement  of  manganiferous  limestone  the  more  probable 
explanation  of  their  origin. 

The  Lafayette  District 

Manganese  deposits  were  discovered  in  the  Lafayette  district  imme- 
diately after  the  inauguration  of  mining  operations  in  the  Miguel-Burnier 
district  stimulated  a  search  for  manganese  ores  in  Minas  Geraes,  but  it 
was  not  until  the  year  1900  that  the  district  became  a  regular  producer, 
an  output  of  31,000  tons  coming  from  the  Piquery  and  Sao  Gongalo 
Mines  in  that  year.  This  was  increased  to  nearly  75,000  tons  the  following 
year,  a  production  considerably  in  excess  of  that  of  the  entire  Miguel- 
Bumier  district.  In  1902,  the  Morro  da  Mina  came  in  as  a  producer  and 
firmly  established  the  district  as  the  chief  manganese-producing  district 
of  Brazil. 

Lafayette  is  a  station,  located  at  the  edge  of  the  town  of  Queluz, 
on  the  Estrada  da  Ferra  Central  do  Bresil,  about  32  km.  south  of  Bumier 
and  462  km.  from  Rio  de  Janeiro.    From  the  fact  that  the  most  important 
producmg  mines  have  been  located  in  its  vicinity  the  district  has  been 
generally  referred  to  as  the  Lafayette  district.    The  most  important 
mine  at  present  is  the  Morro  da  Mina,  owned  and  operated  by  a  Bra- 
zilian company  known  as  the  Companhia  Morro  da  Mina,  which  has 
increased  its  production  to  700  tons  per  day.    It  is  located  7  km.  north- 
east of  Lafayette.    On  the  same  hill,  a  German  company  xmder  the  name 
Minera^Eo  de  Agua  Preta  has  been  working  the  rubble  ores  to  the  east 
of  the  Morro  da  Mina  ground.    This  company  is  producing  at  the  rate 
of  2,000  tons  per  month  and  in  the  6  or  7  years  it  has  been  operating  has 
produced  a  total  of  200,000  tons.    On  a  small  hill  to  the  southeast  of  the 
Morro  da  Mina,  the  extension  of  that  zone  is  being  developed  by  a 
company  known  as  the  Companhia  Queluz  da  Mina.    The  only  other 
producing  mine  is  the  Cocuruto  which  lies  about  40  km.  southwest  of 
Liafayette  and  is  connected  with  the  railroad  at  Christiano,  a  station  23 
km.  further  south,  by  a  60-cm.  gage  line  40  km.  in  length.    This  mine 
has  been  operated  about  7  years  and  is  producing  3,000  tons  monthly. 
It  is  owned  by  a  Belgian  company,  the  Soci6te  Anonyme  de  Manganese 
de  Ouro  Preto,  which  formerly  worked  the  Sao  Gongalo  Mine.    After 
each  had  produced  about  250,000  tons  of  ore,  the  Sao  Gongalo  and 
Rquery  mines  were  abandoned  10  years  ago  as  worked  out.    They 

•  Op,  cU,,  p.  791. 
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were  located  about  15  km.  northwest  of  Lafayette.  The  Kquery 
Mine  is  of  particular  interest  in  that  it  is  the  only  one  of  which  there  is 
is  a  geological  description  and  it  was  there  that  Derby  obtained  the  first 
evidence  of  the  original  character  of  the  manganese  rock  from  which  the 
ores  were  derived. 

In  addition  to  those  mentioned,  a  number  of  other  deposits  have 
been  discovered  and  prospected  to  some  extent,  but  apparently  the  results 
were  not  favorable  enough  to  warrant  further  development  as  none  of 
them  became  important  producers.  It  is  certain,  however,  that  the  dis- 
trict has  not  been  thoroughly  prospected  and  there  is  every  reason  to 
expect  that  systematic  exploration  would  discover  deposits  equal  to 
those  that  have  been  found. 

Geology  of  the  Lafayette  District 

The  geology  of  the  Lafayette  district  differs  markedly  from  that  of 
the  Miguel-Burnier.     It  lies  to  the  south  of  the  area  underlain  by  the 


Fig.  1. — Sharp  Contact  op  Manganese  Orb  and  Country  Rock  in  Morro  da 

MiNA  Mine. 

great  iron-bearing  series,  and  its  ores  are  found  in  the  basement  complex 
of  supposed  Archean  age  which  underlies  a  large  part  of  the  state  of  Minas 
Geraes.  The  rocks  making  up  this  basement  complex  are  chiefly  granite 
and  gneiss  with  which  are  associated  amphibolite,  and  micaceous  and 
quartzose  schists.  There  are  also  small  intrusions  of  diorite  and  gabbro, 
mostly  in  the  form  of  dikes.  The  granite  seems  to  be  intrusive  into  the 
gneiss  and  schist,  but  the  relations  between  the  schist  and  gneiss  are  not 
clear. 
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The  manganese  deposits  occur  as  elongated  masses  of  more  or  less 
lenticular  shape  within  the  rocks  of  the  basement  complex.  As  will  be 
explained  below,  they  represent  residual  products  of  decomposition  of  an 
original  manganiferous  rock  made  up  of  manganese  carbonate  and  sili- 
cates. The  immediate  wall-rock  of  the  deposits  has  likewise  undergone 
decomposition,  in  many  instances  being  nothing  more  than  a  clay  in 
which  the  original  rock  texture  is  poorly  preserved,  so  that  it  is  usually 
difficult  to  determine  its  original  character.  In  most  cases,  however, 
it  seems  to  have  been  either  gneiss  or  schist.  The  contact  of  wall-rock 
and  ore  generally  appears  quite  sharp,  as  is  shown  in  Fig.  1,  but  closer 
examination  often  reveals  small  nests  and  stringers  of  manganese  oxide 
in  the  decomposed  rock.  There  are  also  horses  of  equally  decomposed 
rock  and  of  the  same  character  within  the  orebodies  themselves. 

The  Piquery  Mine 

The  geological  relations  of  the  Piquery  orebody  have  been  described 
by  O.  A.  Derby  in  two  papers  published  in  1901  and  1908,^  and  the  follow- 
ing account  is  abstracted  from  them. 

"The  Piquery  orebody  presents  the  appearance  of  a  mass  of  secondary  material, 
or  gossan,  resulting  from  the  alteration  of  a  vertical  dike  or  vein,  some  10  or  12  m. 
wide.  .  .  .  The  ore  is  a  hard  spongy  black  oxide,  apparently  consisting  for  the  most 
part  of  psilomelane  but  with  an  admixture  of  other  oxides  that  frequently  occur  in 
beautiful  crystallizations  in  the  spongy  cavities.  .  .  .  In  the  midst  of  the  merchantable 
ore  occur  inconstant  bands  and  patches  of  hard  siliceous  material  with  the  appearance 
of  a  quartzite,  but  which  on  examination  proves  to  be  composed  almost  exclusively 
of  a  finely  granular  mass  of  ashy  white  manganese  garnet.  A  complete  series  of  altera- 
tion phases  between  perfectly  typical  garnet  rock  and  merchantable  ore  can  be  readily 
selected,  and  there  can  be  no  doubt  that  the  latter  results'f  rom  the  decay  and  leaching 
of  the  former." 

Derby  describes  three  phases  of  the  garnet  rock  that  he  observed  in 
1901: 

"  1.  A  very  fine-grained,  compact  and  finely  jointed  rock  of  bluish-gray  color  with 
partings  lined  with  asbestus.  Under  the  microscope  the  rock  is  seen  to  be  composed 
almost  exclusively  of  closely  appressed  idiomorphic  grains  of  white  garnet  showing  a 
clear  border  but  with  the  center  highly  charged  with  a  fine  black  opaque  powder  that 
appears  to  be  graphite.  .   .   . 

"2.  A  dark  brown  rock  heavily  charged  with  manganese  oxide  and  too  friable 
to  permit  the  preparation  of  microscopic  sections  is  evidently  of  the  same  type  but 
more  completely  decomposed.  ... 

^  O.  A.  Derby:  On  the  Manganese-Ore  Deposits  of  theQueluz  (Lafayette)  District 
Minas  Geraes,  Brazil.  American  Journal  of  Science,  Ser.  4,  vol.  12,  pp.  18-32  (July, 
1901). 

O.  A.  Derby:  On  the  Original  Type  of  the  Manganese-Ore  Deposits  of  the  Queluz 
District,  Minas  Geraes,  Brazil.  American  Journal  of  Science,  Ser.  4,  vol.  25,  pp. 
213-216  (March,  1908). 
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"3.  A  milky  white  rock  which  under  the  microscope  is  seen  to  be  composed  of 
about  equal  parts  of  garnet  and  quartz.  .  .  .  The  quartz  in  a  fine  mosaic  about 
the  garnet  grains  and  in  minute  refilled  joints  is  almost  certainly  secondary." 

Residues  of  manganese  garnet  were  likewise  found  by  Derby  at  the 
Sao  Gongalo,  Morro  da  Mina,  Agua  Limpa  and  Barroso  Mines.  The 
last  two  mines  were  located  about  10  km.  southeast  and  9  km.  south  of 
Lafayette  respectively.  As  the  result  of  his  observations  at  these  mines, 
Derby  drew  the  following  conclusions  concerning  the  origin  of  the  deposits : 

"The  orebodies  of  the  Queluz  district  are  residual  deposits  derived  through 
decomposition  and  leaching  from  an  original  type  or  types  of  rock  in  which  manganese 
garnet  was  the  most  constant  and  characteristic  silicate  element.  .  .  .  This  type, 
which  may  appropriately  be  denominated  quelwriUf  is  more  or  less  intimately  asso- 
ciated at  Sao  Gongalo,  Morro  da  Mina  and  Barroso  with  decomposed  schistose  rocks 
that  evidently  contained  an  original  manganese-bearing  silicate  and  which  from  the 
absence  of  recognizable  clastic  elements  and  from  other  characteristics,  so  far  as  they 
can  be  made  out,  is  presumed  to  have  been  an  amphibolic  schist  representing  a  sheared 
basic  eruptive.  ...  In  the  Agua  limpa  schist  moreover,  the  manganese-bearing  ele- 
ment is  spessartine,  as  in  the  orebodies,  thus  giving  greater  plausibility  to  the  hypothe- 
sis that  the  relation  between  these  last  and  the  above-mentioned  rocks  may  be  a  genetic 
one.  If  thus  related,  the  orebodies  present  strong  analogies  with  those  of  magnetic, 
titaniferous  and  chromic  iron  ores  that  are  now  generally  considered  as  magmatic 
segregations  in  various  tjrpes  of  eruptives,  and,  all  things  considered,  this  hypothesis 
seems  the  most  plausible  one  for  the  manganese  ores  here  discussed." 

After  the  Piquery  orebody  was  worked  out  and  the  original  manganif- 
erous  rock  was  exposed  in  the  bottom,  Derby  made  a  further  study  of  it, 
the  results  of  which  are  given  in  the  1908  paper.  He  found  that  the  rock 
consists  mainly  of  "a  black,  fine-grained,  highly  jointed  and  somewhat 
flaggy  rock  with  the  aspect  of  a  limestone,  with  broad  bands  and  patches 
of  a  more  massive,  yellowish-gray  rock  with  the  aspect  of  a  quartzite." 
The  latter  is  the  garnet  rock  described  in  the  previous  paper,  but  which 
now  turns  out  to  be  of  secondary  importance.  The  limestone-like  rock 
on  treatment  with  cold  weak  acid  effervesces  freely  with  an  abundant 
separation  of  gelatinous  silica  and  an  insoluble  residue  containing  spes- 
sartite  and  graphite.  In  places  there  is  also  a  considerable  admixture 
of  rose-colored  rhodonite  in  streaks  and  patches  as  the  predominant 
component.  Microscopic  examination  by  Dr.  Hussak  showed  the  rocks 
to  consist  of  manganese  carbonate,  tephroite,  and  spessartite  with  a 
small  amount  of  rhodonite.  The  paper  gives  three  analyses  of  these 
rocks,  of  which  No.  I  was  selected  with  reference  to  a  supposed  high 
carbonate  content,  No.  II  as  having  a  lower  carbonate  content,  and  No. 
Ill  was  taken  from  the  earlier  paper  and  represents  the  garnet  rock  first 
foimd. 

For  the  purpose  of  comparing  the  rocks  represented  by  these  analyses 
with  the  Morro  da  Mina  rocks  described  below,  their  mineralogic  compo- 
sition has  been  calculated  approximately  on  the  basis  of  their  described 
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Analyses  of  Original  Manganese  Rock  at  Piquery 


I 

II 

III 

C02 

22.62 
11.80 
47.52 

4.59 
27.69 
57.48 
1.41 
2.48 
1.82 
4.60 

SiOi 

38.47 

MnO 

27.90 

AI.O1 

7.50 

21.07 

FcjOj 

3,76 
6.27 

7.38 

CaO 

4.70 

MftO 

*  *o^-' 

99.47 

100.05 

99.52 

mineralogic  characteristics.    The  commercial  ores  average  twice  as  high 
in  alumina  as  in  ferric  iron  and  on  this  basis  there  is  just  enough  ferric 
iron  and  alumina  in  analysis  I  to  take  care  of  the  silica  in  forming  spes- 
sartite.    If  all  the  CO2  is  calculated  as  rhodochrosite,  there  is  a  deficiency 
of  4  per  cent.  MnO.    But  there  is  more  than  enough  CaO  and  MgO  to 
take  care  of  this  deficiency,  so  that  roughly  this  rock  consisted  of  32.6 
parts  of  spessartite  and  59  parts  of  manganese  carbonate  by  weight,  or 
32  and  68  parts  respectively  by  volume.     If  in  analjrsis  II,  the  ferric 
oxide  and  alumina  are  calculated  as  manganese  garnet,  the  CO2  as  rhodo- 
chrosite and  the  remaining  silica  as  tephroite,  there  is  a  deficiency  of 
nearly  9  per  cent.  MnO  which  is  slightly  more  than  covered  by  the  CaO 
and  MgO.    On  this  basis  the  rock  consisted  of  12  parts  of  rhodochrosite, 
14.5  parts  of  spessartite  and  75.2  parts  of  tephroite  by  weight,  or  17,  17.5 
and  65.5  parts  respectively  by  volume.    Analysis  III  represents  a  garnet 
rock  with  a  little  more  alumina  and  about  4  per  cent,  more  silica  than  is 
needed  to  take  care  of  the  MnO,  CaO,  MgO  and  iron  considered  as 
ferrous  iron.    On  this  basis  it  consisted  of  65  parts  of  spessartite,  12.6 
of  grossidarite,  and  15.3  of  almandite  by  weight.    Actually,  of  course, 
the  rock  consisted  of  a  garnet  intermediate  in  composition  between  the 
three  but  more  nearly  approaching  the  composition  of  spessartite.    These 
calculations  show  the  same  great  variation  in  the  mineralogic  composition 
of  the  Piquery  rock  that  is  found  at  the  Morro  da  Mina  Mine,  except 
that  rhodonite  does  not  appear  to  have  the  prominence  it  attains  at  the 
latter. 

These  new  observations  necessitated  different  conclusions  and  Derby 
in  this  second  paper  says  of  the  deposits  that  they  "seem  to  be  due  to 
the  alteration  of  an  original  rock  with  predominant  carbonate  of  man- 
ganese and  tephroite  rather  than  of  spessartite  and  rhodonite  as  hitherto 
supposed."  In  regard  to  the  genesis  of  the  rock  he  is  silent  in  this  paper, 
nor  does  he  apply  the  term  queluzite  to  it. 
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The  Morro  da  Mina  Mine 

The  Morro  da  Mina  Mine  is  located  on  a  hill  2  or  3  miles  north  of  the 
town  of  Queluz,  which  has  an  elevation  of  1,110  m.  above  sea  level  and 
rises  to  a  height  of  200  m.  above  the  surrounding  country.     A  branch 


Fig.  2. — Horizontal  Section  of  Morro  da  Mina  Orebodies  at  Level  55  M. 

BELOW  Summit  of  Hill. 

line  of  the  railroad  connects  the  mine  with  the  Estrada  da  Ferra  Central 
do  Bresil  at  Lafayette,  so  that  the  ore  can  be  loaded  into  the  cars  at  the 


Fig.  3. — Somewhat  Drusy  Massive  i^silomelane,  the  Most  Common  Type  of 
Orb  at  the  Morro  da  Mina  Mine. 

mine  and  requires  no  further  handling  until  transferred  to  ships  for  expor- 
tation at  Kio  de  Janeiro.  The  mine  presents  one  of  the  most  remark- 
able manganese  deposits  in  the  world  both  in  respect  to  size  and  quality 
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of  the  ore;  in  fact,  the  manager  of  the  mine,  J.  de  A.  Lustosa,  says  it  is 
the  largest  known  deposit  of  high-grade  manganese  ore.  Since  it  became 
an  important  producer  in  1902,  it  has  yielded  a  total  of  over  1,000,000 
tons,  and  in  1915  its  production  was  about  200,000  tons.  Development 
work  has  proved  an  ore  reserve  of  10,000,000  tons. 

The  orebodies  occur  at  the  top  and  on  the  flanks  of  the  hill  as  a  series 
of  more  or  less  overlapping  lenses  extending  in  a  direction  N  35**  W., 
with  a  vertical  dip  and  a  pitch  of  45**  to  the  southeast.  The  relative 
positions,  shapes  and  sizes  of  the  orebodies  that  have  been  developed  as 
they  occur  on  the  level  55  m.  below  the  top  of  the  hill  are  shown  on  the 
mine  map  in  Fig.  2.  The  four  largest  are  known  as  Zona  I,  II,  III  and 
IV  respectively  and  have  maximum  dimensions  of  200  by  30  m.,  420 


Fio.  4. — Cauuflower-like  Cluster  op  Manganese  Oxides  Found  Quite  Fre- 
quently IN  the  Morro  da  Mina  Ores. 

by  120  m.,  140  by  70  m.,  and  100  by  20  m.  In  depth  Zona  I  and  Zona  II 
have  been  cut  by  a  development  tunnel  130  m.  below  the  summit  of  the 
hill,  indicating  that  the  ores  extend  at  least  that  far  down.  In  addition 
to  the  ores  in  situ,  a  large  part  of  the  hillside  below  the  ore  outcrops  is 
covered  with  rubble  ore  derived  from  them. 

The  ore  consists  for  the  most  part  of  psilomelane,  which  occurs  in 
a  variety  of  forms.  Most  commonly  it  is  simply  more  or  less  drusy 
massive  psilomelane  as  in  Fig.  3,  but  mammillary,  botryoidal  and  con- 
cretionary forms  are  abundant  and  frequently  quite  elaborate.  The 
surface  of  some  of  these,  except  for  the  black  color,  reminds  one  of  cauli- 
flower. A  typical  specimen  is  illustrated  by  Fig.  4.  Associated  with 
the  psilomelane  is  considerable  manganite  and  p3Tolusite  which  occur 
for  the  most  part  as  cavity  linings  and  fillings  in  the  former.  The  man- 
ganite occurs  lining  the  cavities  both  in  radiating  groups  of  acicular  crys- 
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tals  and  in  distinct  prismatic  crystals.  The  pyrolusite  is  often  pseudo* 
morphic  after  manganite  showing  that  it  has  in  part  been  derived  from  it. 
The  average  composition  of  the  ore  as  shipped  is: 

Average  Analysts  of  Morro  da  Mina  Ore 

Water  at  100**  C 2.50  per  cent. 

Volatile 12. 40  chiefly  oxygen. 

Insol.  Residue 3.46 

FetOf-AljOt 8.76  alumina  about  twice  ferric  content. 

SiUca 1.76 

P 0.069 

S Absent 

Manganese 50. 47 

It  is  of  interest  to  compare  this  average  with  the  following  mean  of 
analyses  of  cargoes  of  manganese  ores  landed  at  Middlesborough,  Eng- 
land, during  the  years  1897  to  1906  as  compiled  by  L.  L.  Fermor*  for 
samples  dried  at  100**  C: 

India  Runia 

Mn 50.86  49.58 

Iron 6.31  0.83 

SiUca 5.71  10.17 

P 0, 127  0. 161 

Alumina,  etc 6.80  12.77 

These  figures  indicate  that  the  three  countries  produce  very  high-grade 
ore  with  the  advantage  in  favor  of  the  Brazilian  ores,  particularly  over 
the  Russian,  as  regards  silica  and  phosphorus. 

The  ore  is  mined  by  hand  for  the  most  part  in  open  cuts.  A  number 
of  tunnels  and  adits  have  been  driven,  but  these  were  intended  either  for 
development  purposes  or  to  connect  the  various  open  cuts  to  give  access 
to  the  loading  platforms  and  bins  at  the  railroad.  The  method  in  vogue 
is  to  strip  the  orebody  of  such  overburden  as  it  may  carry,  and  then  as 
the  ore  is  mined  screen  it  over  iron  screens  with  0.8-in.  square  openings. 
The  oversize  is  the  merchantable  ore.  The  screenings  constituting  15 
per  cent,  of  the  crude  ore,  carry  34  to  35  per  cent.  Mn  and  are  being 
stored  apart  from  the  waste  to  be  beneficiated  at  some  future  time.  The 
ore  in  situ  furnishes  two-thirds  of  the  present  output,  and  one-third  is 
derived  from  workings  in  the  rubble  ores. 

The  Original  Manganese  Rock 

Though  decomposition  of  the  original  manganese  rock  has  extended 
to  considerable  depth  in  places  in  the  Morro  da  Mina  Mine,  to  at  least 
130  m.  as  demonstrated  in  the  exploratory  tunnel  previously  mentioned, 

*L.  L.  Fermor:  Manganese-Ore  Deposits  of  India.  Memoirs  of  the  Ge€>Ufgical 
Survey  of  India,  vol.  37,  Pt.  Ill,  p.  518  (1909). 
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portions  of  the  rock  have  escaped  alteration  and  are  well  exposed  in  the 
mine  workings.  A  large  mass  of  the  rock  is  actually  exposed  at  the  sur- 
face at  the  southwest  corner  of  the  outcrop  of  Zona  II.  It  is  character- 
ized by  a  predominance  of  the  siUcates,  and  especially  garnet,  and  for 
that  reason  has  not  succumbed  to  the  processes  of  weathering.  The 
abrupt  transition  from  this  rock  to  ore  is  shown  in  Fig.  5,  and  it  is  only 
the  presence  of  numerous  stringers,  tongues  and  patches  of  manganese 
oxide  penetrating  the  rock  close  to  the  ore  that  makes  clear  their  genetic 
relations.  More  interesting  and  instructive  exposures  are  found  in  the 
130-m.  tunnel.  This  tunnel  crosscuts  in  a  westerly  direction  the  decom- 
posed country  rock  for  120  m.  to  Zona  I,  then  cuts  diagonally  across  it 
in  good  ore  for  150  m.,  and  on  emerging  penetrates  50  m.  of  the  manganese 


Fig.    5. — Sharp  Contact  between   the,  Manganese   Ore   and  the   Original 
Manganese  Rock  Characterized  by  an  Abundance  of  Manganese  Garnet. 

rock  to  the  ore  of  Zona  II.  •  After  again  cutting  50  m.  of  ore,  a  small  horse 
of  the  manganese  rock  is  encountered  with  ore  on  the  opposite  side.  The 
four  contacts  of  ore  and  rock  exposed  in  this  tunnel  showed  the  same  rapid 
change  from  one  to  the  other  with  only  a  narrow  transition  zone  marked 
by  stringers  and  tongues  of  the.  black  manganese  oxide  penetrating  the 
manganese  rock. 

Most  of  this  rock  has  the  appearance  of  a  fine-grained  dark  gray 
crystalline  limestone  and  is  easily  scratched  with  the  point  of  the  pick. 
Its  specific  gravity,  however,  is  considerably  above  that  of  Umestone. 
Here  and  there  are  brown  patches  and  streaks  with  a  violet  tinge  that 
consist  of  massive  garnet,  and  there  are  frequently  spots  and  stringers 
of  pink  rhodonite  that  at  once  attract  attention.     A  closer  examination 
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reveals  the  presence  of  sufficient  light  pink  silicate  in  much  of  the  material 
to  give  a  pinkish  tone  to  its  dominant  gray  color. 

Examination  of  thin  sections  shows  that  the  essential  constituents 
are  manganese  carbonate,  spessartite,  rhodonite  and  tephroite.  Taking 
the  average  of  all  the  rock,  the  manganese  carbonate  is  the  most  abundant 
mineral  and  the  tephroite  the  least  abundant.  The  spessartite  is  more 
widespread  in  its  distribution  but  probably  not  much  in  excess  of  the 
rhodonite  in  actual  quantity.  The  relative  quantity  of  the  different 
minerals  varies  most  widely,  so  that  some  of  the  rock  consists  almost 
entirely  of  one  of  the  minerals  while  some  has  them  present  in  almost 
equal  quantity,  with  the  exception  of  the  tephroite,  which,  in  the  sec- 
tions examined,  was  never  present  in  more  than  subordinate  amount. 
In  this  respect  the  rock  differs  from  the  Piquery  rock  described  by  Derby 
in  which  tephroite  was  prominent  and  rhodonite  a  subordinate  constitu- 
ent. Which  of  the  two  minerals  was  formed  in  a  given  case  depended 
undoubtedly  on  the  relative  amount  of  silica  available,  a  low  silica  con- 
tent giving  rise  to  the  formation  of  the  orthosilicate  tephroite  and  a 
higher  silica  content  to  the  metasilicate  rhodonite. 

A  thin  section  of  a  specimen  most  closely  resembling  crystalline  lime- 
stone consists  almost  entirely  of  anhedral  grains  of  manganese  carbonate 
averaging  between  0.16  and  0.25  mm.  in  diameter.    That  the  carbonate 
is  essentially  manganese  carbonate  rather  than  calcimn  or  magnesium 
carbonate  is  shown  by  the  specific  gravity  of  the  rock,  which  is  3.55. 
The  manganese  carbonate  is  swarming  with  flakes  of  graphite  ranging 
in  size  from  0.03  to  0.08  mm.  and  somewhat  less  abimdantly  with  small 
garnets  ranging  from  0.01  to  0.03  mm.  in  diameter.    In  the  entire  slide 
there  are  only  a  few  small  areas   containing  rhodonite   or  tephroite. 
The  minute  garnets  in  this  slide  differ  from  the  larger  garnets  in  the  more 
siliceous  phases  of  the  rock  in  being  perfectly  clear,  whereas  the  latter  are 
characterized  by  the  presence  of  numerous  minute  black  inclusions  such 
as  described  by  Derby  as  graphite  in  the  rocks  studied  by  him.    Another 
specimen  of  more  siliceous  looking  rock  with  a  pinkish  tone  and  streaks 
of  rhodonite  shows  in  thin  section  manganese  carbonate,  garnet,  rhodo- 
nite and  tephroite  in  abundance.    The  constituents  average  in  size  from 
0.08  to  0.16  mm.  with  a  few  larger  crystals  of  rhodonite.     As  is  generally 
the  case,  the  garnets  are  pronouncedly  euhedral  while  the  other  minerals 
are  anhedral.    A  specimen  of  particularly  siliceous  looking  rock  having 
a  specific  gravity  of  3.8  consists  for  the  most  part  of  rhodonite  with  which 
is  associated  considerable  euhedral  garnet.     The  rock  itself  is  light  brown 
in  color  with  a  distinct  pinkish  tone.     In  addition  to  the  silicates  there 
is  also  an  appreciable- amount  of  the  carbonate  present.    The  garnets 
range  in  size  from  0.10  to  0.15  mm.  and  the  rhodonite  crystals  average 
about  two  or  three  times  as  large.    Other  thin  sections  show  essentially 
similar  features. 


Digitized  by 


Google 


JOSEPH  T.   SINGBWALD,   JR.,   AND  BENJAMIN  LEROT  MILLER       1757 

The  manner  in  which  this  rock  undergoes  alteration  to  manganese 
oxides  is  very  interesting.     A  specimen  undergoing  oxidation  is  illustrated 


Fia.  6. — Polished  Surface  op  the  Original  Manganese  Rock  in  Part 
ALTERED  TO  OxiDES  OF  MANGANESE.  (Black  areas  and  patches  represent  the 
manganese  oxides.) 

in  Fig.  6.     As  the  oxidizing  solutions  penetrate  the  rock  they  first  break 
down   the   manganese  carbonate^   tephroite  and  rhodonite   and  leave 


Fig.  7. — Residual  Garnet  Grains  in  a  Groundmass  of  Manganese  Ore  Re- 
sulting FROM  THE  Oxidation  of  the  Manganese  Rock. 


behind  embedded  in  the  manganese  oxides  the  grains  of  garnet.     That  is, 
oxidation  does  not  run  ahead  decomposing  the  manganese  carbonate  first 
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and  then  as  a  more  advanced  stage  tephroite  and  rhodonite  successively, 
as  one  might  expect;  but  the  three  minerals  are  replaced  simultaneously 
at  the  very  front  of  the  advance  of  oxidation.  A  magnified  polished  sur- 
face of  rock  which  has  undergone  this  first  stage  of  alteration  is  shown 
in  Fig.  7,  in  which  the  garnet  crystals  are  seen  disseminated  in  a  matrix 
of  manganese  oxides.  Such  material  from  this  mine  was  described  by 
Derby  in  his  first  paper  and  both  minerals  considered  primary  elements 
of  the  rock.  In  his  second  paper  he  doubted  this  first  interpretation  and 
was  more  inclined  to  regard  the  manganese  oxide  a  residue  of  the  altera- 
tion of  original  carbonate  and  silicate  minerals  with  retention  of  the 
spessartite.  The  evidence  of  the  thin  sections  makes  clear  that  the 
latter  is  the  true  explanation.  As  this  material  is  further  worked  on  by 
the  oxidizing  solutions,  the  garnet  begins  to  succumb  around  the  peri- 
phery of  the  grains  and  along  fractures  until  finally  it  too  has  been 
replaced  by  the  manganese  oxides. 

Genesis  of  the  Lafayette  Type  op  Deposit 

The  manganese  deposits  of  the  Lafayette  district  inevitably  call  to 
one's  mind  the  Indian  deposits  which  Ukewise  consist  of  manganese 
oxides  associated  with  manganese  silicate  rocks,  and  as  we  shall  have  occa- 
sion to  refer  to  them  in  the  discussion  of  their  genesis,  it  will  be  helpful 
to  summarize  at  the  outset  certain  of  the  salient  features  of  the  Indian 
deposits  as  described  by  L.  L.  Fermor.®    There  are  two  main  types  of 
manganese  deposits  in  India,  associated  respectively  with  the  kodurite 
and  gondite  rocks.     The  former  are  found  in  the  Vizagapatam  district 
on  the  east  coast,  the  latter  in  the  Central  Provinces  and  other  parts  of 
India.     Typical  kodurite  is  composed  of  potash  feldspar,  manganese 
garnet  and  apatite,  with  or  without  pyroxene.     From  the  mineralogical 
and  chemical  composition  of  the  rock  and  its  geologic  relations,  Fermor 
concludes  that  kodurite  is  an  igneous  rock.     It  was  subjected  to  altera- 
tion imder  oxidizing  conditions  and  gave  rise  to  the  manganese  ores.      He 
finds  that  the  manganese  garnet  is  the  most  stable  mineral  and  is  often 
left  behind  in  a  matrix  of  psilomelane.     To  the  gondite  rocks  he  gives 
an  entirely  dififerent  interpretation.     He  thinks  they  were  originally 
deposited   as   sediments   and   the   manganese  which  they  contain    as 
chemical  sediments,  most  probably  in  the  form  of  oxide,  though  [>erhap8 
to  a  limited  extent  as  carbonate.     These  sediments  were  later  subjected 
to  intense  dynamo-metamorphism,  and  where  they  consisted  of  relatively 
pure  chemical  sediments  of  manganese  were  converted  into  compact 
psilomelane  and  braunite.    Where  alumina  and  siUca  had  also  been  de- 
posited, spessartite  and  rhodonite  were  formed,  and  if  there  was  an  ex- 
cess of  silica  it  was  crystallized  as  quartz.    The  resultant  rock  is  called 

•  Op.  cU. 
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gondite.  Typical  gondite  is  a  very  fine-grained  rock  consisting  of  tiny 
round  grains  of  spessartite  set  in  a  mosaic  of  quartz.  Where  alumina 
is  deficient  rhodonite  is  found.  The  ores  associated  with  the  gondite 
rocks,  Fermor  believes  are  the  result  of  combined  decomposition  and 
replacement  of  them  by  waters  containing  CO2  and  O,  but  that  this  action 
took  place  at  considerable  depth  and  that  the  carbon  dioxide  was  a  por- 
tion of  that  liberated  in  the  metamor'phism  of  the  rocks  of  the  region  and 
the  oxygen  a  portion  of  that  liberated  in  the  conversion  of  the  original 
manganiferous  sediments  into  the  manganese  silicate  rocks.  A  small 
proportion  of  softish  and  more  or  less  porous  ore  he  attributes  to  the  later 
surficial  alteration  of  the  gondite. 

An  explanation  of  the  genesis  of  the  Lafayette  manganese  deposits 
involves  two  problems:  First,  the  genesis  of  the  original  manganese 
rock;  second,  the  alteration  of  it  to  manganese  oxides,  that  is,  to  the 
manganese  ores. 

As  the  evidence  is  beyond  question  in  regard  to  the  second  stage  in 
the  formation  of  these  ores,  that  problem  will  be  discussed  first.    The 
manner  of  occurrence  of  the  orebodies,  as  for  instance  the  change  in 
depth  of  the  Piquery  ores  into  the  manganese  rock,  the  abundant  evi- 
dence of  the  alteration  near  the  surface  of  the  manganese  rock  into  ore 
and  the  microscopic  evidence  of  the  same  phenomenon,  point  unmistak- 
ably to  the  derivation  of  the  ores  from  the  manganese  rock  under  condi- 
tions of  weathering  in  the  zone  of  oxidation.    That  is,  the  ores  were 
formed  under  conditions  similar  to  those  that  gave  rise  to  the  ores  of  the 
kodurite  rocks  of  India  and  not  as  Fermor  thinks  most  of  'the  ores  in 
the  gondite  series  were  formed.     The  chemistry  of  the  alteration  of  the 
Brazilian  manganese  rock  is  simple  compared  with  that  of  the  kodurite. 
The  principal  constituents  to  be  removed  are  the  CO2  of  the  manganese 
carbonate  and  the  SiOa  of  the  siUcates.     Examples  of  the  efficacy  of 
meteoric  waters  for  that  purpose  are  so  abundant  and  generally  recog- 
nized that  this  part  of  the  process  hardly  requires  elaboration.    The 
universal  alteration  of  iron  carbonates  to  oxides  and  hydroxides  in  the 
zone  of  oxidation  and  the  enormous  amount  of  silica  removed  from  the 
iron  silicates  in  the  formation  of  the  Lake  Superior  iron  ores  are  illustra- 
tions of  the  same  chemical  actions  on  similar  compounds  of  a  chemically 
closely  related  element.    In  the  kodurite  rocks  the  removal  of  consider- 
able alumina  was  also  necessary  and  the  chemistry  of  this  was  the  only 
step  that  Fermor  found  at  all  difficult  to  explain.      But  even  the  very 
sli^t  solubiUty  of  alumina  in  ordinary  dilute  meteoric  waters  he  thought 
would  suffice  for  its  ultimate  removal.     This  difficulty,  however,  hardly 
enters  in  om*  problem.    Except  in  the  case  of  the  local  phases  of  garnet 
rock,  which  has  anyhow  to  a  large  extent  resisted  alteration,  the  alumina 
content  of  the  original  rock  is  no  higher,  and  the  few  available  analyses 
would  indicate  actually  a  Uttle  lower,  than  that  of  the  ores;  and,  further- 
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more,  the  total  amount  involved  in  either  is  not  over  5  per  cent.     Conse- 
quently the  problem  of  the  removal  of  silica  does  not  confront  us. 

The  ores  have  been  described  as  somewhat  porous  and  drusy,  but  by 
no  means  to  such  an  extent  as  would  be  called  for  if  they  merely  repre- 
sented the  residual  product  of  leaching  of  manganese  carbonate  and 
silicates.  Nor  is  there  evidence  to  indicate  that  their  preeent  more 
compact  form  is  due  to  shrinkage  in  volimie  or  compression  of  the  residual 
manganese  oxides;  but  the  evidence  both  megascopic  and  microscopic 
shows  that  the  decomposing  solutions  deposited  manganese  oxide,  vol- 
tune  for  volume  for  the  silica  and  carbon  dioxide  removed.  Meteoric 
waters  encountering  such  large  quantities  of  manganese  carbonate  oer- 


FiG.  8. — View  of  South  End  of  Open  cut  of  the   Morro  da  Mina  Mine,  Said 
TO  BB  THE  Largest  Known  Deposit  of  High-Grade  Manganese  Ore. 

tainly  took  a  great  deal  of  it  into  solution  as  manganese  bicarbonate 
which  would  be  deposited  at  other  points  as  the  oxide;  and  in  this  way 
the  deposition  of  manganese  oxide  accompanied  the  leaching  of  the  other 
constituents  of  the  rock.  The  alteration  of  the  manganese  rock  to  ore 
was,"  therefore,  one  of  simultaneous  leaching  and  addition,  resulting  in 
a  relatively  compact  mass  of  the  oxides.  The  present  drusy  character 
of  some  of  the  ore  is  clearly  the  result  of  subsequent  action  of  solution  and 
redeposition  by  meteoric  waters  upon  the  manganese  oxides  formed  in 
this  way. 

The  problem  of  the  origin  of  the  manganese  rock  is  not  so  easy  to  solve. 
One  is  at  once  confronted  with  the  fact  that  our  knowledge  is  rather 
meager  concerning  the  exact  nature  of  the  rocks  with  which  it  is  associated 
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and  its  geologic  relations  to  them,  a  full  knowledge  of  which  is  essential 
to  a  final  solution.  The  chemical,  mineralogic  and  petrographic  char- 
acters of  the  rock,  however,  do  rule  out  some  explanations,  and  point 
strongly  to  another.  Further,  the  geologic  relations  that  are  reasonably 
well  established  are  not  at  variance  with  this  explanation  but  in  a  measure 
support  it.  That  is,  the  siun  of  all  evidence  points  to  an  analogy  of  this 
rock  with  the  gondite  of  India.  We  believe  that  the  rock  is  the  product 
of  dynamo-metamorphism  of  manganese  sediments  deposited  in  the  form 
of  manganese  carbonate  with  var3dng  but  considerable  quantities  of 
silica  and  var3dng  but  smaller  quantities  of  alumina.  These  sediments 
differed,  therefore,  initially  from  the  gondite  sediments  in  averaging 
much  lower  in  siUca,  and  by  the  deposition  of  the  manganese  in  the  form 
of  carbonate  instead  of  oxide;  and  this  initial  difference  in  composition 
accounts  for  the  present  difference  in  mineralogy  of  the  two  rocks. 

The  greater  resistance  to  decomposition  of  the  garnet  in  the  manganese 
rock  at  the  Piquery  mine  led  Derby  in  1901  to  the  erroneous  conclusion 
that  it  consisted  essentially  of  manganese  garnet  and  to  establish  the 
rock  type  queluzite  to  which  he  attributed  an  igneous  origin.  Later,  in 
1908,  he  found  that  the  garnet  rock  was  but  a  subordinate  phase  of  an 
entirely  different  type  of  rock  which  is  essentially  the  same  as  that  which 
we  found  abundantly  at  the  Morro  da  Mina  Mine.  Attention  has  been 
called  to  the  fact  that  in  this  later  paper  he  does  not  apply  the  term 
queluzite  to  this  rock  and  ventures  no  opinion  as  to  its  genesis.  Though 
he  did  not  specifically  retract  his  earlier  statement,  the  presumption  is 
that,  in  the  light  of  the  discovery  that  the  original  rock  was  entirely 
different  from  what  he  had  supposed,  he  abandoned  his  interpretation  of 
its  origin.  In  the  meantime,  L.  L.  Fermor,*°  on  the  basis  of  Derby's  first 
paper,  drew  an  analogy  between  this  rock  and  his  kodiurite  as  regards 
their  genesis,  though  calling  attention  to  their  dissimilarity  in  composi- 
tion. A  persistence  of  this  same  view  is  manifested  in  the  statement  by 
Harder  and  Chamberlin^^  in  their  discussion  of  these  ores  that  ''manga- 
nese  ores  associated  with  igneous  rocks,  such  as  those  described  above, 
occur  abundantly  in  India — "  and  the  statement  by  Harder ^^  that  "The 
relation  of  the  manganese  rock  to  the  enclosing  crystalline  rocks  has  not 
been  definitely  determined;  it  may  be  interlayered  with  the  gneiss  or 
crystalline  schist,  or  perhaps  intrusive  into  them.*'  The  chemical  and 
mineralogic  composition  of  this  rock  as  now  estabUshed  at  both  Piquery 
and  Monro  da  Mina  effectually  precludes  an  igneous  origin  for  it  and 
demonstrates  the  presence  of  an  original  carbonate  rock. 

Even  before  Derby's  second  paper  appeared,  a  view  at  variance  with  it 


"  Op,  cU,,  pp.  273-274. 
"  Loc.  cit.,  p.  405. 
"Loccti.,  p.  790. 
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was  expressed  by  his  associate  E.  Hussak.^'  He  regarded  the  spessartite 
rock  described  by  Derby  together  with  a  banded  spessartite-rhodonite 
rocky  which  he  mentions  as  occurring  on  the  periphery  of  the  Piquery 
orebody,  the  products  of  contact  metamorphism  by  the  eruptive  gneiss 
of  impure  manganese  carbonate  sediments.  The  postulation  of  the  deri- 
vation of  the  silicates  from  manganese  carbonate  in. advance  of  the  dis- 
covery of  the  presence  of  large  amounts  of  carbonate  is  interesting. 
Beyschlag,  Krusch  and  Vogt^^  are  inclined  to  carry  Hussak's  ideas  a  step 
further  and  suggest  that  the  manganese  may  have  been  contributed  as 
part  of  the  process  of  contact  metamorphism.  That  this  was  not  the  case 
is  proved  by  the  fact  that  the  carbonate  still  present,  constituting  a '  large 
percentage  of  the  rock,  is  the  manganese  carbonate;  and  that  consequently 
the  original  carbonate  was  a  manganese  carbonate.  There  remains  to 
decide  between  the  view  of  Hussak  that  the  rock  is  the  result  of  contact 
metamorphism  of  sedimentary  beds  of  impure  manganese  carbonate  and 
our  own  that  it  is  a  product  of  dynamo-metamorphism  of  such  beds. 
In  the  first  place,  the  country  rock  of  the  ore  deposits  is  not  every- 
where gneiss,  but  is  in  some  cases  schist,  and  these  schists  are  admitted 
to  be  metamorphosed  sediments'.  Nor  are  all  of  the  gneisses  necessarily 
igneous,  though  it  has  been  generally  held  that  they  are  such  for  the  most 
part.  Consequently  the  presimiption  is  against  assuming  an  igneous 
contact  for  all  of  the  deposits.  In  the  second  place,  the  texture  and 
appearance  of  the  silicates  is  not  that  of  typical  skarn  minerals,  or  prod- 
ucts of  contact  metamorphism;  but  it  is  that  of  silicates  crystallized  in 
a  carbonate  rock  that  has  been  subjected  to  regional  metamorphism. 
The  reply  might  be  made  that  the  whole  region  has  been  subjected  to 
dynamo-metamorphism  subsequent  to  the  contact  metamorphism,  but  it 
is  equally  true  that  the  texture  of  the  rock  is  not  what  one  would  expect  to 
result  from  a  skarn  rock  subjected  to  regional  metamorphism.  On  the 
other  hand,  we  cannot  escape  the  conclusion,  demanded  by  both  hypothe- 
ses, that  there  first  existed  impure  manganese  carbonate,  and  it  is  obvious 
that  the  rocks  have  imdergone  regional  metamorphism.  The  inevitable 
result  would  be  a  rock  such  as  we  have.  Our  explanation  is,  therefore, 
in  harmony  with  the  available  evidence  and  makes  the  manganese  rock 
of  the  Lafayette  district  genetically  identical  with  the  gondite  of  India, 
the  mineralogic  difference  of  the  two  rocks  being  due  to  their  initial  dif- 
ference in  chemical  composition. 

^*  Eugen  Hussak:  Ueber  Atopit  aus  den  Manganerzgruben  von  Miguel  Bumier, 
Minas  Geraes,  Brasilien.  CerUrcMatt  fur  Mineralogie,  Geologie  und  Pal&ontologie,  1905, 
pp.  240-246. 

Eugen  Hussak:  "Uber  die  Manganerzlager  Brasiliens.  Zeitschrift  fUr  prakiuche 
Geologie,  vol.  14,  pp.  237-239  (1906). 

i«  Beyschlag,  Krusch,  Vogt:  Die  LagerMUen  d&r  ntUzharen  Mineralien  und 
GesUine^  vol.  2,  p.  596  (1913). 
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TRANSJLCTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINBBB8 
[SUBJBCT  TO  BBVIfllONl 

^,  DKCUSSION  OF  THIS  PAPER  IS  INVITED.  It  shoald  iveferably  be  presented  in  penon  at  the 
New  York  meeting  February.  10] 7,  when  an  abstract  of  the  paper  wiU  be  read.  If  this  is  impossible. 
then  dismission  in  wrhinc  may  be  sent  to  the  Editor.  American  Institute  of  Mininc  Engineers,  39  West 
aoth  Streetf  New  York,  N.  Y.,  for  presenUtion  by  the  Secretary  or  other  represenUtive  of  its  author, 
unless  speeial  arrancement  is  made,  the  discussion  of  thia  paper  will  close  April  1, 1017.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Recent  Geologic  Developments  on  the  Mesabi  Iron  RangOi  Minnesota 

BY  J.    F.   WOLFF,   B.   M.*,  DULUTH,   MINN. 
(New  York  Meetins,  February,  1017) 

During  the  past  4  or  5  years,  much  has  been  added  to  the  detailed 
geologic  knowledge  of  the  Mesabi  Range.  This  has  not  been  in  the  direc- 
tion of  discovery  of  any  new  fundamental  facts,  but  of  detailed  study, 
subdivision  and  correlation  of  different  parts  of  the  whole  formation  and 
of  individual  orebodies.  Prior  to  this  time,  mining  engineers  in  the  dis- 
trict were  so  engaged  with  the  commercial  interests  of  exploring  and 
developing  orebodies  that  close  geologic  study  and  subdivision  was  done 
in  only  a  few  instances.  The  demand  for  refinements  of  work  in  this 
direction  has  caused  extensive  structural  subdivision  and  correlation  to 
be  done  in  all  exploration  work  during  the  past  4  years  by  the  engineers 
of  the  Oliver  Iron  Mining  Co.  Such  work  has  become  a  commercial 
necessity  rather  than  a  scientific  refinement,  and  at  the  present  time  is 
being  extended  to  all  parts  of  the  Range. 

In  the  summer  of  1914,  the  author  of  this  paper  wrote  a  series  of 
articles  on  the  orebodies  and  special  features  of  the  Mesabi  Range,  which 
was  published  in  the  Engineering  and  Mining  Journal^  issues  of  July  17  to 
Aug.  7, 1915.  Since  that  time  studies  of  subdivision  of  the  iron-formatioii 
have  been  extended  considerably.  The  principle  feature  of  this  paper 
is  the  presentation  of  the  subdivisions  of  the  iron-formation.  To  this  is 
added  a  discussion  of  the  relations  of  the  orebodies  to  the  gentle  folding 
and  fracturing  of  the  formation^  and  special  features  of  the  Range. 

The  outline  will  be  as  follows: 
I.  General  geology. 
II.  Subdivision  of  Biwabik  iron-formation. 

III.  Relation  of  orebodies  to  folding  and  fracturing  of  the  iron- 
formation. 

IV.  Special  features. 

Acknowledgment  is  due  to  W.  J.  Olcott,  President,  and  John  Uno 
Sebenius,  General  Mining  Engineer,  of  the  Oliver  Iron  Mining  Co.,  for 
permission  to  use  the  information  presented  in  this  paper. 

*  Mining  Engineer,  Oliver  Iron  Mining  Co.,  Duluth,  Minn. 
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General  Geology 

Correlation 

Although  the  general  geology  of  the  Mesabi 
Range  has  been  described  most  exhaustively  in 
U.  S.  Geological  Survey  Monographs  Nos.  43  and  52, 
and  elsewhere,  a  short  synopsis  may  be  a  necessary 
preliminary  to  the  detailed  discussion  of  the  Range 
presented  in  this  paper,  because  many  of  the  readers 
of  this  article  may  be  unfamiliar  with  the  above 
publications  or  the  general  geology  of  the  Mesabi 
district. 

The  topographic  feature  of  the  Mesabi  Range  is 
a  line  of  fairly  prominent  and  continuous  hills  rang- 
ing in  elevation  from  1,400  to  1,900  ft.  above  sea 
level,  composed  of  a  complex  of  granites,  green- 
stones, green  schists,  slates,  graywacke  and  con- 
glomerate.     Resting  unconformably  upon  this 
basement  complex,  and  sloping  away  at  a  gentle 
angle  to  the  southeast,  is  a  series  of  sedimentary 
rocks,  the  middle  member  of  which  is  iron-bearing. 
The  outcrop  of  this  iron-bearing  member  is  the       ^llin 
geologic  feature  known  as  the  Mesabi  (or  Missabe) 
Iron  Range.    Within  this  formation  the  iron  ore- 
bodies  are  found.    Its  outcrop  has  been  traced 
by  explorations  from  Sec.  12,  T.  142  N.,  R.  25 
W.,  northeastward  to  Birch  Lake,  in  Sec.  26,  T.  61 
N.,  R.  12  W.,  a  distance  along  the  strike  of  about 
112  miles.     Its  width  varies  from  ^  to  3  miles, 
due  to  variation   in  the  dip  and  thickness.     The 
sedimentary  series  above  mentioned  consists  of  a 
basal  quartzite,  named  Pokegama,  an  intermediate 
iron-formation,  named  Biwabik,  and  a  top  black 
slate^  named  Virginia  slate. 

The  location  and  genergJ  extent  of  the  Range  \^ 

is  shown  on  the  Map,  Fig.  1.  The  general  rela-  ^|lli0^ 
tions  of  the  iron-bearing  member  to  associated  1  Jril"^ 
rocks  are  shown  by  the  cross-section,  Fig.  2,  better  I'M 

than  further  description  could  explain.  % 

Instead  of  the  complete   correlation   table  as 
given  by  the  U.  S.  Geological  Survey,  a  simplified 
geolo^c  column  is  herewith  given,  which  is  adequate  for  the  engineer  in 
the  district. 
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Quaternary  System 

Pleistocene  Series Glacial  drift,  0  to  300  ft. 

Unconformity. 

Cretaceous  System Conglomerates  and  shales,  0  to  50  ft. 

Unconformity 
Algonkian  System f  Duluth  Gabbro         f  j,^^  ^^^  ^^  ranoe 

Keweenawan  Series \  Embarrass  Granite  \  ^^' 

Unconformity  f  Virginia  slate  0  ft.  to  great  thickness.    Biwabik 

Upper  Huronian  Series \  Iron-formation,  475  to  775  ft.    Pokegama  Quart- 

(Sedimentary)  [  rite,  50  to  150  ft. 

Unconformity  f  Basement    complex    of     Slate-graywadce-con- 

Algonkian  and  Archean  Series \    glomerate   series,  granites,  greenstones,  green- 

[    schists  and  porphyries. 

From  a  commercial  standpoint  the  Upper  Huronian  series,  Virginia 
Slate,  Biwabik  Iron-formation,  Pokegama  Quartzite  are  the  ^important 
rocks  of  the  district. 

The  characteristics  of  the  different  formations  need  not  be  discussed. 
This  will  be  done  for  the  iron-formation  later  on. 

Orebodies 

The  Upper  Huronian  Quartzite-Iron-formation-Slate  series  is  an 
ordinary  (except  for  the  iron)  series  of  clastic  sediments,  deposited  in 
fairly  shallow  water,  contemporaneous  with  the  middle  member  of  which 
was  deposited  or  precipitated  out  of  solution  an  enormous  quantity  of 
iron,  chiefly  in  the  form  of  a  ferrous  silicate,  FeSiO;,  occurring  as  coarse 
and  minute  green  granules  of  the  mineral  greenalite,  embedded  in  a 
matrix  of  chert.  Iron  carbonate,  grunerite,  amphibole,  actinolite,  and 
hematite  occur  in  small  quantities.  Original  magnetite  in  bands  and 
finely  disseminated  grains  occurs  in  much  larger  quantity  than  has  been 
recognized  heretofore,  in  all  parts  of  the  district.  The  bedding-planes  of 
all  three  members  are  approximately  parallel.  Interbedded  with  the 
iron-formation  in  certain  horizons  are  numerous  slate  layers,  varying  in 
thickness  from  a  few  inches  to  many  feet.  The  iron-formation  from 
Virginia  slate  to  quartzite  varies  in  thickness  from  475  to  775  ft.,  the  aver- 
age being  about  600  ft. 

After  this  series  of  sediments  had  been  laid  down,  earth  movements 
raised  them  above  water  level,  allowing  erosive  agencies  to  cut  through 
the  overlying  slate  into  the  underlying  formations.  These  earth  move- 
ments warped  the  formations  and  cracked  the  brittle  iron-formation 
quite  extensively,  allowing  surface  waters  to  enter  its  upturned  edges. 
Especially  where  such  cracking  was  pronounced,  the  ground-waters 
entering  the  iron-formation,  carrying  carbon  dioxide  in  solution,  attacked 
the  ferrous  iron  compounds  and  oxidized  them.  In  such  localities  much 
of  the  ferrous  silicate  has  been  changed  to  a  hematite-chert  rock,  the 
hematite  occurring  as  bands  and  as  disseminated  particles  in  the  chert, 
the  rock  still  retaining  its  solidity.    The  whole  iron-f ^mation,  whether 
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thus  altered  or  not,  is  a  ferruginous  chert  with  interbedded  slate  layers 
and  locally  is  called  "taconite."  This  term  should  apply  strictly  to  the 
ferruginous  chert  and  not  to  the  slate  layers,  though  in  some  horizons 
the  slate  bands  and  chert  layers  are  so  intimately  interbedded  as  to  make 
a  distinction  quite  impossible. 

Where  the  cracking  has  been  most  intense  the  circulation  of  ground- 
water has  been  most  vigorous,  the  solvents  in  the  ground-waters  have 
leached  out  the  silica  and  other  minor  constituents  of  the  rocks  and  have 
oxidized  and  left  in  place  the  iron.  Such  residu£kl  material  now  consti- 
tutes the  orebodies.  They  are  surrounded  on  all  sides  by  the  rock  walls 
of  the  iron-formation  from  which  they  are  derived.  Pore-space  was 
developed  by  this  removal  of  silica  and  the  settling  or  slumping  in  place 
of  the  layers  of  the  orebodies  is  a  characteristic  feature.  The  typical 
orebody  thus  developed  has  a  trough  structure  and  an  irregular  trough 
shape.  Orebodies  vary  in  size  from  a  few  acres  to  several  hundred  acres, 
and  from  a  few  feet  to  several  hundred  feet  in  thickness.     In  many 


SCALE 


Fig.  3. — Plat  Showing  Shape  and  Area  op  Typical  Orebodies. 

places  small  troughs  unite  to  form  a  large  one.  Fig.  3  shows  the  shape 
and  area  of  a  typical  orebody.  While  the  trough  orebody  is  the  typical 
one,  there  are  two  other  types,  namely,  the  flat-layered  body  and  the  fis- 
sure-type orebody.  The  former  is  either  the  remnant  left  by  the  erosion 
of  a  former  trough-body  or  it  is  an  ore  layer  continuing  down  the  dip  from 
a  trough-body.  Usually  such  a  layer  has  a  rock  (slate)  capping.  The 
fissure-type  orebody  is  an  incompletely  developed  trough-body  and  is 
usually  associated  with  a  larger  trough  orebody.  Fig.  4  shows  the 
development  of  a  trough  orebody  on  the  axis  of  an  anticline,  where  crack- 
ing has  been  pronounced.  All  four  stages  here  shown  can  be  observed 
in  the  field.  Notice  the  slumping  of  ore  layers  near  the  rock  walls.  The 
features  of  the  three  diflferent  types  of  orebodies  were  discussed  at  length 
in  the  Engineering  and  Mining  Journal^  July  17  to  Aug.  7,  1916,  and  will 
not  be  repeated  here. 
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A^-Ttnsion  Cracks   in  Iron-Fermdtion  on  Axis  of  an  Anticline. 
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Fig.  4. — Cross-Sections  Showing  Stages  in  Development  op  a  Trottgh  Oas<- 

BODT  ON  THE   AxiS  OF  A  GeNTLB  ANTICLINB. 
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Covering  the  entire  iron-formation,  except  at  a 
few  isolated  spots,  is  a  mantle  of  glacial  drift, 
varying  in  thickness  from  a  few  feet  to  300  ft. 

Subdivisions  of  the  Iron-Formation 

Detailed  Subdivision 

The  item  of  principal  interest  and  most  practical 
value  to  mining  men  in  the  Mesabi  district,  pre- 
sented in  this  paper,  is  the  subdivision  of  the  iron- 
formation  into  its  several  horizons.  As  indicated 
above,  the  engineers  of  the  Oliver  Iron  Mining  Co. 
have  found  it  absolutely  essential  to  do  this  kind 
of  work  in  the  exploration  and  development  of  their 
orebodies.  Undoubtedly  others  will  meet  with  the 
same  experience.  The  determination  of  the  struc- 
ture of  an  orebody  depends  upon  the  proper  sub- 
division and  correlation  of  the  different  ore  and 
rock  layers  in  the  drill  records. 

Such  correlation,  not  only  in  one  area  but  over 
the  length  of  the  Range,  has  shown  that  the  forma- 
tion can  be  subdivided  into  four  principal  horizons, 
each  of  which  has  remarkably  uniform  character- 
istics from  one  end  of  the  Range  to  the  other. 
Each    horizon    can    be    subdivided    further.     Of 
course,  the  thickness  of  each  horizon  is  not  uniform 
becaxise  the  thickness    of    the    whole    formation 
varies.     There    are    local    peculiarities    in    some 
places,  but  these  do  not  destroy  the  major  sub-  I 
divisions.     This  subdivision  and  correlation    has 
been  done  chiefly  by  F.  B.  Cronk,  Mining  Engi- 
neer for  the  Oliver  Iron  Mining  Co.,  and  the  writer. 
Fig.  6  shows  the  four  subdivisions  which  can  be 
made  in  any  part  of  the  Mesabi  district.     From 
the    top   down  they  are,   Upper   Slaty  Horizon, 
Upper  Cherty  Horizon,  Lower  Slaty  Horizon  and 
Lower  Cherty  Horizon.     They  are  named  from  the 
predominant  physical  characteristic  of  the  rock  in 
them.      Commercially  the  two  cherty  horizons  and 
Lower  Slaty  Horizon  are  most  important,  as  the 
principal  orebodies  occur  in  them.    The  two  cherty 
horizons  contain  very  few  slate  seams,   but  the 
slaty    horizons  contain  a  considerable  number  of 
interbedded  chert  layers  and  a  great  amount  of  greenalite.    The  lower 
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half  of  the  Lower  Slaty  Horizon  contains  the  most  slate,  the  bottom  30 
ft.  or  so  being  almost  pure  slate.  But  the  upper  half  is  slaty  or  banded 
in  structure  rather  than  in  composition. of  the  rock  layers.  The  subdivi- 
sions are  made  by  eye  rather  than  on  any  chemical  basis  or  microscopic 
examination.  • 

The  Upper  Slaty  Horizon  is  composed  about  half  and  half  of  slate 
layers  and  greenalite  lenses.  The  upper  part  approaching  the  Virginia 
slate  is  the  more  slaty.  It  is  separated  from  the  Virginia  slate  by  a 
layer  10  or  more  feet  thick  of  a  carbonate  rock,  probably  an  impure 
limestone. 

Two  cross-sections,  Figs.  6  and  7,  are  presented  to  show  in  detail  the 
four  main  subdivisions,  the  minor  subdivisions  of  each,  the  relations  of 
the  orebodies  to  these  horizons  and  the  kind  of  ore  derived  from  each. 

Fig.  6  shows  an  east-west  cross-section,  looking  north,  through  the 
Adams,  Hull,  Nelson,  Leonidas  orebodies  just  west  of  Eveleth.  It  is 
the  best  cross-section  that  has  been  or  can  be  made  from  present  explora- 
tions, so  far  as  the  author  knows.  The  location  of  the  section  is  shown  on 
the  accompanying  map,  Fig.  11,  and  is  approximately  at  right  angles 
to  the  strike.  It  is  developed  from  drill-hole  classifications,  as  can  be 
seen,  but  practically  the  entire  section  of  ore  is  being  developed  now  by 
open-pit  and  imdergrpund  workings.  Because  this  cross-section  is 
taken  along  the  longitudinal  axis  of  the  ore  trough,  the  trough  structure 
does  not  show.  In  the  area  of  drill  holes  6  to  8  inclusive,  a  north-south 
trough  is  tributary  to  the  east-west  trough  through  which  this  cross-sec- 
tion is  taken,  and  the  trough  structure  is  apparent.  The  gentle  warping 
of  the  entire  series  can  be  noted.  The  principal  warping  is  ^t  right  angles 
to  the  strike,  however. 

The  relations  between  the  different  horizons  and  their  derivative 
ores  are  so  evident  from  the  cross-section  that  a  detailed  description  need 
not  be  given.  In  the  area  of  drill  holes  2  to  15  inclusive,  the  taconit^  in 
the  Lower  Slaty  and  Upper  Cherty  Horizons  is  so  badly  altered  that 
classification  is  very  difiicult. 

A  few  features  may  call  for  comment.  The  black  slate  indicated  at 
the  base  of  the  Lower  Slaty  Horizon  is  the  so-called  "Intermediate*' 
Slate,  which  makes  the  characteristic  paint  rock  layer  of  the  typical 
Mesabi  orebody.  The  orebodies  first  developed  on  the  Range  were 
located  in  that  part  of  the  formation  shown  between  drill  holes  15  and  24; 
therefore,  it  is  easily  seen  that  the  typical  orebody  had  five  layers — ^upper 
and  lower  blue  ore  layers,  upper  and  lower  yellow  ore  layers,  and  an  inter- 
mediate paint  rock  layer. 

Interbedded  in  the  Upper  Cherty  Horizon  and  the  top  of  the  Lower 
Slaty  Horizon  are  distinct  conglomerates.  At  the  base  of  the  Upper 
Slaty  Horizon  there  is  also  a  fine  interbedded  conglomerate.  The  Upper 
Cherty  conglomerate  is  continuous  from  the  far  eastern  part  of  the  Range 
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to  the  western  part.  It  was  recognized  in  drill  cores  only  a  few  years  ago 
by  W.  H.  Crago,  head  of  the  exploration  division  of  the  Mining  Engineer- 
ing Department  of  the  Oliver  Iron  Mining  Co.  All  of  the  earlier  drill 
cores  have  not  been  reexamined  for  rt  as  yet,  but  it  has  been  correlated 
extensively  in  different  parts  of  the  Range  by  F.  B.  Cronk  and  the  writer. 
The  crossHsection  in  Fig.  6  shows  a  maximum  development  of  interbedded 
conglomerate.  It  is  not  as  thick  either  on  the  western  or  eastern  end  of 
the  range.  On  the  eastern  part  it  is  distinctly  developed  in  both  Upper 
Cherty  and  upper  part  of  Lower  Slaty  Horizons,  but  in  the  west  central 
part  of  the  Range  only  the  Upper  Cherty  conglomerate  has  been  recog- 
nized, and  it  is  quite  thin.  This  section  (Fig.  6)  shows  practically  a  maxi- 
mum thickness  of  iron-formation.  The  Lower  Slaty  Horizon  is  abnor- 
mally thick  (260  ft.)  whereas  the  average  thickness  is  only  about  160  ft. 
In  the  central  and  western  part  of  the  Range,  the  Upper  Cherty  Horizon 
is  exceptionally  thick,  the  slaty  layers  of  the  upper  part  of  the  Lower 
Slaty  Horizon  being  replaced  by  cherty  and  banded  taconite.  Evidently, 
mpre  muds  were  deposited  with  the  iron-formation  in  the  east  central 
part  of  the  district  than  in  the  central  and  western  parts  of  the  district. 
Perhaps  the  underlying  rocks  outcropping  to  the  north  are  accountable 
for  this.  From  Mt.  Iron  east  to  Aurora,  large  areas  of  greenstones  and 
slates  lie  to  the  north  of  the  iron-formation.  If  the  original  shore  line 
of  the  sea  in  which  the  iron-formation  was  laid  dowi^  occupied  approxi- 
mately its  present  position,  the  weathering  and  erosion  of  these  rocks 
contributed  muds  and  argillaceous  sediments  to  the  sea  water  contempo- 
raneous with  the  deposition  of  iron. 

Fig.  7  shows  a  cross-section  across  a  typical  trough  orebody  in  the 
Virginia  district.  The  Upper  Cherty  and  Slaty  Horizons  have  been 
eroded  from  the  sides  of  the  rockwalls  of  the  orebody,  but  all  horizons 
from  the  Virginia  slate  down  are  represented  in  the  orebody.  The  typical 
trough 'Structure  is  well  shown. 

Records  and  Subdivisions  of  Drill  Holes  in  Different  Districts 

Fig.  8  shows  records  and  subdivisions  of  drill  holes  in  the  Nashwauk, 
nibbing,  Virginia,  McKinley  and  Aurora  districts,  comprising  the  terri- 
tory from  the  west  central  to  the  eastern  part  of  the  range.  These  records 
all  show  the  same  major  divisions,  though  varying  in  the  minor  subdivi- 
sions and  dimensions.  The  interbedded  conglomerate  in  the-  Upper 
Cherty  Horizon  is  persistent  in  all  the  districts. 

Ores  Derived  from  the  Different  Horizons 

The  characteristic  ore  derived  from  the  Lower  Cherty  Horizon  is  a 
coarse   "blue"  high-grade  ore.     It  contains  practically  no  paint  rock 
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seams.    About  30  or  40  ft.  of  the  top  of  this  horizon  is  a  brown  or  yellow 
mottled  cherty  taconite  (originally  a  greenalite  rock)  containing  some 
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slate  seams  in  its  upper  measures,  and  this  layer  makes  a  yellow  ocherous 
ore  of  medium  grade.    At  the  base  of  the  Lower  Cherty  Horison  just 


o 
es 
o 


9 


as 
< 


Digitized  by 


Google 


J.    p.   WOLFF  1777 

above  the  basal  conglomerate  is  a  layer  of  fine  slaty  taconite  (see  Fig.  5) 
which  makes  a  yellow  ocherous  ore.  With  the  exception  of  these  top 
and  bottom  layers,  the  Lower  Cherty  Horizon  makes  a  "blue"  high- 
grade  ore.  As  used  here,  high-grade  ore  means  ore  averaging  above 
59  per  cent,  dry  iron,  medium-grade  averaging  55  to  56  per  cent,  dry  iron, 
and  low-grade  averaging  about  50  per  cent,  dry  iron. 

The  characteristic  physical  feature  of  ores  from  the  Lower  Slaty 
Horizon  is  their  finely  banded  and  slaty  texture.  As  previously  indicated, 
the  black  slate  at  the  base  makes  the  paint  rock  layer  so  prominent  in 
every  typical  orebody.  This  material  is  not  a  commercial  ore.  It  is 
highly  aluminous  and  contains  20  per  cent,  or  more  of  moisture.  The 
gray  slate  and  greenalite  and  slate  above  this  black  slate  (Fig.  7)  make 
a  medium-grade  yellow  and  brown  ore,  the  yellow. ore  being  quite 
aluminous.  The  banded-cherty  and  banded-slaty  taconite  of  the  top 
of  the  Lower  Slaty  Horizon  make  a  very  fine-grained  blue  and  brown 
ore  of  high  grade.  It  was  this  kind  of  ore  which  was  so  objectionable  to 
furnace  men  because  of  excessive  fines,  in  the  early  days  of  the  Mesabi 
Range  exploitation. 

The  Upper  Cherty  Horizon  makes  a  high-grade  coarse  blue  ore,  in  all 
of  the  large  well-concentrated  bodies.  It  is  indistinguishable  in  texture 
from  the  blue  ore  of  the  Lower  Cherty  Horizon. 

In  some  orebodies  toward  the  south  side  of  the  formation,  such  as  the 
Morton  Mine  in  the  Hibbing  district,  the  Duncan  in  the  Chisholm  district, 
the  Leonidas  in  the  Eveleth  district  and  the  Schley  and  Hobart  in  the 
Gilbert  district,  the  ore  in  this  horizon  is  somewhat  sandy  and  cherty, 
due  in  part  to  incomplete  concentration  and  in  part  to  secondary  silica 
deposited  by  ground  waters. 

The  Upper  Slaty  Horizon  generally  makes  a  low-grade  non-merchant- 
able ore.  The  one  known  exception  to  this  is  shown  in  Fig.  7,  in  which 
orebody  most  of  this  ore  probably  will  be  merchantable.  This  orebody, 
however,  is  one  of  the  most  highly  concentrated  on  the  Range.  In  most 
orebodies  which  have  this  Upper  Slaty  member,  the  material  from  it  is 
a  soft  plastic  paint  rock  with  decomposed  chert  and  greenalite  layers. 
It  resembles  very  much  the  so-called  ''Intermediate"  paint  rock  layer. 

From  the  cross-section.  Fig.  6,  it  is  evident  that  all  orebodies  will  not 
contain  all  of  these  horizons  or  layers.  The  unit  of  land  subdivision  is  a 
40-acre  tract  and  many  mines  occupy  one  or  a  part  of  one  such  tract. 
If  a  mine  is  located  near  the  quartzite  outcrop,  most  of  the  upper  horizons 
will  be  eroded  away,  and  as  the  mine  location  approaches  the  Virginia 
slate  outcrop  more  of  the  upper  layers  will  be  found  in  the  orebody. 

Relation  op  Orebodies  to  Folding  and  Fracturing  of  the  Iron- 
Formation 

In  the  Engineering  and  Mining  Journal  articles  above  referred  to, 
the  author  stated  that  the  data  then  at  hand  indicated  that  tl^e  orebodies 
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have  formed  in  places  where  gentle  folding  and  warping  of  the  iron-forma- 
tion had  fractured  it  considerably,  allowing  easy  access  and  circulation 
of  ground-waters.  Evidence  along  this  line  has  been  assembled  since 
the  publication  of  those  articles  and  in  every  case  where  the  exploration 
data  is  complete  enough  it  has  been  found  that  the  orebodies  occur  where 
the  whole  formation  has  been  warped.  In  the  eastern  part  of  the  district 
(Virginia  and  eastward)  the  orebodies  are  on  the  crests  of  gentle  anticlines. 
Fig.  9  shows  a  cross-section  parallel  to  the  strike  of  the  formation  in 
T.  58  N.,  R.  16  W.,  location  of  which  is  shown  on  the  map  in  Fig.  11. 
This  section  is  taken  well  to  the  south  side  of  the  formation  and  only  one 
orebody  reaches  it.  But  the  locations  of  other  orebodies  northwest  of 
it  are  shown  on  the  cross-section,  and  in  each  case  where  the  exploration 
data  is  complete  enough  to  show  it,  the  orebody  is  located  on  the  axis  of 
an  anticlinal  flexure  or  combined  anticline  and  syncline. 

In  the  central  part  of  the  Range,  great  broad  flexures  rather  than 
merely  localized  ones  seem  to  have  determined  the  locations  of  the  ore- 
bodies.  The  formation  was  very  generally  cracked  up  and  the  broad 
structural  basins  directed  the  flow  of  underground  waters.  Fig.  10 
shows  a  structural  cross-section  taken  midway  between  Virginia  slat^  and 
quartzite  outcrops  approximately  parallel  to  the  strike,  through  the 
Hibbing-Chisholm  districts.  A  part  of  the  quartzite  outcrop  to  the 
northwest  is  also  shown.  Three  prominent  anticlines,  A,  B  and  C,  with 
two  intervening  synclines,  are  shown.  The  cross-section  is  taken  about 
a  mile  south  of  the  quartzite  outcrop.  It  has  been  published  previously 
in  the  Engineering  and  Mining  Journal,  Aug.  7, 1915.  It  shows  that  the 
orebodies  occur  quite  continuously  over  both  crests  of  anticlines  and 
troughs  of  synclines,  indicating  a  very  general  fracturing  of  the  forma- 
tion, vigorous  circulation  of  ground-water  and  consequent  complete 
alteration  and  concentration  of  iron-formation.  These  major  flexures 
can  be  determined  only  by  such  correlation  and  drawings  as  are  shown  in 
the  two  cross-sections.  Figs.  9  and  10,  but  the  minor  flexures  within  the 
larger  ones  often  can  be  observed  in  the  field. 

Special  Features 

Special  features  of  the  Mesabi  Range  may  be  of  interest  and  deserving 
of  inclusion  in  this  paper. 

Faults 

The  two  principal  faults  known  to  date  on  the  Mesabi  Range  are 
those  known  as  the  Biwabik  and  Alpena  faults,  both  of  which  were 
described  in  the  Engineering  and  Mining  Journal,  July  24,  1915.  Men- 
tion is  made  of  them  here  only  because  they  have  been  followed  further 
since  that  time.    Fig.  11  shows  the  location  of  both.     The  Biwabik 
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fault  has  been  traced  to  the  NW  of  SE,  Sec.  5,  58-15,  where  it  practically 
disappears.  It  is  a  hinge-type  gravity  fault,  the  south  side  of  which 
has  been  depressed.  The  greatest  throw  is  at  its  west  end  at  the  Biwabik 
Mine,  Lot  4,  Sec.  2  and  Lot  1,  Sec.  3,  Tp.  58  N.,  R.  16  W.,  where  the 
vertical  displacement  exceeds  200  ft.  The  underlying  greenstone  is 
faulted  up  against  the  ore,  though  the  faulting  probably  occurred  prior 
to  the  formation,  of  the  ore.  Fig.  12  is  a  cross-section  of  the  Alpena  ore- 
body  north  of  Virginia,  showing  the  largest  fault  known  on  the  Range. 
The  location  of  the  cross-section  is  shown  on  Fig.  11.  As  indicated,  the 
strike  of  the  fault  is  approximately  north  and  south.  It  is  a  faulted 
thrust-fold,  the  probable  development  of  which  is  shown  by  Fig.  13. 


Fig.  11. — Plat  Showing  Area  op  East  Central  Mesabi  Range. 

The  genesis  of  the  fault  is  directly  connected  with  the  gentle  uplift  or 
crustal  warping  which  produced  the  large  Z-shaped  bend  in  the  Range 
known  locally  as  the  Virginia  "horn.'^  This  was  discussed  also  in  the 
Engineering  and  Mining  Journal,  July  24,  1915.  It  is  repeated  here 
because  since  that  series,  a  fault  (shown  on  the  east  end  of  cross-section 
in  Fig.  6)  has  been  discovered  by  correlation  of  drill  holes.  The  location 
of  this  fault,  which  may  be  called  the  Dorr  fault  from  the  property  on 
which  it  is  located,  is  shown  on  the  map,  Fig.  11,  and  is  of  the  same  type 
(reverse  or  thrust)  as  the  Alpena  fault.  It  is  almost  directly  south  of 
the  Alpena.  Between  the  two  and  about  ^  mile  north  of  the  Dorr  fault 
is  a  taconite  bluff,  the  east  side  of  which  is  a  very  steep  wall,  undoubtedly 
a  fault  scarp.     It  is  of  the  same  type  as  the  Dorr  and  Alpena  faults. 
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Although  we  have  as  yet  no  complete  exploration  data,  it  appears  that 
the  Alpena  and  Dorr  faults  and  the  intervening  escarpment  are  one 
continuous  fault  produced  by  the  crustal  movements  which  caused  the 
Virginia  "horn."  This  probable  connection  is  indicated  on  Fig.  11. 
However,  it  is  possible  that  the  Alpena  fault  is  entirely  separate  from  the 
Dorr  fault. 


Bimnhik 


irao  -  Rtrmotion 


Fig.  13. — Showinq  Probable  Development  of  the  Alpena  Thrust-Fault. 

Thickness  and  Dip  of  the  Iron  Formation 

The  average  thickness  and  dip  of  the  whole  iron-formation  in  different 
parts  of  the  Range  may  be  of  interest.  So  far  as  they  have  been  deter- 
mined from  the  present  very  extensive  explorations,  they  are  shown  in 
the  accompanying  table,  tabulated  by  Ranges. 

It  will  be  noted  that  west  of  the  Alpena  fault  the  dips  are  quite  low 
and  uniform,  while  east  of  it  they  are  higher  and  rather  irregular.  From 
this  evidence  and  that  of  the  Alpena-Dorr  fault,  it  appears  that  the  dis- 
turbance caused  probably  by  the  intrusion  of  the  great  mass  of  Duluth 
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Average  Dip,  Thickness, 

Degrees  Feet 

T.  56  N.— R.  24  W 6  520 

T.  56  N.— R.  23  W 3  to    8  475  (approx.) 

T.  67  N.— R.  22  W 5  615 

T.58N.-R.21W.| ^  ^^ 


•} 4H     660 


T.  57  N.— R.  21  W. 
T.  58  N.— R.  20  W. 
T.  57  N.— R.  20  W. 

T.  58  N.— R.  19  W 3  to    7        660 

T.  58  N.— R.  18  W 3        630  west  of  Alpena  fault 

T.  58  N.— R.  18  W.O  ^^      ^        ,,.-        ^     .   .i  *     u 

ip  -J.  jg. p   1 7  -rn-  f 6  to   9        755  east  of  Alpena  fault 

T.  57  N.— R.  17  W 10  to  15 

T.  58  N.— R.  16  W 12      650 

T.  58  N.— R.  16  W 25      530  (Sees.  5  and  6) 

gabbro  between  Lake  Superior  and  the  eastern  Mesabi  range  tilted  the 
eastern  part  of  the  Range  considerably;  that  the  Alpena  fault  took  up 
most  of  the  crustal  shortening  in  the  Upper  Huronian  series  due  to  the 
compression  from  the  east;  and  that,  because  of  the  faulting,  the  sedimen- 
tary series  west  of  it  was  relatively  undisturbed. 

The  thickness  is  seen  to  be  greatest  in  the  vicinity  of  Eveleth  and 
thinnest  on  the  extreme  eastern  and  western  ends.  The  average  of  the 
figures  given  is  about  620  ft. 

Volumetric  Shrinkage  in  Solid  Taconite 

Recent  structural  study  has  shown  that  the  alteration  which  the  origi- 
nal iron  formation  has  suffered  has  produced  a  volumetric  shrinkage 
even  where  the  iron  formation  still  retains  its  solid  condition.  However, 
in  such  solid  taconite,  hard  layers  of  high-grade  iron  ore  are  interbanded 
with  chert  layers,  the  whole  mass  being  firmly  cemented  together. 
Drill  holes  in  fresh  unaltered  iron-formation  alongside  of  holes  in  altered 
but  still  solid  taconite  show  this  fact  to  exist.  Such  a  case  is  shown  in 
comparing  the  depths  of  formation  below  the  Lower  Slaty  Horizon  in 
holes  1  and  2  with  those  in  holes  4  and  5  in  the  orebody  in  Sec.  19,  Fig. 
9;  also  holes  1  and  2,  Fig.  6. 

This  fact  is  a  very  important  one  to  the  mining  engineer  in  the  district 
in  working  out  the  structure  of  orebodies.  The  knowledge  of  it  will  aid 
him  to  establish  more  accurately  the  correct  structure  of  certain  ore 
layers.  It  explains  the  apparent  lack  of  parallelism  between  diflferent 
members  of  the  iron-formation,  which  cross-sections  often  indicate  unless 
this  fact  is  known  and  applied. 

PosUAlgonkian  Conglomerates  on  the  Upper.  Huronian  Series 

In  the  Engineering  and  Mining  Journal^  July  17, 1915,  the  writer  called 
attention  to  at  least  one  conglomerate,  and  possibly  two,  on  the  top  of  the 
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Biwabik  iron-formation,  older  than  the  so-called  Cretaceous  conglomer- 
ate, beds  and  remnants  of  beds  of  which  are  found  on  most  of  the  orebodies 
west  of  Eveleth.  Since  that  time  he  has  observed  in  two  mines  a  con- 
glomerate capping  the  orebody,  containing  large  boulders  which  them- 
selves were  composed  of  the  typical  Cretaceous  conglomerate.  These 
conglomerates  were  overlain  by  layers  of  plastic  shale  and  muds. 
Undoubtedly  these  are  local  lakebed  or  stream  bed  conglomerates  and 
muds,  intermediate  in  age  between  Cretaceous  and  Pleistocene. 

Newly  Discovered  Fossil  Remains  in  the  Cretaceous  (?)  Shale 

The  conglomerate  and  shale  found  on  top  of  many  orebodies  were 
correlated  by  the  U.  S.  Geological  Survey  as  Cretaceous  from  the  fossil 
remains  of  bivalves  and  some  teeth  and  vertebrae  of  the  Mosasaur  found 
in  the  shale.  During  the  past  year,  in  the  Canisteo  pit  at  Coleraine,  one 
almost  perfect  fossil  and  part  of  others  of  Ammonites  were  found.  A 
reproduction  is  shown  in  Fig.  14.  As  nearly  as  the  writer  and  associates 
can  correlate  these  specimens,  they  belong  in  the  Jurassic  and  not  in  the 
Cretaceous.  They  show  no  such  complicated  sutures  nor  such  ornamenta- 
tion as  is  characteristic  of  the  Cretaceous  Ammonites.  The  Specimen 
Af  Fig.  14,  is  about  15  in.  in  diameter  and  3  in.  thick.  On  Specimen  B, 
which  fits  into  the  cast  C,  and  C  also,  can  be  seen  minute  veins,  but  no 
evidence  of  complex  sutures.  It  is  possible,  of  course,  that  this  Jurassic 
form  lived  over  into  the  Cretaceous,  but  the  numerous  Saur  remains  the 
writer  has  seen  could  hardly  have  belonged  to  a  reptile  as  large  as  the 
Mosasaur.  They  seem  more  fitted  to  a  smaller  creature,  perhaps  not  over 
10  ft.  long,  rather  than  to  one  30  or  40  ft.  long.  May  they  not  belong  to 
a  Jurassic  saur,  one  less  fully  developed  than  the  Cretaceous  Mosasaur? 
Is  it  not  possible,  or  even  probable,  that  the  conglomerates  and  shales  on 
the  Mesabi  Range  which  have  been  called  Cretaceous  really  are  of  Jurassic 
age  and  formerly  were  connected  with  the  extensively  developed  Jurassic 
shales  of  Northwestern  Minnesota?  Northern  Minnesota  is  such  a  well- 
developed  peneplain  that  it  is  difficult  to  imagine  a  Jurassic  ocean  cover- 
ing any  part  of  it  without  reaching  at  least  the  foothills  of  the  Giants  or 
Mesabi  Range. 

Virginia  Slate,  Iron-Formation  Contact 

Because  of  possible  value  in  connection  with  a  revision  of  the  correla- 
tion of  the  Huronian  series  in  the  Lake  Superior  district,  the  writer  wishes 
to  append  to  this  paper  the  following  record  of  observations  of  the  rela- 
tion of  the  Virginia  slate  to  the  underlying  iron-formation,  particularly 
because  it  is  not  in  accord  with  statements  as  to  this  relation  made  in 
Monograph  52  of  the  f/.  S  Geological  Survey.  The  latter  publication 
states  that  at  the  top  of  the  iron-formation  and  the  base  of  the  Virginia 
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Fia.  14. — Fossils  Found  at  Colerainb. 
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slate,  there  is  a  horizon  perhaps  a  few  hundred  feet  thick  which  is  one 
of  gradation,  in  which  layers  of  iron-formation  and  slate  alternate,  and 
that  "the  layers  of  slate  are  found  well  down  in  the  iron-bearing  forma- 
tion, and  layers  of  the  iron-bearing  formation  are  found  well  up  in  the 
slate"  (page  174,  Monograph  52,  U.  S.  Oeological  Survey). 

An  examination  of  cores  from  a  great  number  of  holes  which  pene- 
trated through  the  Virginia  slate  into  the  underlying  iron-formation  has 
failed  to  substantiate  this  statement.  Cores  from  two  drill  holes  which 
penetrated  between  500  and  600  ft.  of  Virginia  slate  and  the  entire  under- 
lying iron-formation  to  quartzite,  and  from  scores  of  other  holes,  failed 
to  show  the  presence  of  a  single  layer  of  greenalite  in  the  true  Virginia 
slate.  Several  thin  layers  of  a  carbonate  rock  (probably  calcium  car- 
bonate) and  a  few  crystals  of  iron  carbonate  were  observed.  In  the  iron- 
formation  proper  a  very  few  bands  of  a  carbonate  rock  were  discovered. 
As  shown  on  Fig.  5  of  this  paper,  the  upper  horizon  of  the  iron-formation 
is  a  slaty  horizon  in  which  layers  of  dark  slate  and  greenalite  alternate. 
At  the  top  of  this  horizon  and  separating  it  from  the  true  Virginia  slate 
(which  is  a  dense  dark  gray  or  black  slate),  is  a  layer  several  feet  thick 
of  calcium  carbonate,  amorphous  or  very  finely  crystallized.  This  layer 
is  mentioned  on  page  171,  Monograph  52,  U,  S.  Geological  Survey.  Wher- 
ever drill  holes  have  penetrated  through  the  Virginia  slate  all  along  the 
Range,  this  carbonate  has  been  found  immediately  beneath  it.  In  a 
few  holes,  cores  of  which  were  examined  very  carefully,  a  small  amount 
of  conglomeratic  material  was  found  in  the  upper  part  of  this  carbonate 
layer. 

Although  the  average  thickness  of  the  iron-formation  in  adjacent  areas 
is  quite  uniform,  as  shown  in  the  table  of  average  dips  and  thicknesses, 
there  are  marked  irregularities  within  short  distances.  Differences  in 
total  thickness  of  iron-formation  of  20  to  50  ft.  in  drill  holes  ^i  mile  apart 
are  common.  Two  holes,  l}4  miles  apart  show  a  difference  in  total  thick- 
ness of  121  ft. ;  two  holes  2}4  miles  apart  show  a  difference  of  184  ft.  Not 
enough  close  subdivision  and  correlation  work  has  yet  been  done  to  de- 
termine whether  such  differences  are  due  to  initial  deposition  or  erosion 
from  the  top  of  the  iron-formation.  There  is  so  much  interbedded  fine 
conglomerate  in  the  upper  horizons  of  the  iron-formation  that  we  know 
definitely  that  this  part  of  the  formation  at  least  was  deposited  in  very 
shallow  water.  It  is  not  at  all  improbable,  therefore,  that  prior  to  the 
deposition  of  the  Virginia  slate,  the  iron-formation  may  have  been  raised 
above  water,  and  its  upper  surface  somewhat  eroded.  The  variation  in 
thickness  of  the  Upper  Slaty  Horizon  gives  support  to  this  idea.  No 
marked  unconformity  between  the  two  formations  can  be  established, 
however.  They  are  conformable  stratigraphically,  as  far  as  now  known, 
but  the  significant  fact  of  the  absolute  lack  of  any  known  greenalite 
(so  far  as  revealed  by  many  years  of  observation  of  thousands  of  feet 
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of  drill  cores  by  the  director  of  explorations  of  the  Oliver  Iron  Mining  Co.) 
in  the  Virginia  slate  and  its  marked  prevalence  immediately  beneath  the 
Virginia  slate  seems  to  call  for  such  a  pronounced  change  in  conditions 
of  deposition  as  to  demand  some  time  interval  between  the  two.  The 
universal  prevalence  of  the  calcium  carbonate  layer  with  some  con- 
glomerate between  the  two  gives  further  support  to  this  idea  of  a  time 
interval. 

These  facts,  minor  though  they  may  be,  are  presented  here  in  the  hope 
that  they  may  be  of  some  value  to  the  geologists  who  are  engaged  in  the 
revision  of  the  correlation  of  the  Huronian  Series  of  the  Lake  Superior 
District. 
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TRANSACTIONS   OF  THE   AMERICAN   INSTITUTE   OF   MINING   ENGINEERS 
[STJBJECT  TO  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
New  York  meeting,  February,  1917,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretarsr  or  other  representative  of  its  author, 
Unless  special  arrangement  is  made,  the  discuasion  of  this  paper  will  close  April  1,  1917.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 
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I.  INTRODUCTION 

The  following  article  concerns  the  geological  occurrence  of  the  iron- 
ore  deposits  on  the  south  coast  of  Cuba.  The  article  is  based  on  a  de- 
tailed field  study,  made  in  the  hope  that  some  information  would  be 
gained  which  might  be  of  value  in  the  search  for  further  orebodies,  or 
in  the  economic  development  of  the  ore  already  found. 

Location 

The  iron-ore  deposits  of  the  Firmeza  district  lie  near  the  coast,  in 
the  southeastern  part  of  Cuba,  in  the  Province  of  Oriente.  The  ore- 
bodies  of  this  district  form  part  of  a  belt  of  deposits  that  extends  from 
Sigua,  25  miles  east  of  Santiago,  to  Sevilla,  5  miles  east  of  Santiago,  and 
lies  on  the  seaward  slope  of  the  Sierra  Maestra  range  of  mountains. 
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This  range  roughly  parallels  the  coast  m  the  southern  part  of  Oriente 
Province.  Its  crest  is  about  6  miles  north  of  the  mines  near  Firmeza. 
The  town  of  Firmeza  Ues  9  miles  east  of  Santiago,  and  about  2^^  miles 
from  the  Caribbean  Sea.  The  mines  included  in  the  Firmeza  district 
are  the  Ocania  Mine  and  a  group  of  mines  that  extends  from  West  Five 
Mine  to  the  Concordia  Mine.  The  elevation  of  the  mines  is  from  400 
to  1,000  ft.  above  sea  level.  Their  exact  location  is  shown  on  the  map 
(Fig.  1)  which  is  a  copy  of  a  map  furnished  by  the  Juragua  Iron  Co. 

Immediately  east  of  the  Firmeza  district  lies  the  Daiquiri  district  of 
the  Spanish-American  Iron  Co. 


Jivmjtm  Xf*  Co.**  ^ti¥*M 


Fia.  1. 


Scope  of  Work  and  Acknowledgments 

Detailed  examinations  have  been  made  by  J.  P.  Kimball,  ^  A.  C. 
Spencer,*  and  J.  F.  Kemp,'  and  many  others  have  contributed  to  our 
knowledge  of  the  deposits.  The  writer  has  made  use  of  all  the  available 
information  and  will  endeavor  to  give  full  credit  for  it. 

The  present  article  has  been  written  under  the  first  award  of  the 
S.  F.  Emmons  Memorial  Fellowship,  and  the  writer  takes  this  occasion 
to  thank  the  committee  in  charge  of  the  fellowship  for  their  assistance 
and  criticism.  Thanks  are  also  due  to  the  Jm-agua  Iron  Co.  for  permis- 
sion to  make  the  examination,  for  the  use  of  their  maps,  and  for  their 
kindness  in  giving  access  to  dl  the  available  data  and  facilities.  The 
Spanish- American  Iron  Co.  also  made  possible  the  visiting  of  neighboring 


.».» See  Bibliography  at  end  of  paper. 
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properties  and  most  grateful  acknowledgment  is  hereby  made  to  the 
officials  and  staff  of  both  companies. 

The  Geological  Faculty  of  Yale  University,  and  Professor  C.  P. 
Berkey  of  Columbia  University,  have  been  freely  consulted  on  different 
phases  of  the  problem,  and  their  advice  has  been  of  much  service. 

• 
History  and  Mining 

The  Firmeza  orebodies  have  been  worked  continuously  since  1884, 
except  for  a  short  period  during  the  Spanish-American  war,  and  the 
total  production  of  the  mines,  from  1884  to  1913  inclusive,  has  been 
6,776,171  tons.'*  The  mines  of  the  Firmeza  district  belong  to  the  Juragua 
Iron  Co.,  which  is  now  controlled  by  the  Bethlehem  Steel  Co.,  though 
it  was  at  one  time  also  allied  with  the  Pennsylvania  Steel  Co. 

The  mining  of*  the  ore  and  the  stripping  of  the  overburden  is  done 
by  steam  shovel.  Where  the  orebody  is  small  or  intimately  associated 
with  waste,  it  is  found  advantageous  to  lease  the  workings  to  contractors 
and  pay  for  the  ore  on  the  basis  of  tonnage  and  grade,  delivered  in  mine  cars. 

The  ore  from  the  mines  is  put  through  the  crusher  at  Firmeza,  from 
which  the  major  part  is  shipped  direct  to  La  Cruz,  the  company's  shipping 
point  on  Santiago  harbor.  A  small  part  of  the  output,  high  in  sulphur, 
is  roasted  in  the  valley  south  of  Firmeza,  near  Siboney,  before  it  is  shipped 
to  La  Cruz. 

II.  TOPOGRAPHY   AND   ITS   INTERPRETATION 

The  topography  of  the  Firmeza  district  falls  naturally  into  three 
main  divisions  which  have  a  lateral  extent  parallel  to  the  sea  coast  and 
the  main  range  of  the  Sierra  Maestra, — that  is,  in  an  east-west  direction. 
Beginning  at  the  coast  there  is  a  range  of  terraced  cliffs  rising  to  uniform 
height  of  about  300  ft.  The  terraces  all  face  the  south,  to  the  sea,  and 
appear  to  be  of  wave-cut  origin,  excavated  in  flat-lying  coral  limestone. 
There  is  no  beach,  the  sea  beating  directly  against  the  limestone  cliffs, 
except  at  the  mouth  of  the  Rio  Carpintero  at  Siboney,  where  there  is  a 
small  beach  made  up  of  coral  fragments  and  an  arkosic  sand  in  which 
feldspar  predominates. 

Back  of  the  terraces  there  is  a  fairly  gentle  landward  slope  to  a  silt- 
covered,  flat,  east-west  valley.  In  this  valley  the  streams  from  the 
mountains  are  generally  lost  in  lagoons  and  swamps.  Some  of  the  larger 
ones,  such  as  the  Rio  Carpintero,  find  their  way  to  the  Caribbean  through 
comparatively  narrow  gorges  cut  in  the  cliffs  that  border  the  sea.  These 
streams  appear  to  be  of  an  intermittently  torrential  type.  In  the  dry 
season  they  show  very  small  streams  of  water  flowing  through  stream 
beds  covered  with  boulders  up  to  several  tons  in  weight. 

*  D.  B.  Whitaker:  Engineering  and  Mining  Journal^  vol.  97,  p.  677  (1914). 
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North  of  this  valley  rise  the  foothills  of  the  Sierra  Maestra — sharp, 
steep  hills,  covered  as  a  rule  with  dense  forest  growth.  They  are  con- 
nected with  the  main  range  of  the  mountains  by  ridges  that  have  steep 
slopes  and  narrow  crests.  The  connecting  ridges  are  less  heavily  forested 
than  the  foothills  but  are  covered  with  high  grasses  and  an  occasional 
grove  of  trees.  The  mountains  themselves  are  thickly  covered  with 
pines  and  rise  to  an  elevation  of  about  3,500  ft. 

The  limestone  cliffs,  with  their  sea-cut  terraces,  have  been  interpreted 
as  evidence  of  periodic  movements  of  the  island,  but  it  seems  to  the  writer 
that  the  widespread  occurrence  of  a  terrace  about  both  Jamaica  and 
Cuba  at  the  same  elevation  above  sea  level  indicates  a  movement  of  the 
sea  surface,  rather  than  of  the  land. 

In  speaking  of  the  Seboruco  (the  local  name  for  the  coastal  limestone) 
R.  T.  HUl  says -.5 

"  Nowhere  have  I  seen  the  elevated  reef  rock  folded  or  otherwise  disturbed  except 

by  the  gently  sloping  coastward  inclined  elevation  it  has  undergone. The  Seboruco 

as  a  whole  represents  a  recent  and  uniform  elevation  of  the  whole  periphery  of  the 
island ." 

The  following  terrace  elevations  have  been  taken  from  the  report 
of  C.  W.  Hayes,  T.  W.  Vaughan,  and  A.  C.  Spencer,*  and  arranged  in 
tabular  form  by  the  writer: 


Havana, 
Feet 

Matansaa, 
Feet 

Gibara, 
Feet 

Baracoa, 
Feet 

Mansanillo, 
Feet 

Santiago, 
Feet 

4-6 

5-6 

5-20 

5-6 

5-20 

20 

10-15 

30 

40 

90 

100 

100 

100 

140 

100 

250 

200 

280 

200 

200 
300 

150-180 

R.  T.  Hill^  in  the  report  on  Jamaica  has  given  less  definite  figures  for 
the  terrace  elevations,  and  the  following  conclusions: 

"In  general  the  old  reef  rock  of  Jamaica  consists  of  three  distinct  formations, 
occurring  .at  three  levels,  70,  25,  and  10  ft.  (or  less)  respectively.  From  the  per- 
sistency of  these  three  levels  on  the  north,  east  and  southwest  end  of  the  island,  it  is 
evident  that  their  present  position  above  the  water  is  due  to  continuous  epeirogenic 
elevation  after  the  present  outlines  of  the  island  had  been  chiefly  defined." 

For  Hayti  and  Porto  Rico  no  exact  data  are  available  to  the  writer. 


*  R.  T.  Hill:  Notes  on  the  Tertiary  and  Later  History  of  the  Island  of  Cuba. 
American  Journal  of  Science,  Ser.  3,  vol.  48,  p.  203  (1894). 

•  Op.  cU,  (in  Bibliography),  pp.  18, 19. 

7  R.  T.  HiU:  Geology  of  Jamaica.     BvUeiin  of  the  Museum  of  Comparative  Zoology 
at  Harvard,  vol.  34,  pp.  92-100  (1899). 
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The  data  quoted  show  that  on  the  north,  northeast,  and  southeast 
coast  of  Cuba,  and  on  the  north,  east,  and  southwest  coast  of  Jamaica, 
there  is  a  marine  terrace  from  6  to  20  ft.  in  elevation.  It  seems  to  the 
writer  that  this  evidence  might  suggest  that,  at  least  in  part,  the  differ- 
ential movements  of  land  and  sea  in  Cuba  have  been  due  to  movement  of 
sea  level  rather  than  of  land  surface.  The  slight  variations  in  elevation 
would  then  be  explained  by  unequal  erosion  of  the  gently  sloping  surface 
of  marine  planation.  The  slight  seaward  slope  of  the  coast  limestone, 
in  the  neighborhood  of  Santiago,  is  no  greater  than  is  to  be  expected 
of  a  near  shore  surface  of  marine  planation. 

There  is  further  evidence  of  emergence  of  the  island,  in  respect  to  sea 
level,  in  the  tuff-limestone  found  at  an  elevation  of  about  1,400  ft.,  and 
the  steep-sided,  sharp,  mountain  topography  points  to  fairly  recent 
rejuvenation. 

The  silt-covered,  east-west  valley,  in  which  the  streams  are  aggrad- 
ing, suggests  that  the  last  movement  of  land  with  respect  to  sea  level  has 
been  a  downward  one,  and  this  is  in  accord  with  the  evidence  of  the 
harbors  of  Santiago  and  Guantanamo,  which  have  been  interpreted  as 
bays  formed  by  drowning.' 

The  topography  seems  to  be  almost  entirely  independent  of  the  Uth- 
ology.  An  exception  to  this  is  the  coarse  crystalline  marble  that  forms 
a  capping  to  many  of  the  foothills.  Apparently  the  massive  marble  offers 
greater  resistance  to  tropical  weathering  than  do  the  fine-grained,  dia- 
basic  or  dioritic  rocks  which  marmorized  it,  for  the  arroyos  are  cut  into 
the  latter.  The  occurrence  of  marble  as  a  capping  is  too  frequent  to  be 
entirely  fortuitous. 

III.  PETROLOGY 

Sedimentary  Rocks 

Description 

The  sedimentary  rocks  are  represented  in  the  Firmeza  district  entirely 
by  limestones.  At  the  coast,  and  rising  in  three  sea-cut  terraces  to  an 
altitude  of  about  350  ft.,  are  recent  limestones.  According  to  the  report 
of  Hayes,  Vaughan,  and  Spencer,'  this  rock  is 

"replete  with  the  remains  of  numerous  species  of  corals  which  are  all,  so  far  as 
examined,  at  present  living  in  the  surrounding  Antillean  seas." 

There  seems  to  be  one  rather  striking  point  of  difference  between  the 
higher  landward  terraces  and  the  lower  terrace  bordering  the  Caribbean. 
This  is,  that  while  all  three  terraces  contain  coral  remains,  the  landward 


>  Hayes,  Vaughan,  and  Spencer,  Op.  ci^.,  p.  17. 
•  Op.  cU,  pp.  23-24. 
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terraces  are  almost  entirely  massive,  while  the  seaward  terrace  is  made  up 
of  more  loosely  cemented  coral  remains.  On  the  land,  where  the  lime- 
stone comes  into  contact  with  the  underljdng  igneous  rock,  there  are 
boulders  of  rock  and  of  iron  ore  cemented  by  the  lime,  showing  that 
erosion  of  the  orebodies  had  begim  before  these  coral  rocks  were  formed. 
In  the  foothills  of  the  Sierra  Maestra,  which  vary  in  altitude  from 
600  to  1,300  ft.,  there  occur,  usually  as  a  capping  on  the  hilltops,  bodies 
of  massive  limestone  now  largely  marmorized.  Bedding  is  almost 
entirely  lost,  but  where  thinner  masses  have  been  involved  in  the  volcanic 
rocks  it  is  possible  to  discern  a  pitch  toward  the  southeast  at  an  angle 
of  about  30**.  The  freshest  pieces  of  this  limestone,  taken  from  boulders 
on  the  north  side  of  the  hill  north  of  West  Five  Mine,  show  it  to  be  a 
blue,  dense,  fine-grained  limestone.     The  microscope  shows  no  evidence 


Fig.  2. — Tufi^Limbstonb  from  Ridge  Connecting  Foot  Hills  with  Main 
Range  of  the  Sierra  Maestra.  Limestone — groundmass.  Plagioclase  frag- 
ments— ^white.     Volcanic  rock  fragments — dark.     X  18. 

of  organic  remains  in  the  thin  section,  but  only  a  granular  aggregate  of 
calcite. 

On  one  of  the  ridges  connecting  the  foothills  with  the  main  range, 
at  an  elevation  of  about  1,400  ft.,  an  unaltered  limestone  of  unusual  type 
was  foimd.  This  rock  has  the  deeply  pitted  surface  typical  of  the  weath- 
ered outcrops  of  all  the  limestone  in  this  region.  The  color  of  the  rock 
on  a  fresh  fracture  surface  is  blue-gray.  Closer  examination  shows 
minute  areas  with  a  vitreous  luster  embedded  in  a  granular  calcite 
matrix,  giving  to  the  rock  the  appearance  of  a  porphyry.  A  thin  section 
of  the  rock  shows  that  the  crystals  are  fragments  of  plagioclase,  of  about 
andesine-labradorite  composition.  There  are  also  angular  fragments  of 
a  diabasic  rock  (Fig.  2).  The  fragments  are  all  about  0.5  mm.  in  diame- 
ter, and  their  presence  in  the  limestone  shows  that  the  sediment  was 
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formed  at  a  time  of  volcanic  activity  on  the  adjacent  land.  The  perfect 
freshness  of  the  feldspars  is  probably  due  to  the  fact  that  the  sea  water 
was  already  saturated  with  calcium  carbonate,  and  so  was  not  chemically 
active  in  so  far  as  the  calcic  feldspars  were  concerned.  The  ferromag- 
nesian  minerals  of  the  diabasic  fragments  are  entirely  altered.  This 
tuflf-limestone  seems  to  be  very  similar  to  that  described  by  C.  P.  Berkey^" 
among  the  "probably"  pre-Tertiary  focks  of  Porto  Rico. 

Age 

The  nature  of  this  rock  shows  that  at  least  part  of  the  volcanic 
activity  was  contem'poraneous  with  the  sedimentation.  As  the  andesitic 
rocks  accompanying  this  tuflf-limestone  are  believed  to  represent  the 
initial  stages  of  the  igneous  cycle,  the  determination  of  the  age  of  the 
sediment  must  also  fix  the  age  of  the  igneous  rocks. 

The  age  of  these  limestones  and  the  associated  volcanics  has  been  a 
rather  vexed  question.  J.  F.  Kemp  speaks  of  an  article  by  H.  Wedding,^^ 
in  which  he  places  them  in  the  Jurassic,  in  the  horizon  of  Quenstedt's 
Beta,  of  the  upper  White  Jura.  This  determination  was  made  upon 
material  furnished  by  G.  W.  Goetz.  The  only  other  definite  information 
on  this  subject  of  age  is  that  given  by  J.  T.  Singewald,  Jr.,  and  B.  L. 
Miller. ^^  They  found  a  fossiliferous  limestone  in  the  Daiquiri  district, 
and  submitted  some  of  the  fossils  to  T.  W.  Vaughan,  who  correlated  one 
of  the  species  with  the  Cretaceous  of  Jamaica  and  determined  the  age 
of  the  limestone  as  "Mesozoic,  probably  Cretaceous." 

W.  Lindgren*'  says: 

"The  idea  of  the  geologists  who  have  done  the  most  work  in  this  section  seems 
to  be  that  the  lavas  and  tuffs  and  associated  limestones  are  of  Eocene  age ." 

R.  T.  Hill,^*  speaking  of  the  volcanic  elastics  of  the  Jamaican  Blue 
Mountain  Series  of  Cretaceous  age,  says: 

"In  Cuba  these  clastic  rocks  constitute  the  high  divides  of  the  Oriente ." 

Experience  during  historic  time  shows  that  it  would  not  be  justifiable 
to  infer  volcanic  activity  in  one  of  the  islands  of  the  Antilles  on  the  ba^sis 
of  such  activity  in  another.  In  the  present  case  there  is,  however,  the 
evidence  of  Cretaceous  sedimentation  in  Jamaica  determined  by  R.  T. 
Hill,  the  direct  correlation  of  the  Daiquiri  specimen  with  the  Jamaican 

^®  C.  P*  Berkey:  Geological  Reconnaissance  of  Porto  Rico.  AnndU  of  the  Stxr 
York  Academy  oj  Sciences,  vol.  26,  p.  20  (1915). 

"  H.  Wedding:  Die  Eisenerze  der  Insel  Cuba.  Siafd  und  Eiaen,  vol.  12,  No.  12, 
pp.  545-550  (June  16,  1892). 

"J.  T.  Singewald,  Jr.,  and  B.  L.  Miller:  The  Genesis  and  Relations  of  the  Dai- 
quiri and  Firmeza  Iron-Ore  Deposits,  Cuba.     Trans.,  vol.  53,  pp.  67-74  (1916). 

"  W.  Lindgren  and  Clyde  P.  Ross:  The  Iron  Deposits  of  Daiquiri,  Cuba.  Trans,, 
vol.  53,  p.  41  (1916). 

"  R.  T.  Hill:  The  Geology  and  Physical  Geography  of  Jamaica.  BuUelinoi  the 
Museum  of  Comparative  Zoology  at  Harvard,  vol.  34,  p.  170  (1899). 
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fauna  by  T.  W.  Vaughan,  and  R.  T.  Hill's  reference  to  the  clastic  rocks 
of  Oriente.  E.  T.  Hodge  has  informed  the  writer  that  he  found  Comanche 
fossils  among  the  pre-Tertiary. 

Igneous  Rocks 

The  igneous  rocks  of  the  Firmeza  district  form  a  natural  series  of 
differentiation  products  from  a  basic  magma.     They  range  from  a  fine- 


Fig.  3. — Diabase  Porphyry  with  Included  Fragment  of  Earlier  Volcanic 
Rock.     West  Four  Mine.     X  18. 


Pig.   4. — Diabase  Porphyry  with  Epidote-Filled  Amygdulb.     From  Railroad 
Cut  Opposite  West  One  Mine.     X  18. 

grained  diabase  to  a  highly  quartzose  aplite.     J.  F.  Kemp^^  has  given  a 
discussion  of  the  nomenclature  used  in  former  articles  on  the  district. 

>»  The  Geology  of  the  Iron-Ore  Deposits  In  and  Near  Daiquiri,  Cuba.     Trans.. 
vol.  53,  pp.  3-38  (1916). 
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For    purposes  of  mapping,   the  writer  divides  the  igneous  series 
into  four  groups: 

1.  The  diabasic  rocks. 

2.  The  dioritic  group. 

3.  The  granitic  group. 

4.  The  later  dike  rocks. 


Fig.  5. — Djoritb  from  Level  1  op  West  Five  Mine.     Cros  ed  Nicols.    X  IS. 


Fig.  6. — Quartz  Diorite  from  East  Mine.    This  is  the  Basic  Member  of  the 
Granitic  Series.     Crossed  Nicols.     X  18. 

Diabasic  Rocks 

The  diabasic  rocks  are  fine-grained,  as  a  rule,  and  porphjrritic.  They 
are  the  representatives  of  the  original  magma.  Megascopically  they  are 
dense,  dark  rocks.  Under  the  imcroscope  they  show  as  felty  aggregate^ 
of  plagioclase  laths  with  interstitial  ferromagnesian  minerals.     They  are 
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usually  fragmental  (Fig.  3)  and  frequently  show  epidote-filled  amygdules 
(Fig.  4). 

These  diabasic  rocks  show  a  bedded  structure  in  places,  with  inter- 
calated limestones  and  are  undoubtedly  in  part  extrusives. 


Fig.  7. — Granite  Showing  Micrographic  Quartz  Feldspar  Intergrowth  about 
Plaqioclase  Nucleus.     From  the  Juragu a  Valley.     Crossed  Nicols.     X18. 

Dioritic  Rocks 
The  wall  rock  of  many  of  the  orebodies  is  a  gray,  fine-grained,  and 


Fio.  8. — Specimen  B  from  Dike  in  West  Side  of  West  Five  Mine.  Eleva- 
tion 520  Ft.  Note  Corrosion  of  Plagioclase  and  Dominance  of  Quartz. 
Crossed  Nicols.     X  18. 

even-textured  rock.  Plagioclase,  varying  from  labradorite  to  bytownite, 
is  the  most  abundant  mineral,  with  much  hornblende  between  the  feld- 
spars.    On  the  basis  of  the  feldspars  it  is  a  gabbro,  but  in  the  older 
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classification  the  hornblende  makes  of  the  rock  a  diorite.  Since  that 
terminology  has  been  adopted  by  earlier  writers  on  the  district  it  is 
accepted  here.     Fig.  5  shows  a  typical  diorite. 

The  diorites  and  diabases  are  frequently  found  merging  into  each 
other  without  any  visible  contact.     Both  are  the  hosts  of  the  orebodies. 


Granitic  Rocks 

J.  F.  Kemp^®  has  used  the  term  granite  for  the  quartz-bearing  dio- 
rites and  the  true  granites  "to  avoid  all  confusion  of  this  rock  with  the 
diorites  which  are  associated  with  the  ore."  That  usage  is  adopted 
in  this  paper,  and  the  scope  of  the  term  granitic  rocks  is  enlarged  to 
include  the  apUtes  and  quartz  porphyries.  This  inclusive  usage  seems 
justified  by  the  fact  that  the  quartz-bearing  rocks  form  a  group  later 
than  the  ore-bearing  rocks,  though  pre-mineralization. 

All  the  rocks  of  this  group  are  hornblende-bearing  except  the  most 
acid  apUtes,  and  even  the  most  acid  show  very  little  potash  feldspar. 
The  basic  members  of  the  series  are  gray,  coarse-grained,  feldspathic 
rocks  (Fig.  6)  while  the  acid  members  are  made  up  of  striking  feldspar 
quartz  intergrowths  (Fig.  7),  or  else  are  fine-grained  quartz  aplites  (Fig. 
8).  The  extremely  rapid  variation  in  chemical  composition  is  shown  by 
three  microscopic  analyses  of  rocks  from  the  same  dike  at  different 
elevations  and  ascending  order. 
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Later  Dike  Rocks 

The  entire  mineralized  area  is  cut  by  basic  dikes  that  vary  from 
basalt  to  andesite.  They  are  post  ore,  but  usually  carry  pyrite.  A 
detailed  description  would  serve  no  definite  purpose  in  this  connection. 


IV.  AREAL  GEOLOGY 
Rock  Types  Found  in  the  District 

The  study  of  the  petrographic  features  shows  that  there  are  several 
types  of  igneous  rocks  and  two  limestone  formations  in  the  Firmeza  dis- 
trict. The  igneous  rocks  form  a  continuous  series  from  diabasic  extru- 
sive and  intrusive  rocks,  through  diorite  and  granite,  to  highly  acid 


"  Op.  cLL,  p.  12. 
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aplites.  This  series  is  cut  by  dike  rocks  of  various  types,  which  range 
in  composition  from  basalt  to  andesite.  The  sedimentary  rocks  fall 
naturally  into  two  divisions; — earlier  marmorized  limestone,  probably 
Cretaceous  in  age,  and  now  exposed  only  in  scattered  outcrops,  and 
younger  recent  coral  limestones  deposited  as  a  fringe  on  eroded  igneous 
rocks. 

Distribution  op  the  Various  Rock  Types 

Surface  DistribiUion 

The  two  appended  maps  show  the  surface  distribution  of  the  rocks 
and  orebodies.  Owing  to  the  lack  of  topographic  maps,  and  the  diffi- 
cidties  attending  work  in  an  area  covered  by  tropical  verdure,,  they  can- 
not lay  claim  to  great  accuracy  of  detail.  Future  work  will  undoubtedly 
shift  the  contacts  in  many  places  and  add  a  number  of  dikes.  But  enough 
work  was  done,  and  enough  outcrops  plotted  to  justify  the  making  of  the 
maps  and  the  belief  that  they  show  the  general  relationship  of  the  forma- 
tions. Acknowledgment  is  made  to  Dean  Corsa,  whose  unpublished 
map  in  the  possession  of  the  Juragua  Iron  Co.  was  in  part  used. 

The  different  formations  lie,  as  shown  by  the  map,  in  belts  of  irregular 
width,  roughly  parallel  to  the  coast  line. 

Nearest  the  sea  is  the  belt  of  coral  limestone.  This  belt  is  about 
3,000  ft.  wide  in  the  area  mapped.  To  the  west,  where  the  railroad  runs 
to  the  Ocania  Mine,  the  fringing  limestone  extends  inland  nearly  2 
miles.  Apparently  the  width  of  the  belt  is  largely  determined  by  the 
sloi>e  of  the  pre-deposition  erosion  surface,  the  wider  belt  lying  ont  he 
more  gently  sloping  surface. 

North  of  the  coral  limestone  belt,  the  main  mass  of  granitic  rocks  is 
exposed.  This  forms  a  belt  from  6,000  to  8,000  ft.  wide.  Most  of  the 
granite  area  is  covered  by  an  alluvial  deposit,  through  which  rise  knobs 
of  the  igneous  rock.  These  knobs  are  all  granite,  usually  with  inclusions 
of  dioritic  material. 

North  of  the  granitic  area  Ues  the  diorite.  This  forms  a  very  irregular 
belt  on  the  lower  part  of  the  foothills  of  the  Sierra  Maestra.  From  the 
Demajayabo  River  south  of  the  Concordia  Mine,  to  south  of  Loma  Alta, 
the  width  of  diorite  is  from  1,200  to  3,000  ft.  At  West  Five  Mine  the 
diorite  area  runs  back  into  the  hills  north  of  the  region  mapped.  In 
the  Juragua  valley  the  diorite  is  exposed  about  1  mile  north  of  Firmeza. 

The  diabasic  rocks  lie  higher  in  the  hills  than  the  diorite  and  in 
general  their  exposures  on  the  surface  are  north  of  the  diorite.  No  attempt 
has  been  made  to  show  on  the  map  the  contact  between  the  extrusive  and 
intrusive  facies  of  the  diabases.  This  contact  is  exceedingly  indefinite 
and  rarely  distinguishable. 
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Bodies  of  granitic  rock,  that  differ  from  the  main  granite  mass,  cut 
through  the  diorite  and  the  diabases  in  the  region  mapped.  These  bodies 
are  apophyses  of  the  main  granite  massif  and  form  dikes,  sills,  or  irregular 
bosses.  They  lie  in  a  roughly  east-west  belt  in  the  foothills,  and  are  of 
great  importance  because  the  orebodies  are  scattered  irregularly  as  a  fringe 
to  these  apophyses.  This  can  be  seen  clearly  both  on  the  map  of  the 
district  and  on  the  larger  scale  map  of  the  mines  near  Firmeza. 

The  older  limestones  lie  in  the  diorite  and  diabase  area,  rarely  in 
contact  with  the  granite.  They  have  been  metamorphosed  to  a  dense 
marble  in  the  area  mapped,  and  are  preserved  as  irregular  masses  capping 
the  foothills,  or  as  beds  interbedded  with  the  extrusive  rocks.  The  out- 
crops vary  in  size  from  small  blocks  to  areas  that  are  as  much  as  1,200 
ft.  in  diameter.  An  even  larger  area  at  the  Ocania  Mine  does  not  show 
on  the  map. 

All  the  formations  are  cut  by  the  later  basic  dikes.  Except  in  the 
mines  these  dikes  have  not  been  mapped.  They  fall  into  two  systems: 
one  almost  vertical,  striking  northerly,  or  slightly  east  of  north;  the  other 
an  almost  horizontal  system,  that  might  equally  well  be  classed  as  a 
system  of  sills.  Petrographically  there  is  no  difference  between  the  two 
systems. 

Vertical  Distribution 

The  vertical  arrangement  of  the  different  rock  types  is  even  more 
marked  than  their  linear  distribution,  as  it  shows  on  the  surface  maps. 

The  coastal  limestones  rise  in  terraces  to  an  elevation  of  about  300 
ft.,  where  they  terminate  in  a  flat  top. 

The  granite  massif  has  an  upper  surface  which  rises  gradually  from  an 
elevation  of  about  350  ft.  at  the  eastern  end  of  the  district,  to  about  700 
ft.  at  the  Ocania  Mine.  The  granitic  apophyses,  as  now  exposed,  are 
rarely  more  than  150  ft.  above  the  top  of  the  granite  massif,  and  their 
downward  extension  where  exposed  by  erosion  can  be  seen  to  merge 
into  the  granite. 

The  diorite  and  the  diabasic  rocks  must  be  considered  together,  be- 
cause, while  the  lower  limit  of  the  diorite  is  determined  by  the  top  of  the 
granite  intrusion,  the  upper  Umit  is,  as  a  rule,  indeterminate,  and  the 
diorite  merges  into  the  diabases.  The  two  rocks  were  mapped  separately 
in  the  field  and  a  contact  drawn,  but  it  is  generally  arbitrary.  More 
rarely  the  contact  mapped  represents  an  observed  intrusive  contact. 
As  established,  the  contact  between  diorite  and  diabase  rises  from  500 
ft.  elevation  in  the  eastern  to  800  ft.  at  the  Ocania  end  of  the  area. 
Fragmental  igneous  rocks  are  foimd  at  700  ft.  in  the  East  Mine,  and  at 
1,000  ft.  elevation  at  Ocania.  No  continuous  contact  between  intrusive 
and  extrusive  diabase  was  mapped. 

The  older  limestone  masses  have  not  been  found  in  this  district,  at 
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a  lower  altijtude  than  400  ft.    The  highest  body  of  limestone  examined 
was  the  tuff-limestone  found  at  1^400  ft.  . 

The  lack  of  contoiu*  maps  makes  it  difficult  to  draw  accurate  sections. 
But  the  elevations  can  be  tabulated  as  follows: 

West  End  of  Diatriot  East  End  of  Diatriot. 

(Oeania  Mine).  Feet  Feet 

1,000 Fragmental  igneous  rocks 700 

800 Diorite-diabase  contact 600 

700 Top  of  granite  massif 360 

300 Top  of  coastal  limestone 300 

This  table  shows  the  distinct  vertical  distribution  of  the  igneous 
rock  types,  and  a  well-defined  pitch  of  their  surfaces  of  contact. 

C arises  of  Present  Areal  and  Vertical  Distribution  of  the  Rock  Types 

Faulting. — The  linear  distribution  of  the  rock  types,  as  shown  on 
surface  maps,  suggests  at  once  a  direction  of  major  faulting.  But  except 
for  two  minor  faults  in  the  East  Mine,  the  one  northeast-southwest,  the 
other  northwest-southeast  in  strike,  and  a  somewhat  larger  east-west 
fault  in  West  Five  Mine,  no  displacements  worthy  the  name  of  fault 
were  found  in  the  area.  The  nearest  approach  to  a  faidt  system  is  shown 
by  the  later  basic  dikes.  These,  with  the  one  vertical  north-south  trend 
and  a  horizontal  system,  appear  to  have  filled  a  definite  fissure  system, 
but  there  is  no  evidence  of  any  appreciable  movement  along  most  of 
them.  In  West  Five  Mine  an  aplitic  dike  is  offset  6  in.  on  the  opposite 
sides  of  a  2-ft.  wide  basic  dike.  If  the  dikes  do  represent  an  older  fissure 
system,  it  is  a  system  due  to  contraction  during  cooling  of  the  igneous 
rock,  rather  than  to  faulting.  The  Firmeza  district  must  be  added  to  the 
long  list  of  those  in  which  ore  deposits  are  connected  with  fissures  of 
minor  or  no  displacement. 

It  is  the  writer's  opinion  that  the  present  areal  and  vertical  distribu- 
tion is  due  to  three  different  causes — magmatic  differentiation,  tilting, 
and  erosion.  Each  of  three  must  be  considered  in  an  attempt  to  solve 
the  problem. 

Magmatic  Differentiation. — To  show  that  the  vertical  distribution  of 
the  rocks  is  due  to  magmatic  differentiation  it  will  be  necessary  to  estab- 
lish the  comagmatic  origin  of  the  igneous  rocks  and  their  age  relationship. 

The  detailed  petrographic  study  has  shown  that  there  are  present  in 
the  district  igneous  rocks  showing  all  the  stages  of  a  gradual  transition 
from  diabase  porphyry  to  highly  acid  aplites.  The  merging  of  the  types 
can  also  be  found  in  the  field. 

Northeast  of  Estancia  hill  the  transition  of  a  granite-porphyry  sill 
into  the  main  granite  and  quartz-diorite  massif  can  be  followed.  There 
is  no  contact  between  the  two  types.  The  granite  massif  itself  contains 
numerous  inclusions  of  more  basic  material.     These  inclusions  are  an- 
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After  initiation  of  crystallization  the  character  of  the  magma  changed 
mitil  it  had  power  to  reabsorb  part  of  the  already  crystallized  material. 
The  result  of  the  same  action  was  observed  on  a  small  scale  inamicrophoto- 
graph  of  a  specimen  from  the  lower  part  of  the  aplite  dike  in  West  Five 
(not  reproduced  in  this  paper).  It  shows  a  zonal  plagioclase,  calcic  in 
the  central  part,  sodic  at  the  edges,  and  much  corroded.  Obviously 
the  plagioclase  must  have  formed  before  the  liquid  was  of  such  a  composi- 
tion that  it  could  corrode  it.  Similarly  it  seems  possible  that,  in  a  slow- 
cooling  magma,  crystals  form  and  gather  in  clusters,  and  the  interstitial 
liquid,  changing  in  composition,  could  reabsorb  them  more  or  less 
completely. 

Beside  the  evidence  of  the  endogenous  inclusions,  the  transition  from 
quartz-bearing  to  quartz-free  diorite  can  be  observed  in  the  upper  levels 
of  West  Five  Mine,  and  that  from  diorite  to  diabase  in  West  Four  Mine. 
That  the  extrusive  diabases  and  intrusive  diabases  are  of  the  same  mag- 
matic  origin  can  be  seen  from  the  complete  similarity  of  the  two  rocks 
both  megascopically  and  microscopically.  The  only  difiference  is  the 
greater  fineness  of  the  ground  mass  in  the  volcanics. 

Other  features  that  seem  to  point  toward  comagmatic  origin  of  the 
igneous  rocks  are  the  almost  total  absence  of  orthoclase  in  the  entire 
series,  and  the  predominance  of  hornblende  as  a  f erromagnesian  constitu^ 
ent.  The  latter  is  considered  an  indication  of  the  presence  of  abundant 
crystallizers  which  would  aid  in  holding  the  magma  fluid  at  comparatively 
low  temperature. 

The  age  relationship  of  the  igneous  rocks  in  a  country  lacking  in 
sediments  that  are  chronologic  guides  must  be  determined  by  intrusive 
contacts.  The  intrusive  nature  of  the  granitic  apophyses  in  the  diabases 
and  diorites  can  be  established  in  almost  any  of  the  mines.  That  the  main 
granite  massif  is  later  than  the  diorite  is  well  shown  in  La  Posa  brook 
just  north  of  its  junction  with  the  Rio  Carpintero,  where  dikes  of  massive, 
even-gained  granite  cut  the  diorite.  Diorite  cutting  diabase  is  seen  at 
the  contact  of  the  two  rocks  in  the  Juragua  valley  north  of  the  mines. 
Diabase  containing  fragments  of  the  volcanic  diabases  is  found  all  through 
the  district. 

The  order  of  formation  is,  then,  the  normal  one  from  the  basic  to  the 
acid  end  of  the  series;  i.e.: 

1.  Diabasic  extrusive. 

2.  Diabasic  intrusive. 

3.  Diorite. 

4.  Granite. 

5.  Aplite. 

The  origin  from  a  common  parent  magma  and  the  age  relationship 
established,  it  can  be  shown  how  this  would  account  for  the  observed 
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ical  distribution  of  the  igneous  rock  types.     The  series  from  diabase 

anite  agrees  so  completely  with  the  series  described  by  N.  L.  Bowen*® 

le  normal  result  of  fractional  crystallization  in  a  basaltic  magma, 

this  mode  of  differentiation  seems  to  be  the  probable  one  in  this 

lie  diabase  extrusives  mark  the  initiation  of  igneous  activity,  and  the 
Ewe  intrusive  and  the  diorite  mark  early  chilled  phases  of  a  magma 
ming  more  and  more  acid.  The  granitic  massif  is  believed  to  be 
)atholythic  invasion  of  the  more  completely  differentiated  acid  liquid, 
the  granitic  apophyses  part  of  the  final  differentiate  from  the  granite. 
T  will  be  discussed  more  fully  with  the  genesis  of  the  ore  deposits. 
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Fig.  11. — Genesis  of  Present  Rock  Types. 

position  of  the  granite  at  a  definite  horizon  is  thought  to  be  due  to 

act  that  the  cooled  shell  of  the  magma  had  developed  cooling  cracks 

at  depth,  and  as  a  result  the  crystallizers  were  able  to  escape  from  the 

te,  which  could  then  no  longer  remain  liquid. 

hus  differentiation  may  account  for  the  horizontal  arrangement  of 

ock  types  observed  in  the  field. 

iUing, — However,    the    arrangement    is    not    entirely    horizontal. 

e  is  a  distinct  slant  toward  the  southeast  of  all  the  surfaces  of  con- 
The  extrusives  and  the  limestones,  where  bedding  can  be  de- 

ined,  all  show  a  pitch  to  the  southeast.  Just  when  the  tilting  took 
is  difficult  to  establish,  but  since  it  does  not  affect  the  coastal  lime- 
it  may  be  placed  as  previous  to  its  deposition. 


S.  L.  Bowen:  The  Later  Stages  of  the  Evolution  of  the  Igneous  Rocks. 
0  Journal  of  Geology ,  Vol.  23  (Novembei^December,  1915). 
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Whether  tDting  accompanied  or  followed  the  igneous  cycle  and  the  ore 
deposition  cannot  be  determined.  As  the  orebodies  in  the  eastern  end  of 
the  district  are  lower  than  those  at  the  western  end,  it  seems  more 
probable  that  the  tilting  took  place  later  than  the  period  of  ore  deposition. 
The  evidence  is  inconclusive  and  indefinite,  but  it  is  unimportant  as  the 
time  of  the  tilting  cannot  afiFect  any  of  the  major  hypotheses. 

Erosion. — Since  the  time  of  ore  deposition  erosion  has  produced  a 
surface  that  slopes  down  in  general  from  the  north  to  the  south.  In 
this  way  it  h^  cut  across  the  basic  rocks  and  into  the  granitic  massif. 

Fig.  11  shows  a  diagrammatic  representation  of  the  way  the  present 
arrangement  of  the  rock  types  is  believed  to  have  been  brought  about. 
The  diagrams  are  not  to  scale,  and  are  intended  merely  as  an  aid  to 
visualizing  the  conditions. 

Diagram  1.  Shows  conditions  after  differentiation  and  before  tilting  or  erosion. 

Diagram  2.  Shows  conditions  after  tilting  and  prior  to  erosion. 

Diagram  3.  Shows  condition  after  partial  erosion  but  prior  to  deposition  of  coastal 
limestones. 

Diagram  4.  Shows  conditions  as. they  are  at  present. 

V.  GENERAL  DESCRIPTION  OF  ORE  DEPOSITS 

Nature  op  Ore 

The  ore  mined  in  the  Finneza  district  is  a  mixture,  in  varying  pro- 
portions, of  magnetite  and  hematite.  The  ore  is  remarkably  pure  and 
contains  little  foreign  matter.  J.  P.  KimbalP*  gives  the  following 
figures: 

Percent. 

Moisture  (in  part  hygroscopic) 0.24  -  0.81 

Silica  and  insoluble 5.00  -10.50 

Phosphorus 0.009-  0.065 

Sulphur 0.045-  0.248 

Iron 61.00  -68.50 

Although  present  mining  methods  make  it  possible  to  ship  ores  somewhat 
lower  in  iron  content,  and  greater  depth  in  mining  has  exposed  ores  some- 
what higher  in  sulphiu*,  the  figures  Kimball  gave  in  1884  are  substantially 
correct  for  the  ores  now  being  mined.  The  low  phosphorus  and  the 
absence  of  appreciable  amounts  of  titanium  make  the  ore  a  very  valuable 
one  for  the  manufacture  of  high-grade  steel. 

Shape  and  Size  of  Obebodies 

In  shape  the  deposits  are  extremely  irregular.  Whatever  their  siae 
they  show  one  common  feature  throughout  the  area — a  far  greater  ex- 
tension in  two  dimensions  than  in  the  third  dimension.     They  resemble  a 

^>  J.  P.  Kimball:  Geological  Relations  and  Genesis  of  the  Specular  Iron  Ores  of 
Santiago  de  Cuba.     American  Journal  of  SciencCy  Ser.  3,  vol.  28,  p.  426  (1884). 
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ries  of  scattered  lenses  of  irregular  outline,  that  lie  in  every  conceivable 
sition.  Fig.  12  shows  a  series  of  horizontal  projections  of  the  ore- 
dies  and  a  few  vertical  sections.  The  projections  are  drawn  to  scale, 
d  the  sections  are  sketched  from  exposures  in  the  walls  of  the  mines, 
le  outlines  represent  the  boundary  of  the  ore  of  commercial  grade, 
ley  do  not  represent  the  edge  of  the  mineralization.  There  is  gener- 
y  a  transition  from  ore  to  rock,  not  a  definite  contact  between  them, 
lis  subject  will  be  more  fully  discussed  under  the  mineralogy  of  the  ore 
posits. 

The  size  of  the  ore  deposits  varies  from  pockets  containing  a  few 
as  to  lenses  whose  larger  diameters  are  measured  in  hundreds  of  feet 
d  whose  thickness  is  from  10  to  50  ft. 

fforijonttki         Ptoj9tti9A0 
Ore  -  JBo«Ci€* 


^ 


•^ 


Veriiat/  Seciic^i 

Vre    -   bodies 


Fig.  12. 

Geologic  Position 

With  the  possible  exception  of  the  Ocania  and  Chicharron  Mines,  the 
B  deposits  lie  within  200  ft.  of  the  granitic  apophyses.  These  excep- 
)ns  are  probably  more  apparent  than  real  and  may  indicate  that  the 
dite  has  not  yet  been  exposed,  not  that  it  is  absent.  In  most  cases  the 
es  are  directly  iti  contact  with  aplitic  or  pegmatitic  rock. 

The  relation  of  aplite  to  ore  is  exceedingly  intimate.  In  most  of  the 
Ines  the  ore  lies  against  a  floor  or  wall  formed  either  of  aplite  or  of  peg- 
atitic  granite  with  much  micrographic  quart z-plagioclase  intergrowth. 
-equent  aplitic  dikes  traverse  the  ore,  and  form  prominent  features 
icause  of  their  light  colors,  in  strong  contrast  to  the  black  ore  and  the 
een  igneous  rocks.  In  spite  of  their  apparent  position  as  dikes,  they 
e  not  to  be  considered  as  later  than  the  mineralization.  This  will  be 
own  in  the  discussion  of  the  genesis  of  the  ores.  ^  , 
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The  host  rock  of  the  ore  is  either  one  of  the  basic  igneous  rocks,  or  lime- 
stone. By  far  the  greater  part  of  the  ore  is  in  diorite  or  intrusive  diabase; 
some  is  found  in  the  diabasic  extrusive  rocks,  and  only  a  minor  amount 
in  the  limestones.  In  at  least  three  of  the  mines  the  ore  deposits  are  very 
close  to  the  overlying  limestone  masses,  but  there  has  been  no  locali- 
zation in  the  limestone,  and  the  larger  masses  are  separated  from  the 
limestone  by  basic  igneous  rock. 

Mineralogy 

The  ore  minerals  are  magnetite  and  specularite,  with  some  amorphous, 
more  or  less  hydrated,  hematite  in  the  upper  parts  of  the  ore  deposits. 
The  common  gangue  minerals  are  quartz,  wollastonite,  epidote,  and  lime- 
iron  garnet.  The  epidote  comes  in  two  clearly  distinct  forms.  The 
one  is  a  well-developed,  crystalline  form,  transparent  and  pleochroic 
from  green  to  yellow.  The  other  is  a  fibrous  and  scaly  form,  lacking  in 
well-defined  terminations.     The  well-crystallized  form  is  the  one  that 


Fig.  13. — Pyrite  Crystal  from  West  Onb  Mine. 

is  associated  with  the  ores,  and  other  lime  silicates.  In  some  of  the  mines 
calcite  is  intimately  intergrown  with  the  ore.  Apatite,  titanite,  and  a 
mineral  determined  with  some  doubt  as  scapolite,  were  also  found  in 
rare  cases.  Secondary  calcite,  introduced  by  recent  weathering,  is 
not  uncommon.  Pyrite  and  chalcopyrite  are  found  in  most  of  the  mines. 
They  are  almost  always  introduced  and  rarely  if  ever  original  constitu- 
ents of  the  ore  deposits.  The  pyrite  occurs  in  well-developed  crystals. 
One  of  these  from  the  West  One  Mine  is  shown  in  Fig.  13.  Associated 
with  them  is  chlorite  and  some  sericite. 

Distribution 

The  distribution  of  the  minerals  appears  to  be  haphazard  and 
extremely  irregular,  but  natural  phenomena  are  not  haphazard,  they 
are  logical  and  sequential.  Detailed  study  has  convinced  the  writer 
that  the  minerals  in  these  deposits  are  distributed  according  to  a  definite 
"der.     The  most  clearly  localized  material  is  the  massive,  fine-grained 
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intergrowth  of  magnetite  and  specularite.  This  massive  ore  lies  in,  and 
close  to,  fissures,  or  else  directly  next  to  aplitic  or  pegmatitic  granite. 
In  the  minute  intergranular  spaces  of  this  ore  occur  woUastonite  and  some 
quartz.  As  the  ore  becomes  less  massive  toward  the  margin  of  the  de- 
posit the  proportion  of  specularite  to  magnetite  increases,  wollastonite 
becomes  more  abundant,  as  does  quartz,  and  epidote  and  garnet  appear. 
Still  further  out  from  the  massive  ore,  garnet  predominates,  with 
some  epidote,  little  or  no  wollastonite,  very  little  quartz,  and  some  more 
coarsely  crystallized  specularite  and  magnetite.  In  some  cases  this  zone  is 
composed  entirely  of  massive  garnet  with  very  few  impurities.  Beyond 
the  garnet  is  an  area  in  which  epidote  and  quartz  are  prevalent.  Minerali- 
zation of  this  type  is  the  most  widely  diffused,  and  merges  gradually 
into  partially  chloritized  and  epidotized  coimtry  rock.  The  above  de- 
scription holds  only  for  the  typical  deposits  in  igneous  rocks.  The  com- 
plete sequence  is  rarely  well-exposed.  It  can  best  be  observed  in  the 
East  Mine  and  in  West  Five  Mine. 

Those  deposits  which  are  obviously  in  limestone  show  two  kinds  of 
mineral  distribution.  One  is  shown  in  the  Chicharron  Mine.  It  is  a 
dike-like  mass  of  magnetite  and  specularite,  with  interstitial  wollastonite. 
The  contact  with  the  marble  is  sharp,  and  no  contact  minerals  are  found. 
The  other  form  of  orebody  in  limestone  is  a  central  mass  of  almost  pure 
specularite,  in  rosette-like  clusters,  or  granular  masses,  surrounded 
by  an  intimate  intergrowth  of  quartz  well-crystallized  calcite,  garnet 
and  epidote.  This  form  of  orebody  is  best  exposed  in  the  North  Mine. 
The  transition  to  unaltered  marble  is  not  exposed  there.  In  the  Ocania 
Mine  this  transition  is  exposed  and  shows  a  sharp  change  from  garnet 
rock  to  unaltered  marble. 

Apatite  is  so  rare  that  it  is  a  curiosity  in  the  district.  Fig.  14  shows 
a  microphotograph  of  the  one  section  in  which  it  was  found  in  appreciable 
amoimt.  It  appears  in  the  usual  hexagonal  basal,  and  elongated  pris- 
matic sections.  Later  than  the  apatite  in  time  of  crystallization  are 
magnetite  and  the  minute  garnet-epidote  intergrowth.  The  scarcity  of 
apatite  and  so  of  phosphorus  in  the  ore  is  of  the  greatest  economic  im- 
portance. It  is  also  an  indication  that  phosphorus  had  little  or  no  share 
in  the  mineralization. 

The  secondary  calcite,  the  kaolin,  and  the  amorphous  and  hydrated 
hematite,  are  found  either  very  close  to  the  surface  or  in  channels 
to  which  meteoric  waters  have  obviously  had  access.  Pyrite  is  common 
in  all  the  mines  and  lies  close  to  the  surface  in  an  unaltered,  well-crystal- 
lized condition. 

Interpretation  of  the  Mineralogy 

The  first  inference  to  be  drawn  from  the  mineralogy  of  the  ore  deposits 
is  that  they  were  formed  at  a  high  temperature.    The  temperature  of 
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mineral  formations  is  not  yet  so  well  known  that  accurate  conclusions 
can  be  drawn  from  mineralogy  as  to  the  exact  temperature  at  which  ore 


Fia.  14. — Specimen  from  West  Five  Mine.     X  18.     Magnetite — ^black.     Epidote 
and  garnet — ^gray.     Apatite — clear  white. 

deposits  were  formed,  but  the  occurrence  of  lime-iron  garnet  and  of 
woUastonite  indicates  high  temperatures.  The  association  with  quartzose 
pegmatitic  dikes,  which,  as  will  appear  later,  are  believed  to  be  con- 


Fia.  15. — Diabase  Porphyry,  Showing  Introduced  Quartz  and  Epidotization. 
From  East  Mine.     X  18.     Quartz — white.     Epidote — dark. 

temporaneous  with  the  ore  formation,  places  the  temperature  at  from 
575°  to  800°C.2o 

*®  F.  E.  Wright  and  E.  S.  Larsen:  Quartz  as  a  Geologic  Thermometer.    American 
Journal  of  Science,  Ser.  4,  vol.  27,  p.  421  (1909). 
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rhe  second  inference  drawn  from  the  mineralogy  is  that  the  iron,  lime, 

quartz  are  either  entirely,  or  in  part,  introduced  material.  The 
J  quantity  and  great  concentration  of  the  iron  oxides  makes  their 
lation  from  the  rock  in  which  they  are  found  highly  improbable, 
it  can  be  assumed  that  they  represent,  almost  entirely,  introduced 
3rial. 
rhe  lime  silicates,  epidote,  woUastonite,  and  garnet  are  so  abundant 

an  addition  of  lime  seems  extremely  probable.  Because  the  rock, 
entirely  replaced  by  ore,  was  a  calcic  igneous  rock,  it  is  impossible  to 
rmine  whether  the  lime,  which  was  added  t6  form  garnet  zones,  came 
I  the  magma  or  from  the  replaced  rock.  Since,  in  places  like 
mcia  Hill,  the  garnet  zones  are  out  of  all  proportion  to  the  size  of  the 
odies,  an  addition  of  lime  from  the  magma  seems  probable.  The 
[)r  part  of  the  lime  is  deposited  in  a  zone  beyond  the  iron.  In  this 
ion  the  lime  silicates  always  show  a  later  crystallization  than  the  iron 
es.  This  makes  it  appear  as  if  the  mineralizing  agent  deposited  most 
le  iron  oxides  while  still  able  to  retain  much  lime  in  solution.  Further 
ence  of  the  addition  of  lime  from  the  magma  is  afforded  by  the  apa- 

intergrown  with  the  magnetite,  in  the  specimen  from  West  Five 
e  described  above  (Fig.  14).  The  epidotization  and  silicification  in 
outermost  zone  seems  to  be  largely  recrystallization,  and  represents  a 
rothermal  alteration,  more  or  less  in  sitUj  rather  than  an  addition  of 
erial.  The  chloritization  is  also  an  effect  of  this  hydrothermal 
Eunorphism.  Six  samples  of  diabase  showing  more  or  less  epidote  were 
lyzed  for  lime.  They  were  selected  at  various  distances  from  a  lime- 
e  inclusion,  in  order  to  show  a  supposed  absorption  of  lime.  The 
atipn  in  the  lime  content  is  so  slight  that  no  addition  of  lime  in  this 
5  can  be  postulated.  The  quartz  is  probably  largely  a  byproduct  of 
alteration  of  hornblende  to  epidote.  It  is  also  in  part  introduced, 
s  shown  in  the  microphotograph  of  a  specimen  from  the  diabasic 
>hyry  in  the  East  Mine  (Fig.  15). 

[n  regard  to  the  chemical  form  of  the  mineralization,  inferences  are 
ely  negative.     Evidence  of  the  participation  in  the  mineralization  of 

of  the  halogens  is  practically  lacking.  The  apatite  and  dubious 
)olite  indicate  some  chlorine,  but  the  occurrence  of  chlorine-bearing 
eraJs  is  so  rare  that  the  introduction  of  the  iron  as  chloride  cannot  be 
vn.  CO2  would  be  expected  to  show  its  presence  in  the  formation 
tarbonates  in  the  zone  of  hydrothermal  alteration.  No  appreciable 
mnt  of  carbonates  was  found,  except  in  the  occurrences  in  limestone. 
1  presence  of  much  water  is  shown,  however,  by  the  extensive  hydro- 
•mal  alteration  in  the  outer  zone  of  mineralization .  If  the  inferences  in 
ird  to  the  temperature  of  the  formation  of  the  ore  deposits  is  correct, 
;  more  than  200°  above  the  critical  temperature  of  water  (358°C.). 
t  fact  that  this  water  carried  material  in  solution  makes  it  impossible 
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to  prove  that  it  was  in  the  form  of  vapor;  but  the  high  temperature  an< 
the  fact  that  the  mineraUzers  were  able  to  permeate  dense  rocks  so  readil; 
makes  it  probable  that  they  were  in  the  gaseous  rather  than  the  liquid 
phase.  The  mineraUzers  are,  therefore,  believed  to  have  been  domi 
nantly  water  vapor,  carrying  with  it  iron,  lime  and  silica.  The  variatioi 
in  mineralization  with  decreasing  intensity  is  believed  to  be  as  shown  ii 
the  diagram.  Fig.  16. 

A  later  mineralization  is  represented  by  the  pj^ite  and  chalcopyritc 
Field  observation  shows  that  the  pyrite  in  the  ore  lies  in  channels  alonj 
which  solutions  have  passed.  In  the  ore  it  is  usually  accompanied  b; 
chlorite.  Where  the  pyritization  has  taken  place  in  the  wall  rocks,  a 
at  the  west  side  of  the  Ocania  Mine,  both  chlorite  and  sericite  occur.  Th< 
pyrite  seems  to  represent  a  very  much  later  stage  of  mineraUzation  thai 
the  magnetite  and  hematite.    It  is  impossible  to  prove  any  definit 

MINERALIZATION      DIADRAM 
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Fig.  16. 

connection  between  the  pyritization  and  the  mineralization  that  produce 
the  orebodies.  It  seems  probable  that  the  solutions  that  brought  th 
pyrite  came  in  at  the  time  of  the  intrusion  of  the  later  dikes. 

Superficial  Alteration 

W.  Lindgren  believes  that  the  hematite  is  the  result  of  the  alteration  o 
magnetite  by  surface  agencies.    He  says: 

" ^the  hematitization   is   probably   a  low-temperature  process   developioj 

gradually  under  the  influence  of  oxidizing  atmospheric  waters."'^ 

The  occurrences  in  the  Firmeza  district  are  in  entire  accord  with  tho» 


*^  W.  lindgren  and  G.  P.  Ross:  The  Iron  Deposits  of  Daiquiri,  Cuba.     TranM, 
vlo,  63,  p.  52  (1916). 
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corded  by  lindgren  at  Daiquiri.  There  is  an  increase  of  hematite  in 
le  higher  levels  of  the  mines.  A  polished  specimen  of  the  massive  ore 
Dm  the  Chicharron  Mine  shows  very  clearly  the  intimate  intergrowth 

specularite  and  magnetite,  and  some  of  the  specularite  forms  a  later 
jinlet  through  the  magnetite;  but  to  accept  without  question  specu- 
rite  as  an  oxidation  product  of  magnetite  is  diflBcult.  The  writer  has 
jen  unable  to  find  any  record  of  the  synthesis  of  specularite  except  at 
gh  temperatures,  or  of  the  occurrence  of  specularite  as  the  result  of 
irface  oxidation  except  imder  superimposed  regional  metamorphism. 

is  not  the  crystalline  facies  of  hematite  that  forms  under  surface 
;encies,  as  the  result  of  dehydration  of  limonite,  in  the  ores  of  Mayari. 
ndgren  does  not  state  that  the  process  of  hematitization  produces  the 
ystalline  facies  of  hematite  (specularite).  But  since  it  is  the  crystalline 
lase  that  is  abimdant,  and  the  earthy  phase  rare,  it  must  be  the  specu- 
rite  to  which  he  refers.    He  does  say:** 

"The  pits  in  the  hematite  are  probably  caused  by  the  local  development  of  a 
fter  or  earthy  facies  of  the  mineral." 

I  spite  of  the  fact  that  all  the  observations  accord  with  the  theory 
Ivanced  by  Lindgren,  the  writer  desires  to  suggest  another  hypothesis — 
at  is,  that  both  the  magnetitization  and  the  hematitization  are  due  to  a 
imary  mineralization  by  gaseous  solutions  deficient  in  ferrous  oxide. 
F.  W.  Clarke  says:" 

"Ferric  oxide  can  crystallize  out  as  hematite  only  when  ferrous  compounds  are 
^er  absent  or  present  in  quite  subordinate  amounts,  for  ferrous  oxide  imites  with  it 
form  magnetite." 

[le  cr3rstallization  of  specularite  aS  a  later  phase,  from  a  gaseous  solution 
ntaining  insuflBcient  ferrous  oxide  to  produce  all  magnetite,  is  in  accord 
Lth  Clarke's  observation.  Deficiency  of  FeO  could  account  for  a  change 
3m  magnetite  to  specularite  about  centers  of  crystallization.  It  could' 
30  accoimt  for  a  diffusion  of  the  hematitization  to  a  higher  level,  further 
3m  the  centers  of  mineralization  than  the  magnetitization.  Local  varia- 
>ns  in  the  mineralizing  solutions  account  for  the  variations  in  the  pro- 
^rtion  of  hematite  to  magnetite  in  bodies  equally  close  to  the  parent 
agma. 

The  only  important  effect  ascribed  to  surface  waters  by  the  writer  is 
e  oxidation  of  the  pyrite  near  the  surface,  and  the  resulting  decrease  in 
e  imdesirable  sulphur  conteijt. 


»  Op.  cU.,  p.  62. 

"F.  W.  Clarke:  Data  of  Geochemistry.    BuOelin  No.  616,  U.  S.  Geological 
iruey,  p.  347. 
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VI.  GENESIS  OF  THE  ORE  DEPOSITS 
Previous  Theories 

The  preceding  description  of  the  ore  deposits,  and  discussion  of  their 
mineralogy,  makes  it  possible  to  consider  the  larger  features  of  their 
mode  of  formation.  As  this  is  purely  a  matter  of  interpretation,  it  is 
necessary  to  consider  first  the  interpretation  given  by  others.  J.  P. 
Kimball,  writing  in  1884-85,  and  F.  F.  Chisholm,  in  1890,  formed  their 
conclusions  from  observations  made  in  the  Firmeza  district.  A.  C. 
Spencer  based  his  theories  on  work  done  at  both  Firmeza  and  Daiquiri 
in  1901.  The  papers  by  J.  F.  Kemp,  and  by  W.  Lindgren  and  C.  P. 
Ross,  were  written  more  largely  from  evidence  gathered  at  Daiquiri, 
with  some  specimens  and  a  brief  visit  by  Kemp  to  the  Juragua  mines  in 
1914.  J.  T.  Singewald  and  B.  LeRoy  Miller  made  a  brief  visit  to  the 
Firmeza  and  Daiquiri  districts  in  the  fall  of  1915. 

J.  P.  Kimball**  recognizes  two  types  of  ore  deposit  in  the  Juragua  dis- 
trict.   These  are  "replacements"  of  the  coral  limestone  by  iron-bearing 
solutions,  and  "concentrations"  of  ferric  oxide  in  the  diorite,  "almost. 
in  siiu.^'    Both  replacement  and  concentration  are  ascribed   to  the 
action  of  circulating  meteoric  waters. 

F.  F.  Chisholm**  discusses  the  theory  advanced  by  J.  P.  Kimball,  and 
disagrees  with  it.     He  states  his  own  opinion  as  follows:** 

"My  conclusions,  after  going  in  detail  over  most  of  the  exposure  made  by  the 
Union  cut,  were  that,  whatever  the  exact  character  of  the  ore  deposit,  the  present 
position  of  the  ore  cannot  properly  be  considered  the  result  of  local  metamorphism  of 
limestones  by  the  action  of  surface  waters  containing  iron  leached  from  the  overlying 
mass  of  iron-bearing  diorite.  I  am  much  more  strongly  inclined  to  consider  the  ore 
here  either  the  result  of  concentration  within  a  diorite  dyke  which  was  originally 
characterized  by  the  presence  of  a  large  percentage  of  iron,  or  else  a  distinct  band  form- 
ing a  portion  of  a  larger  dyke.  In  other  words,  I  am  strongly  of  the  opinion  that  the 
source  of  the  ore  is  from  below,  and  consequently  that  the  loyalty  of  these  deposits 
jnay  be  relied  on  below  the  limits  of  atmospheric  action.  I  regret  that  I  was  unable 
to  go  into  the  question  in  detail,  and  get  positive  facts  in  support  of  my  belief,  but 
that  I  am  obliged  to  admit  that  my  examination  was  too  superficial  to  enable  me  to 
prove  my  views." 

A.  C.  Spencer,*'  after  considering  several  possible  explanations  of  the 
genesis  of  the  ore  deposits,  comes  to  the  conclusion  that  they  are  parts  of 

^  J.  P.  Kimball:  Geological  Relations  and  Genesis  of  the  Specular  Iron  Ores  of 
Santiago  de  Cuba.     American  Journal  of  Sciences^  Ser.  3,  vol.  28,  p.  426  (1884). 

The  Iron-Ore  Range  of  the  Santiago  District  of  Cuba.  Trans,^  vol.  13,,  pp.  613- 
634  (1884-85). 

"  F.  F.  Chisholm:  Iron- Ore  Beds  at  the  Province  of  Santiago,  Cuba.  Proceed- 
ings oj  the  Colorado  Scientific  Society,  vol.  3,  part  3,  pp.  25^263  (1888). 

«•  Op.  cU.,  p.  262. 

"  C,  W.  Hayes,  T.  W.  Vaughan,  and  A.  C.  Spencer:  Report  on  a  Geological  Re^ 
connaiesance  of  Cvba,  1901. 
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an  older  limestone-schist  series  which  has  been  completely  involved  in  the 
later  igneous  intrusions.  The  following  quotation  shows  how  completely 
Spencer  supposed  this  older  series  to  have  been  immersed  in  the  igneous 
rock." 

"A  mass  of  many  million  tons  weight  floated  upward  by  the  buoyant  effect  of 
molten  rock  in  motion  from  the  interior  toward  the  surface  of  the  earth,  is  the  only 
conception  which  adequately  accounts  for  the  mode  of  occurrence  of  the  orebodies 
of  the  Magdalena  and  the  Lola  Mines  at  Daiquiri;  while,  though  less  strikingly  shown, 
at  Firmeza  it  is  likely  that  the  masses  of  schist,  marble  and  ore  have  been  likewise 
actually  suspended  in  the  molten  lava." 

J.  F.  Kemp2*  divides  the  orebodies  into  two  types — ^the  "Distinctive 
Contact  Zones"  in  limestone,  and  the  orebodies  in  the  diorite.  The 
former  he  regards  as  due  to  contact-metamorphic  effects  produced  in  the 
limestones  by  the  granite.    Of  the  orebodies  in  the  diorite  he  says: 

"  One  is  led  to  the  conclusion  that  while  the  diorite  mass  was  still  hot  in  the  depths 
or  after  it  had  consolidated  and  had  been  penetrated  by  some  other  and  still  hot ' 
intrusive  in  depth,  a  pronounced  northwest  and  southeast  fissured  zone  was  formed, 
up  through  which  came  the  emissions,  fluid  or  gaseous,  which  brought  the  iron  for 
the  ore,  the  pyrite,  the  garnet  and  the  epidote;  the  sulphur  for  the  pyrite;  and  the  silica 
for  the  quartz,  the  garnet  and  the  epidote.  The  lime  required  by  the  garnet  and  the 
epidote  may  have  been  derived  from  the  plagioclase  and  hornblende  of  the  diorite,  or 
srom  included  blocks  of  limestone,  or  deep-lying  limestone,  or  from  several  of  these 
fources." 

Another  quotation  from  the  same  article  might  indicate  that  Kemp 
suspected  what  has  become  the  conviction  of  the  writer:'® 

"One  cannot  help  associating  the  granitic  or  pegmatitic  dikes  with  some  large 
parent  body.  The  natural  one  is  the  intrusive  granite  mentioned  at  the  outset. 
Yet  this  granite  has  produced  contact  zones  on  the  older  limestone  with  orebodies, 
whereas  the  granitic  and  quartz-porphyry  dikes  are,  in  two  cases  at  least,  later  than 
the  large  orebodies.  We  can  only  suspect  the  possible  connection  without  being  able 
to  prove  it." 

Kemp  apparently  bases  his  conclusion  that  the  aphte  dikes  represent  a 
later  intrusion  into  the  ore  on  the  fact  that  the  dikes  appear  to  cut  the  ore. 
That  another  hypothesis  is  possible  will  be  shown  later. 

W.  Lindgren  and  C.  P.  Ross,'^  on  evidence  gathered  by  the  senior 
author^  deduced  the  following  conclusions:'* 

"From  the  above  it  is  clear  that  the  primary  iron  oxide  of  the  deposits  at  Dai- 
quiri is  a  magnetite,  which  subsequently  has  been  altered  more  or  less  completely  to  a 

M  Op.  cU.,  p.  82. 

•»  J.  F.  Kemp:  The  Geology  of  the  Iron-Ore  Deposits  In  and  Near  Daiquiri,  Cuba. 
Trans.,  vol.  63,  p.  30  (1916). 

»»  Op.  cit.,  p.  21. 

»i  W.  Lindgren  and  C.  P.  Ross:  The  Iron  Deposits  of  Daiquiri,  Cuba.  Trans., 
vol.  63,  p.  62  (1916). 

»«  Op.  cU.,  p.  63. 
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hematite.  The  discussion  of  genesis  may  therefore  be  divided  into  two  parts:  the  first 
relating  to  the  origin  of  the  magnetite;  the  second  to  its  subsequent  hem&tilization. 

The  mineral  association  of  the  magnetite,  particularly  the  presence  of  much 
garnet,  shows  that  it  originated  under  high-temperature  conditions. 

On  the  other  hand,  the  hematitization  is  probably  a  low-temperature  process 
developing  gradually  under  the  influence  of  oxidizing  atmospheric  waters." 

The  problem  of  heDiatitization  has  already  been  discussed. 

Further  on  three  theories  discussed  by  A.  C.  Spencer  are  rediscussed 
by  the  authors.  After  dismissing  the  other  two  theories,  the  second 
theory  is  accepted,  as  follows: 

'^  There  remains  the  second  theory,  accounting  for  the  large  masses  of  magnetite 
included  in  the  diorite  by  contact-metamorphic  limestone,  by  which  the  latter  has 
become  almost  entirely  replaced  by  magnetite  derived  from  magmatic  emanations 
rich  in  iron.  While  it  is  freely  admitted  that  the  genesis  of  the  Daiquiri  deposits  is 
difficult  to  explain,  it  will  be  shown  that  the  view  outlined  in  the  previous  sentence 
has  much  in  its  favor." 

J.  T.  Singewald  and  B.  LeRoy  Miller  discuss  the  theories  advanced 
by  J.  F.  Kemp,  and  by  W.  Lindgren  and  C.  P.  Ross  in  the  papers 
cited  above  and  come  to  the  conclusions  summed  up  in  the  following 
paragraph:" 

"To  sum  up  our  opinions,  tlie  Cuban  iron  ores  are  contact-metamorphic  deposits 
localized  about  engulfed  blocks  of  limestone  in  diorite.  In  such  cases,  where  there 
was  a  limited  supply  of  magmatic  emissions,  there  resulted  the  contact  metamorphism 
of  only  a  part  of  the  limestone  block.  Where  the  supply  was  ample  and  the  action 
most  intense,  not  only  was  the  block  of  limestone  completely  replaced,  but  complete 
endomorphism  of  the  igneous  rock  on  a  large  scale  occurred  in  the  vicinity." 

The  above  are  the  interpretations  offered  by  others  who  have  studied 
the  field  more  or  less  closely.  But  a  study  of  different  exposures  and  a 
different  viewpoint,  have  led  the  writer  to  conclusions  which  are  somewhat 
at  variance  with  those  quoted. 

Hypothesis  of  the  Genesis  op  the  Orb  Deposits 

Any  comprehensive  theory  concerning  the  formation  of  an  ore  depK>sit 
in  a  rock  of  which  it  is  not  an  original  part — i,e,,  an  epigenetic  deposit — 
must  account  for  four  things: 

I.  The  source  of  the  material  forming  the  deposit. 

II.  The  vehicle  that  introduced  the  material. 

III.  The  channel  through  which  the  material  was  introduced. 

IV.  The  cause  for  the  deposition  of  the  material. 

Source  of  the  Iron  Ore 

The  ultimate  soxirce  of  the  iron  ore  was  the  diabasic  magma.  The 
extruded  part  of  this  magma,  with  the  involved  limestones,  together  with 

**  J.  T.  Singewald  and  B.  LeRoy  Miller:  The  Genesis  and  Relations  of  the  Dai* 
quiri  and  Firmeza  Iron-Ore  Deposits,  Cuba.     Trans,,  vol.  53,  p.  73  (1916). 
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e  chilled  upper  part  of  the  magma  (the  diabases  and  diorite)  form  the 
«t  rock  of  the  ore  deposits.  It  has  already  been  shown,  in  the  discus- 
)n  of  the  areal  geology  of  the  district,  that  this  magma  was  differen- 
ited,  that  the  earUer  igneous  rocks  represent  the  parent  magma  and  its 
rly  differentiation  products,  and  that  the  latest  rock  differentiate  was 
e  granite  massif  with  its  apUtic  apophyses.  These  aplites,  which  are, 
ider  anhydrous  conditions,  extremely  viscous,  must  have  contained  large 
lantities  of  crystallizers,  to  keep  them  fluid  and  enable  them  to  pene- 
Ette  the  basic  rocks  as  sills  and  dikes.  It  is  believed  that  these  crys- 
llizers  were  mostly  composed  of  water  vapor  well  above  the  critical 
mperature,  and  that  they  held  in  an  ionized  state  the  ore  minerals. 

Vehicle  to  Carry  the  Material 

These  concentrated  cr3rstallizers  were  also  the  vehicle  to  carry  the 
ineral  bxirden  into  the  rocks  which  act  as  host  for  the  ore  deposits,  i.e., 
e  crystallizers  plus  the  minerals  are  the  mineraUzers.  Their  natxire  has 
ready  been  discussed  under  the  interpretation  of  the  mineralogy. 

Channels  through  which  the  Maleriah  Were  Introduced 

One  of  the  striking  features  of  tho' larger  Firmeza  deposits  is  that 
e  ores  have  almost  obviously  avoided  the  masses  of  marmorized  lime- 
one.  This  can  be  explained  by  the  fact  that  the  channels,  through 
liich  the  mineraUzers  entered,  were  not  Unes  of  weakness  or  shear  zones 
oduced  by  structural  faulting,  but  were  cooling  cracks  in  the  igneous 
cks. 

Causes  of  Deposition 

The  causes  of  deposition  may  be  of  either  a  chemical  or  physical 
iiture,  or  a  combination  of  the  two.  It  has  been  the  tendency  of 
lologists  to  ascribe  to  chemical  action  the  dominant  rdle  in  contact- 
etamorphic  actions.  This  makes  it  difficult  to  account  for  ore  deposits 
two  rocks  as  chemically  different  as  diabasic  igneous  rock  and  marmor- 
ed  limestone,  except  by  postulating  different  theories.  If  it  is  beUeved 
lat  the  dominating  cause  of  deposition  is  physical,  and  is  inherent  in 
le  mineralizing  solutions,  whether  liquid  or  gaseous,  this  difficulty  is 
)viated.  It  is  the  writer's  opinion  that  such  was  the  case  in  the  forma- 
3n  of  these  deposits.  The  mineraUzers  were  under  such  great  pressure 
id  at  such  high  temperature  that  they  had  the  power  to  diffuse  through, 
id  either  partially  or  whoUy  absorb,  any  rock  with  which  they  came 
to  contact.  This  diffusion  and  partial  absorption  would  rob  the  mineral- 
ers  of  a  large  part  of  their  activity,  and  would  cause  deposition  of  the 
inerals  in  a  definite  order.     The  order  would  be  dependent  on  the 
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saturation  of  the  gases  or  solutions  with  the  material  to  be  deposited. 
The  field  evidence  for  such  an  order  is  clear,  and  as  shown  in  discussing 
the  mineralogy  of  the  deposits,  magnetite  and  specularite  are  the  first 
minerals  deposited.  As  a  result,  the  magnetite  and  specularite  are  local- 
ized in  and  near  the  fissures  through  which  the  solutions  had  access,  while 
the  epidote,  which  is  probably  only  in  part  due  to  accession  of  material 
from  the  magma,  and  is  more  largely  a  recrystallization  of  material 
present  in  the  host  rock,  is  much  more  widely  diffused.  Joseph  Barrell, 
in  conversation  with  the  writer,  suggested  that  such  a  hypothesis  may  also 
account  for  the  association  of  aplitic  and  pegmatitic  dikes  with  basic 
mineral  segregations.  The  dikes  are  regarded  as  the  residual,  acidic 
rock  material  left  in  fissures,  from  which  the  mineralizers  had  gone  into 
the  rockbody,  and  in  the  process  had  effected  a  separation  of  acidic  and 
basic  material. 

Under  the  hypothesis  advanced,  the  orebodies  owe  their  localization 
in  igneous  rock  or  limestone  almost  entirely  to  the  accessibiUty  of  the  rocks 
to  the  mineralizing  solutions.    The  same  causes  govern  all  the  cases. 

Briefly  stated,  it  is  the  writer's  belief  that  the  orebodies  in  the  Firmeza 
district  are  due  to  mineralizers  concentrated  by  further  differentiation 
from  the  granitic  massif,  which  is  itself  a  differentiate  of  the  diabasic 
magma.  These  mineralizers  diffused  from  the  igneous-rock  material 
into  those  rocks  to  which  fissures  gave  access,  and,  in  diffusing,  deposited 
their  mineral  burden,  and  left  the  rock  material  with  which  they  had 
been  mixed  in  the  fissures,  as  aplites  and  pegmatites. 

Under  this  hypothesis  the  mineralization  becomes  a  definite  event  in 
the  igneous  cycle,  which  cycle  may  be  restated  as  follows: 

1.  Extrusion  of  diabasic  rock  material. 

2.  Intrusion  of  diabasic  magma. 

3.  Formation  by  differentiation  of  more  acidic  residual  liquid  in 
magma  reservoir,  with  concentration  of  mineralizers. 

4.  Bathol3rthic  invasion  of  granitic  material,  together  with  minerali- 
zers. 

6.  Further  differentiation  of  the  granitic  bathoUth  and  escape  of 
mineralizers  with  some  acidic  rock  material,  into  cooling  cracks  in  coimtry 
rock. 

6.  Separation  of  basic  mineralizers,  and  acidic  rock  material,  with 
contemporaneous  formation  of  ore  deposits  and  aplitic  dikes  and  pegma- 
titic apophyses. 

The  hypothesis  submitted  above  is  given  prior  to  a  detailed  descrip- 
tion of  the  ore  deposits.  It  must  be  tested  by  its  application  to  the 
phenomena  observed  in  the  field,  and  by  its  ability  to  meet  the  objections 
raised  by  other  writers  on  the  same  subject. 
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Discussion  of  the'  Different  Hypotheses 

The  hypotheses  of  the  diflferent  geologists  who  have  visited  the  region 
have  been  given,  either  as  abstracts  or  by  quotations.  The  earliest  of 
these,  that  by  J.  P.  Kimball,  does  not  account  for  the  formation  of  what 
are  now  known  to  be  high-temperature  minerals:  garnet,  wollastonite, 
etc.  Kimball  recognized,  however,  that  some  of  the  Ores  lay  in  diorite 
and  could  not  be  accounted  for  by  a  hypothesis  which  depended  entirely 
on  limestone  as  a  precipitant.  F.  F.  Chisholm  does  not  attempt  to  formu- 
late a  complete  theory  of  the  genesis  of  the  ore  deposits.  With  his  con- 
clusion that  the  mineralizing  solutions  came  from  below,  and  were  not  of 
meteoric  origin,  the  writer  entirely  agrees. 

The  theory  accepted  by  A.  Spencer  requires  an  older  limestone-schist 
series.  Limestone  was  found  in  the  Firmeza  district  in  considerable 
abundance,  but  schist  could  not  be  found  by  the  writer.  The  occurrence 
of  tuflf-limestones  interbedded  with  the  volcanic  extrusive  material  makes 
it  seem  probable  that  the  period  of  sedimentation,  and  the  initiation  of 
the  igneous  cycle,  were  not  separated  by  a  time  interval  suflBcient  for 
the  forming  of  surface  orebodies  and  their  entombing  in  igneous  rock. 
This  theory  also  fails  to  account  for  the  forming  of  ore  in  diorite.  In  a 
tunnel  under  West  Five  Mine  the  transition  from  fresh  diorite  to  granular 
magnetite  can  be  traced.  The  transition  is  gradual  and  there  is  no  con- 
tact which  could  possibly  be  interpreted  as  the  margin  of  a  partly  assimi- 
lated block. 

Later  writers  all  agree  in  ascribing  an  igneous  origin  to  the  mineraliz- 
ing solutions.  The  principal  divergence  is  in  the  amount  of  influence 
ascribed  to  the  limestone.  Lindgren  and  Ross  believe  the  ore  to  be  defi- 
nitely localized  in  limestone.  Singewald  and  Miller  regard  the  ore  as  in, 
and  about  limestone.  Kemp  believes  that  some  of  the  deposits  are 
independent  of  limestone.  In  regard  to  this  feature  the  writer  agrees 
entirely  with  Kem*p.  The  conception  of  the  orebodies  as  metamorphosed, 
engulfed  limestone  masses  is  difficult.  The  shape  and  position  of  the  ore- 
masses  demand  that  the  entombed  blocks  should  have  been  comparatively 
thin,  and  that  they  should  have  come  to  rest  in  every  conceivable  position. 
This  theory  completely  fails  to  account  for  the  gradual  transition  from 
ore  to  diorite  shown  at  its  best  in  West  Five  Mine.  Such  a  deposit 
could  be  accoimted  for  only  on  the  basis  of  complete  assimilation  of  the 
limestone,  and  a  deposition  of  magnetite  about  the  locus  of  assimilation. 
Any  theory  that  places  the  burden  of  producing  the  orebodies  upon  the 
diorite,  is  open  to  one  great  objection.  It  demands  that  a  magma  of 
a^lmost  gabbroic  basicity  shall  have  produced  contact-metamorphic 
phenomena  of  the  most  intense  variety.  JCemp  recognized  this,  and 
ascribes  the  orebodies  in  limestone  to  the  granite,  and  the  orebodies  in 
the  diorite  to  solutions  from  ''some  Other"  intrusive.    But  Lindgren  and 
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Ross,  and  Singewald  and  Miller  regard  the  diorite  as  the  source  and  as 
the  cause  of  the  mineralization.  Another  objection  is  the  fact  that, 
under  that  theory,  the  diorite  must  have  exercised  a  strong  selective 
tendency.  Unaltered  marble  within  20  ft.  of  massive  ore,  and  separated 
from  the  ore  by  recognizable  diorite,  can  be  seen  at  West  Four.  Such  a 
case  is  not  rare,  it  is  a  common  feature.  In  one  of  the  old  cuts  above 
West  One  Mine  there  is  exposed  a  small  block  of  marble,  completely 
surroimded  by  diabase  containing  small  ore  masses.  But  the  marble 
is  entirely  unaffected.  Contact-metamorphic  phenomena  are  undoubt- 
edly capricious,  but  if  another  explanation  will  solve  the  problem  in 
such  a  way  as  to  show  that  the  capriciousness  is  more  apparent  than 
real,  it  must  at  least  be  considered. 

The  great  objection  to  ascribing  the  source  of  the  ores  to  the  granitic 
batholith  Ues  in  the  interpretation  of  the  aplitic  and  pegmatitic  dikes. 
Field  observation  clearly  establishes  the  direct  connection  between  these 
rock  types  and  the  granitic  massif.  If  these  most  acidic  facies  represent 
a  later  intrusion  into  the  ore,  the  ore  cannot  come  from  the  granite. 
Kemp  believes  they  are  later.    He  says:'* 

-whereas  the  granitic  and  quartz-porphyry  dikes  are,  in  two  cases  at  least, 


later  than  the  large  orebodies.'' 

Lindgren  and  Ross'*  agree  with  this. 

"The  dikes  of  igneous  rock*^  intruded  into  the  iron  ore  appear  to  be  somewhat 
different  from  the  diorite  and  are  either  granite  porphyry  or  aplite;  that  is,  comple- 
mentary dikes  of  a  later  generation." 

F.  Elockmann,  writing  on  contact-metamorphic  magnetite  deposits  in 
general,  puts  the  matter  even  more  strongly  :'• 

"Wiederholt  wird  angegeben,  dass  aplitische  G&nge  tmd  Granitapophysen  die 
Magnetitlager  stfitte  durchsetzen.  Gibt  es  denn  fdr  den  Unbefangenen  dafUr  noch 
andere  Deutung  als  die,  dass  der  Granit  in  eine  von  ihm  vorgefundene  Lagerst&tte  eine 
Apophysen  entsendet  hat?" 

As  a  general  proposition,  the  very  fact  that  aplitic  dikes  and  granite 
apophyses  are  repeatedly  reported  as  traversing  magnetite  deposits  is 
the  strongest  possible  argument  against  the  purely  fortuitous  intrusive 
nature  of  such  apophyses.  It  was  this  constant  relationship  observed 
in  the  field  study,  that  first  convinced  the  writer  that  there  must  be 
definite  connection  between  the  forming  of  the  orebodies  and  of  the 
granitic  apophyses. 

J.  H.  L.  Vogt  recognizes  a  connection  between  the  granite  and  its 
apophyses,  and  the  magnetite  deposits  of  Kristiania.    He  says:" 

»*  Op.  cU,,  p.  21. 

w  Op,  cU.,  p.  64. 

>*  F.  Klockmann:  tJber  Kontaktmetamorphe  Magnetitlagerst&tten.  ZeiUchrift 
fur  Praktische  Qeologie,  vol.  12,  p.  81  (1904). 

•^  J.  H.  L.  Vogt:  Problems  in  the  Geology  of  Ore  Deposits.  Traiw.,  vol.  31  p 
138(1901). 
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''A  study  of  the  Kristiania  contact-deposits  indicates  that  the  formation  of  the 
ores  preceded  the  solidification  of  the  granitic  magma.  Even  when  the  ores  occur 
in  slates  immediately  adjacent  to  the  granite,  or  in  the  small  Silurian  fragments 
completely  surrounded  by  granite,  they  are  never  found  also  in  the  granite  itself. 
This  is  to  be  simply  explained  by  the  supposition  that  from  the  still  liquid  magma  the 
ores  were  'blown  into'  the  adjoining  rigid  rocks.  — The  presence  in  these  deposits 
of  granitic  apophyses,  already  mentioned,  is  another  proof  that  they  were  formed 
before  the  solidification  of  the  granite." 

He  regards  the  occurrence  of  the  apophyses  with  the  ore  in  the  Kristiania 
district  as  proof  that  the  granitic  magma  had  not  yet  solidified. 

The  absence  of  ilmenite  in  the  Firmeza  occurrence  is  also  an  indication 
of  their  intimate  connection  with  the  granitic  magma.  Vogt  has  given 
some  very  complete  studies  of  the  relationship  between  the  different 


FiQ.  17. — Aplitic  Granite  Bordered  by  Magnetite  and  Epidote.  Tunnel 
AT  Elevation  op  299  Ft.  under  West  Five  Workings.  Magnetite  Caught  in 
Aplitb  =  M.    Actual  Size.     Aplite — ^white.     Magnetite — dark. 

magnetite  deposits  and  their  sources.    A  quotation  that  shows  some  of 
his  conclusions  follows:'* 

''Die  Erfahrung  ergiebt,  dass  bei  der  'oxydischen'  Erzaussondenmg  es  namentlich 
das  'Eisenoxyd-mineral' — bei  den  Gabbros  Titaneisen  oder  Titanomagnetit,  bei  den 
Peridotiten  Chromit — ^ist,  welches  concentrirt  wird.  Es  ist  somit  a  priori  anzunehmen, 
dass  etwaige  'oxydische'  Erzauascheidungen  in  den  Graniten  einen  &hnlichen  nie- 
drigen  TiOt-Gehalt  fUhren  mtissen  wie  die  in  dem  Granit  normal  ausgeschiedenen 
(wohl  namentlich  Magnetit  und  Eisenglanz,  untergeordnet  Titaneisen.)'' 

jThe  strongest  evidence  of  the  intimate  relation  between  the 
granitic  apophyses  and  the  mineralization  is  based  on  field  observation. 
Some  of  the  small  dikes  are  reproductions  in  miniature  of  the  larger 
occurrences.  Figs.  17,  18  and  19  are  photographs  of  two  of  these  small 
dikes. 

Fig.  17  is  of  a  specimen  from  the  ore  in  the  tunnel  under  West  Five 

»«  J.  H.  L.  Vogt:  Zur  Classification  der  Erzvorkommen.  Zeitschrift  far  Praktische 
Geologie,  vol.  2,  p.  3W  (October,  1894). 
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Mine.  This  is  as  deep-seated  an  ore  deposit  as  has  been  exposed,  and  is 
the  one  most  clearly  independent  of  limestone.  It  is  noticeable  how 
entirely  clear-cut  is  the  contact  between  aplite  and  magnetite  in  the 
lower  part  of  the  picture.  At  the  same  time  the  other  contact  is  less 
sharply  defined  and  clearly  shows  some  magnetite  trapped  in  the  aplite. 


FiQ.  18. — Photograph  op  Specimen  from  East  Mine,  Showing  Rim  op  Gar- 
nets Developed  between  Aplitic  Granite  (White)  and  Diabase  Porphyry 
(Dark).     Actual  Size. 

Fig.  18  is  a  photograph  and  Fig.  19  a  microphotograph  of  a  specimen 
from  the  East  Mine.  This  specimen  comes  from  the  area  of  diabasic 
rocks,  that  lies  between  the  ore  in  the  East  Mine  and  the  ore  in  the  pit 
above,  known  as  North  Mine.     The  specimen  shows  garnet,  merging 


Fig.  19. — Garnet  Band  between  Aplitic  Granite  (Lower  Right)  and  Diabase 
Porphyry  (Upper  Left).     From  East  Mine.     X  18. 

on  one  side  into  diabase  porphyry,  on  the  other  into  aplite.  The  writer 
can  see  only  one  explanation  for  this  specimen,  and  that  is  a  change  in 
the  mineralizing  solutions  from  intermixed  mineralizers  and  acidic  rock 
material  to  aplite. 

It  is  on  the  basis  of  such  occurrences,  and  for  the  reasons  given,  that 
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the  writer  believes:  that  the  aplite  and  ore  are  phenomena  produced  at 
approximately  the  same  time;  that  both  were  formed  from  a  mixture  of 
mineralizers  and  rock  material  derived  from  the  granitic  magma;  and 
that  the  iron  oxides,  Ume  and  the  major  part  of  the  silica,  held  in  aqueous 
solutions  above  the  critical  temperature,  diffused  into  the  wall  rock, 
leaving  the  residual  rock  material  in  the  fissures  as  aplitic  dikes. 

VII.  DETAILED  DESCRIPTION  OF  THE  ORE  DEPOSITS 

In  order  to  test  the  hypothesis  stated  above  in  regard  to  the  genesis 
of  the  ore  deposits,  it  must  be  applied  to  the  different  occurrences  of  ore 
in  the  district.  To  do  this,  a  detailed  description  of  the  more  carefully 
studied  mines  will  be  given,  and  the  mode  of  formation  of  the  orebodies 
discussed. 

OcANiA  Mine 

The  Ocania  is  the  most  westerly  of  the  Juragua  Iron  Co.'s  mines. 
It  lies  on  a  steep  hillside,  at  an  elevation  of  from  860  to  1,085  ft. 


Fig.  20. — Specimen  from  Ocania  Mine,  Level  2.  The  Dark  Material  is 
Garnet.  The  Light  Material  is  Wollastonite.  The  Structure  is  Attrib- 
uted TO  Diffusion.    Actual  Size. 

The  wall  rocks  are  coarse,  diabase  porphyry,  volcanic  agglomerates, 
and  marble.  The  contact  between  the  granitic  and  diabasic  rocks  lies 
on  the  south  slope  of  the  hill,  at  an  elevation  of  about  700  ft.  A  quartz- 
bearing,  andesitic  dike  is  found  in  the  mine  itself.  The  ore  forms  a  series 
of  lenses  that  strike  in  a  northwesterly  direction,  and  have  a  steeply 
inclined  dip  to  the  southwest.  These  lenses  are  made  up  almost  entirely 
of  hematite  and  quartz,  with  little  or  no  magnetite.  There  is  considerable 
pyrite  through  the  ore  in  various  places,  and,  at  the  edge  of  the  lime- 
stone, chalcopjrrite  and  manganese  oxide  are  found.  Some  fragments 
of  diabase,  with  native  copper  in  them,  were  observed  near  the  limestone. 
Between  the  ore  and  the  limestone  are  masses  of  garnet  rock.  Near  the 
bottom  of  the  orebody,  as  exposed  on  the  southeast  side  of  the  mine,  was 
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found  a  rock  (Fig.  20)  which  shows,  in  part,  alternating  layers  of  brown 
garnet,  and  a  greenish  mineral  which  the  microscope  shows  to  be  woUaa- 
tonite.  As  the  accompanying  microphotograph  (Fig.  21)  of  the  contact 
between  the  garnet  and  wollastonite  shows,  the  two  bands  have  an  inter- 
locking structure,  perpendicular  to  the  boimdary.  The  black  crystals 
in  the  wollastonite  band  are  magnetite.  The  garnet  does  not  show  crystal 
edges.  Toward  the  center  it  is  very  dusty,  with  undeterminable  inclu- 
sions. The  wollastonite  forms  an  aggregate  of  poorly  developed,  pris- 
matic crystals.  A  somewhat  similar  structure,  made  up  of  magnetite 
and  actinolite,  is  shown  in  a  specimen  from  the  Juragua  Mines  described 
by  W.  Lindgren.    He  says: 

"The  texture  of  this  specimen  strongly  suggests  diffusion  banding,  such  as  might 
form  in  a  material,  a  limestone  perhaps,  freely  penetrated  by  hot  iron-bearing  solution." 


Fia.  21. — Contact  between  Garnet  and  Wollastonite  in  Rock  Showinq 
Diffusion  Structure.  From  Ocania  Mine.  X  18.  Magnetite — ^black.  Gtumet 
—dark.    Wollastonite — grey.    Holes  in  thin  section — ^white. 

In  the  case  of  the  Ocania  specimen  the  solutions  were  probably  lime-bear- 
ing and  lower  in  iron.  Whether  the  original  rock  was  limestone  or  dia- 
base porphyry,  it  is  not  possible  to  tell.  It  is  true  of  this  mine  that  the 
mineralization  effects  have  spread  fm-ther  into  the  diabasic  rocks  than 
into  the  marble.  The  clean  white  marble  is  separated  from  the  ore  by 
only  a  few  feet  of  garnet  rock,  while  the  diabase  is  gametized,  near  the 
ore,  and  epidotized  for  tens  of  feet  from  the  ore.  The  ore  itsdf  is  so 
complete  an  alteration  of  whatever  wall  rock  it  replaces  that  there  is  no 
prima  facie  evidence  of  what  it  originally  was.  The  pyritization  is  later 
than  the  principal  period  of  ore  deposition,  the  pyrite  forming  in  frac- 
tm-es  and  cavities  in  the  ore.  The  chalcopyrite  accompanies  the  pyrite. 
Surface  action,  producing  partial  hydration  of  the  ore  and  consider- 
able infiltration  of  secondary  calcite,  obscures  the  evidence. 
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Northeast  of  the  mine  workings  is  the  largest  exposure  of  marble  found 
in  the  district.  It  is  cut  by  sills  of  an  entirely  epidotized,  basic,  igneous 
rock.  It  is  separated  from  the  orebodies  by  massive  garnet  rock,  or 
highly  garnetized  and  silicified  diabasic  rock.  The  map  (Fig.  22)  shows 
the  relation  of  orebodies  to  wall  rock.  The  commercial  ore  is  sharply 
bounded,  but  the  mineralization  is  not. 

The  striking  features  in  this  mine  are  the  absence  of  magnetite  and 
of  highly  acid  wall  rocks,  and  the  clear  evidence  that  the  diabasic  rocks 
are  more  diffusely  mineralized  than  the  marble.  At  the  same  time  the 
resemblance  of  the  blocks  of  ore  to  engulfed  limestone  blocks  or  to  roof 
pendants,  is  noticeable. 

If  the  Ocania  Mine  were  the  only  one  studied,  it  would  be  difficult  for 
the  writer  to  defend  his  hypothesis.    There  are  no  aplitic  or  pegmatitic 
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rocks  in  evidence.  Except  for  one  dike  of  doubtful  age,  no  quartz-bear- 
ing igneous  rock  is  exposed  in  the  mine.     There  is  abundant  limestone. 

There  are  also  some  features  that  are  not  explained  by  any  theory 
involving  the  diabase  as  the  ore-bringing  rock.  The  diffuse  mineraliza- 
tion of  the  diabasic  porphyry  indicates  a  hydrothermal  effect,  later  than 
the  consolidation  of  the  diabase.  It  is  difficult  to  ascribe  to  the  diabase 
porphyry  a  hematitizing  effect  on  included  limestone,  or  even  a  mag- 
netitization  free  of  chrome  or  titanium  minerals,  with  a  superimposed 
hematitization.  The  fact  that  the  larger  part  of  the  marble  has  suffered 
no  mineraUzation  is  also  unexplained  by  any  theory  that  makes  the  over- 
whelming of  the  limestone  by  the  diabase  the  cause  of  mineralization. 

On  the  other  hand,  if  the  solutions  are  supposed  to  come  from  the 
granite,  the  difficulties  of  explanation  are  not  so  great.  A  fissure  in  the 
diabase  near  the  limestone,  localized  the  ore  and  the  mineralization  in 
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both  formations.     The  distance  of  the  ore  exposed  from  the  parent  magma 
accounts  for  the  preponderance  of  hematite  over  magnetite. 

West  Five  Mine 

This  mine  is  the  furthest  west  of  the  mines  in  the  vicinity  of  Firmeza, 
and  lies  at  an  elevation  of  from  420  to  718  ft.  There  is  a  tunnel  under  the 
mine  at  a  level  of  299  ft. 

The  ore  lies  in  flat  or  in  steeply  inclined  lenses.  It  is  almost  entirely 
magnetite,  the  enclosing  wall  rock  diorite,  with  considerable,  more  or 
less  aplitic,  granite  through  and  near  the  ore.     The  diorite  varies  from 
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WEST  .'5"    MINE 
Fig.  23. 


the  even,  granular  type  shown  in  Fig.  8  to  a  porphyritic  type.     No 
fragmental  diabasic  rocks  occur,  nor  is  there  any  trace  of  limestone. 

The  rocks  from  the  aplitic  dike,  in  the  west  side  of  the  mine,  were 
described  under  the  granitic  rocks.  Th«  connection  between  aplite 
and  ore  is  shown  on  a  small  scale  in  the  photograph  (Fig.  17)  of  a  snriall 
dike  of  apUte  from  the  tunnel  under  the  mine.  The  magnetite  and  epi- 
dote  lying  immediately  next  to  the  aplite,  merge  gradually  into  the 
granular  diorite.  There  can  be  no  question  of  any  rocks  being  involved 
other  than  the  diorite  and  the  aplite.  Their  inter-relationship  has  been 
discussed  in  considering  the  question  of  genesis.  Considerable  garnet 
is  found  in  the  mine  workings,  and  its  occurrence  is  similar  to  the  mag- 
netite and  epidote.  In  one  small  exposure  the  position  of  the  garnet,  as 
a  contact  effect  in  the  diorite,  next  to  the  granite,  is  clearly  shown.     This 
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the  north  side  of  the  bottom  level.    The  epidotization  and  silicifica- 

tre  more  widely  diffused  from  the  granite  than  are  the  magnetite 

garnet.     One  specimen,  from  the  lowest  level,  showed  an  inter- 

h  of  apatite  with  magnetite,  and  garnet  and  epidote,  cut  by  later 

tts  of  epidote  (Fig.  14).     This  is  the  only  case  in  which  apatite 

nted  to  more  than  a  very  minor  accessory. 

1  the  south  side  of  the  mine  is  an  east-west  fault  steeply  inclined  to 

orth.     It  is  obviously  post-mineral,  and  appears  not  to  be  of  very 

throw. 

LBMning  up  the  evidence  from  this  mine  we  find:  no  limestone; 

aplitic  or  porphyritic  granite;  almost  no  specularite;  but  much 
Btite,  garnet,  epidote,  quartz — all  in  diorite. 

le  ore  deposits  of  this  mine  offer  the  clearest  evidence  that  lime- 
could  not  have  been  the  dominant  cause  determining  the  locus  of 
deposition.  There  is  no  limestone  in  the  immediate  vicinity.  The 
tion  from  ore  to  diorite  is  gradual.  The  mineralogy  shows  none  of 
ell-crystallized  calcite  that  is  so  abundant  in  the. ore  deposits  that 
obviously  formed  in  limestone, 
le  intimate  relation   between  ore  and  aplite  is  also  well  shown 

The  dike  exposed  in  the  west  side  of  the  workings  has  led  other 
^ers  to  believe  the  granitic  apophyses  later  than  the  ore,  but  as 
i  under  the  discussion  of  the  various  theories,  the  same  phenomena 
terpreted  by  the  writer  to  indicate  the  contemporaneous  formation 
t  ore  and  the  aplite. 

1  the  phenomena  can  be  explained  on  the  hypothesis  advanced, 
is  that  the  aplite,  the  magnetite,  and  the  lime  silicates  are  all  the 
of  the  one  mineralizing  period. 

LoMA  Alta  Mine 

le  Loma  Alta  workings  lie  at  the  top  of  a  hill,  just  east  of  West 
Vfine.  They  are  at  an  elevation  of  from  900  to  1,000  ft.  As  they 
been  practically  abandoned  for  some  time,  weathering  agencies 
obscured  much  of  the  evidence.  Cropping  out  on  the  east  side  and 
Dg  under  the  workings  at  a  flat  angle,  is  a  sheet-like  mass  of 
yritic,  pegmatitic  granite.  In  the  southwest  corner  of  the  workings 
>gnizable  diabase  porphyry.  What  is  left  of  the  ore  is  earthy  hema- 
ing  on  the  granite  with  some  kaolin  and  chlorite.  All  around  the 
dgS  on  the  hill  are  rounded  boulders  of  more  or  less  pure  magnetite, 
ssociation  of  the  granite,  diabase  and  ore  in  this  mine  is  suggestive, 
le  evidence  is  too  obscured  to  be  conclusive.  The  earthy  hematite 
ibtedly  owes  its  origin  to  the  weathering  of  the  primary,  crystal- 
on  oxides.  There  is  no  reason  to  believe  that  the  process  did  not 
e  the  formation  of  limonite  and  its  dehydration. 
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West  Three  Mine 

An  exposure  in  this  mine,  which  hes  on  the  same  hill,  south  of  and 
below  Loma  Alta  Mine,  is  worth  describing.  It  is  a  mass  of  magne- 
tite, in  diabase,  directly  next  to  a  vertical  pegmatitic  granite  dike.  The 
rocks  are  all  fairly  unaltered,  and  the  contact  relationship  well  shown. 
There  is  no  reason  to  suspect  that  any  limestone  was  involved. 

West  Four  Mine 

This  mine  is  located  northeast  of  Loma  Alta,  at  an  elevation  of  from 
645  to  935  ft.  At  the  north  end  of  the  mine,  in  the  upper  levels,  is  a  mass 
of  clear  white  marble,  entirely  unmineraUzed.  The  wall  rock  in  the  upper 
levels  is  diabase  porphyry;  in  the  lower  levels  it  is  diorite.  The  diabase 
and  diorite  are  both  cut  by  somewhat  porphyritic  and  pegmatitic  granite. 
The  ore  is  magnetite,  and  hematite  and  magnetite,  and  lies  in  lenses, 
whose  major  axes  vary  from  a  vertical  to  a  horizontal  position,  on  top 
of  and  next  to  the  granite.  These  lenses  occur  mostly  in  the  diorite, 
partly  in  the  diabase,  but  not,  so  far  as  exposed,  in  contact  with  the 
marble.  The  entire  series,  diabase,  diorite,  granite,  ore,  is  cut  by  a  large 
dioritic  dike.  The  mineralization  effects  are  no  different  from  those  in 
West  Five  Mine.  The  chief  difference  is  that  there  is. marble  exposed 
in  the  West  Four  workings.  So  far  as  can  be  determined  it  has  had  no 
direct  effect  on  the  formation  of  the  ore  deposits. 

West  One  Mine 

The  West  One  workings  are  located  north  of  Firmeza  along  the  rail- 
road tract.  Exposed  for  a  long  time  and  not  much  worked  of  late  years, 
they  offer  a  poor  field  for  study.  Altered  diabase  and  diorite,  highly 
mineralized,  are  the  wall  rocks.  Neither  limestones  nor  granite  are  in 
evidence.  From  one  of  the  cuts  that  is  being  worked,  come  the  well- 
developed  pyrite  crystals,  of  which  one  is  shown  in  Fig.  13.  This 
exposure  shows  the  pyrite  all  through  the  magnetite  in  cavities  and  along 
minute  fractures.  It  establishes  the  age  of  the  pyritization  as  definitely 
post-magnetitization. 

Fig.  24  is  a  photograph  of  a  drawing  made  with  a  camera  lucida, 
from  a  thin  section  of  a  rock  from  West  One  Mine.  The  specimen  is 
dark  and  dense,  and  shows  patches  of  magnetite.  In  thin  section  the 
rock  proves  to  be.  a  diabasic  porphyry,  partly  replaced  by  magnetite. 
The  replacement  is  apparently  independent  of  the  mineralogy  of  the 
replaced  rock.  The  magnetite  occurs  in  patches  in  the  groundmass,  or 
in  the  phenocrysts,  or  partly  in  each. 

West  One  Mine  offers  no  new  evidence  in  regard  to  the  genetic  problem. 
It  does  offer,  however,  an  excellent  field  for  the  study  of  the  pyritization . 
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East  Mine 

le  East  Mine  itself  lies  east  of  Firmeza;  at  an  elevation  of  from  440 
)  ft.,  but  it  cannot  be  considered  apart  from  the  small  cut  just  to 
3rth  at  about  800  ft.  elevation,  known  locally  as  the  North  Mine, 
le  large  orebodies  of  this  mine  are  made  up  of  specularite  and 
Btite,  with  much  epidote  quartz  and  garnet.  They  lie  in  the  lower 
of  the  mine  around  bosses  of  aplitic  granite,  in  diorite  and  diabase 
yry.  Fig.  18  is  a  photograph  and  Fig.  19  a  microphotograph 
lime-iron  garnet  rim  along  a  small  aplite  dike,  in  recognizable 
3e  porphyry.  It  shows  the  entire  ability  of  the  mineralizers  that 
ipanied  the  aplite  to  garnetize  the  diabase. 


.  24. — Photograph  of  a  Dbawinq  Made  with  a  Camera  Lucida,  from  a 
Section  of  a  Specimen  from  West  One  Mine.     It  Shows  a  Diabase  Por- 

Partlt  Replaced  bt  Magnetite  (Soud  Black).  The  Phenocrtst  is 
KH^ASE.  The  Lath-Shaped  Crystals  Are  Plagioclase.  The  Groxtnd- 
j  Geanulab  Magnetite  and  Chlorite. 

the  upper  half  of  the  drawing  the  interstitial  magnetite  has  been  left  out.) 

g.  26  is  a  microphotograph  of  a  thin  section  of  a  completely  epido- 
ind  silicified  diabase.  The  specimen  comes  from  within  2  ft.  to 
e  shown  in  Fig.  15.  The  two  show  successive  stages  in  the  hydro- 
al  metamorphism. 

the  upper  levels,  extending  toward  the  North  Mine  workings, 
veral  included  sheets  of  completely  marmorized  limestone.    The 

Mine  workings,  now  abandoned,  show  remnants  of  orebodies. 
►re  is  different  from  any  found  in  the  mines  so  far  described.  Well- 
>ped  rosettes  of  specularite  blades  in  garnet  quartz  matrix;  well- 
llized  epidote  in  abundance;  coarse  quartz;  much  recrystallized 
r,  in  short  all  the  components  are  found  of  a  typical  contact-meta- 
uc  deposit  in  limestone. 
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In  the  East  Mine^  as  in  the  others,  later  andesitic  and  dioritic  dikes 
are  in  evidence.  A  northwest-southeast  fault,  pitching  to  the  northeast, 
has  cut  the  ore  and  aplitic  granite  as  well  as  the  older  rocks.  It  has 
brought  the  most  basic  of  the  granitic  rocks,  the  quartz-bearing  diorite, 
in  contact  with  the  ore.  That  the  specimen  described  as  a  wall  rock  of 
the  East  Mine  by  J.  F.  Kemp''  came  from  this  mass  of  quartz-beariog 
diorite  seems  probable.  The  rock  in  which  the  ore  is  found  is  of  a  much 
finer  grain. 

In  the  East  Mine  itself  there  is  no  evidence  that  limestone  had  any 
share  in  forming  the  orebodies.  In  the  workings  known  as  the  North 
Mine,  limestone  is  without  doubt  the  host  rock  of  the  orebodies. 


The  ore  in  the  main  workings,  with  the  associated  granitic  rocks, 
was  formed  at  centers  of  intense  mineralization.  The  ore  deposits  of 
the  North  Mine  were  formed  at  a  greater  distance  from  the  centers  of 
mineralization.  The  aplite  dikes  in  the  terrane  between  the  two  are  the 
filling  of  the  fissures  through  which  the  solutions  traveled. 


Chicharron  (North  East)  Mine 

Located  about  ^4  mile  northeast  of  the  East  Mine  and  now  entirely 
idle,  are  the  workings  of  the  old  Chicharron  Mine.  This  mine  is  well 
north  of  the  zone  in  which  most  of  the  mines  lie,  and  in  some  respects 
differs  from  the  others. 


»  Op.  cU.,  p.  15. 


Digitized  by 


Google 


MAX  ROESLER 


1833 


The  face  of  the  mine  is  a  cliff  of  diabase,  over  which  the  water  of  the 
aevolencia  River  falls.     This  diabase  is  more  or  less  mineralized,  and 


.  26. — Diabase  Porphyry  Completely  Replaced  by  Epidote  and  Quartz. 
From  East  Mine.     X  18.    Quartz — flight.    Epidote— dark. 

laced  by  magnetite,  wollastonite,  and  epidote.    The  brook  bed  follows 

Qg  the  bottom  of  the  cliff,  and  with  an  overgrown  talus  pile,  separates 

cliff  from  a  mass  of  marble.    Cutting  the  marble  is  a  dike  of 


Fia.  27. — Ore  from  Chicharron  Mine.     X  18.     Magnetite — ^black. 
Wollastonite — white. 

petite,  with  interstitial  wollastonite  in  small  amounts  (Fig.  27). 
C.  Spencer  describes  this  occurrence  as  follows  :*° 

'At  this  place  the  magnetite  seems  to  be  an  intrusive  dike  cutting  across  a  mass 
rystalline  limestone  into  which  it  sends  a  short  apophysis." 


*•  Op.  cit.j  p.  80. 
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The  magnetite  probably  formed  a  dike,  instead  of  a  more  diffuse  fori 
deposit,  because  while  the  temperatm'e  was  high,  the  pressure  was  i 
As  a  result,  the  diffusive  power  of  the  mineralizers  was  not  great,  altho 
they  could  form  high-temperature  minerals. 

In  the  Chicharron  Mine,  also,  the  later  dikes  are  in  evidence. 

EsTANCiA  Mines 

To  the  east  of  East  Mine,  in  the  mineralized  zone,  lies  Estancia  I 
All  around  the  hill  at  from  700  to  800  ft.  elevation  lie  mine  workii 
The  ore  in  these  workings  is  either  magnetite  and  specularite  replai 
diabase,  or  it  is  the  hematite-gamet-calcite  combination  that  is  eloqi; 
of  contact-metamorphic  limestone,  though  no  limestone  is  left.  Aro 
most  of  the  hill,  and  all  of  the  south  side,  is  a  railroad  track  at  an  elevai 
of  about  500  to  550  ft.,  and  it  is  nearly  all  cut  in  a  porph3aitic  grai 
in  which  micropegmatite  predominates.  In  the  valley  north  of  Estai 
Hill  granite  is  exposed  along  the  trail.  The  dump  of  an  old  tunnel 
into  Estancia  Hill  for  600  ft.  at  an  elevation  of  695  ft.  is  granite,  anc 
W.  Gaumer,  the  Juragua  Iron  Co.'s  chief  engineer,  informed  the  wr 
that  all  the  tunnel  was  in  the  same  rock.  South  of  the  railroad  ti 
runs  the  lower  trail  to  Concordia,  and  it  is  all  in  diorite,  or  coarse  diab 
which  has  been  mapped  as  diorite. 

All  this  evidence  seems  to  indicate  that  a  sheet  of  porphyriticgrai 
intruded  into  diabasic  rock  with  included  marble,  to  form  a  sill.  ' 
orebodies  at  the  upper  contact  of  the  granite  formed  in  that  rock  to  wl 
the  mineralizers  had  access. 

Concordia  Mine 

This,  the  most  easterly  of  the  Juragua  Iron  Co.'s  mines,  offers  no  : 
evidence.  It  is  the  lowest  of  the  mines,  being  at  an  elevation  of  from 
to  450  ft.  The  rock  and  ore  association  is  magnetite  in  diorite  ^ 
granite  near  by. 

The  ore  deposits  are  lenticular,  and  as  a  rule  lie  in  an  almost  horizo 
position.     No  limestone  is  in  evidence. 

VIII.  GEOLOGIC  HISTORY 

The  evidence  from  which  the  geologic  history  of  the  Firmeza  disi 
must  be  deduced  is  scanty.  Almost  all  the  field  work  was  done  in 
immediate  vicinity  of  the  mines,  and  little  search  was  made  in  the 
rounding  country  for  evidence  which  might  give  completeness  to 
geologic  history.  Enough  material  was  foimd  to  make  possibl 
sequential  arrangement  of  the  geologic  events  that  produced  the  pre 
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topographic^  petrologic,  and  mineralogic  features  of  the  district.  These 
geologic  events  will  be  discussed  in  the  order  of  their  occurrence,  as 
follows: 

1.  Sedimentation. 

2.  Igneous  cycle  (including  ore  deposition). 

3.  Uplift  with  tilting  and  erosion. 

4.  Deposition  of  coral  limestone. 

5.  Emergence. 

6.  Submergence. 

Sedimentation 

The  formation  which  appears  to  be  the  oldest  in  the  district  is  the 
marble.  As  has  been  shown  in  the  discussion  of  the  rocks,  this  marble 
is  Mesozoic,  and  probably  Cretaceous  in  age.  The  constituents  of  the 
floor  upon  which  the  Umestones  now  represented  by  marble  were  depos- 
ited, cannot  be  determined;  nor  is  it  possible  to  estimate  the  thickness  of 
these  early  sediments,  because  of  the  lack  of  any  continuous  section.  The 
limestone  found  at  the  highest  elevation  is  a  tuflf-limestone.  Because  of 
its  position  it  may  be  considered  as  the  youngest  of  these  early  sediments, 
and  because  of  the  volcanic  fragments  embedded  in  it  at  the  time  of  its 
deposition,  it  may  be  considered  as  representing  the  connecting  link 
between  the  peribd  of  sedimentation,  and  the  initiation  of  the  igneous 
cycle. 

Igneous  Cycle 

The  igneous  cycle  began  with  a  period  of  volcanic  activity,  to  which 
the  clastic  igneous  rocks  of  basic  nature  bear  witness.  These  volcanic 
rocks  form  the  southern  slopes  of  the  Sierra  Maestra  range,  and  the  tops 
of  some  of  the  foothills.  They  contain  remnants  of  interbedded  lime- 
stones, and  must  have  formed  contemporaneously  with  the  latter  part  of 
the  period  of  sedimentation. 

The  next  event  was  the  invasion  of  these  volcanic  rocks  and  sedi- 
ments by  a  magma  of  basic  composition.  Of  this  "parent"  magma  the 
present  representatives  are  the  diabasic  and  dioritic  rocks.  These  rocks 
were  left  in  their  present  position  partly  by  the  chilUng  of  the  magma, 
and  to  a  lesser  degree,  by  intrusion  into  the  sediments  and  volcanic  rocks. 

The  invasion  of  basic  magma  was  followed  by  a  long  period  pf  differ- 
entiation. During  this  period  the  Uquid  residue  in  the  magma  chamber 
became  more  acidic,  and  charged  with  mineralizers.  This  acidic  Uquid, 
with  its  burden  of  mineralizers,  invaded  the  earlier,  chilled,  basic,  igneous 
rocks  in  the  form  of  a  granitic  batholith. 

Further  differentiation,  resulting  in  a  concentration  of  the  mineral- 
izers, ended  in  the  injection  of  the  mineralizers,  with  admixed  rock 
material,  into  cooling  cracks  in  the  basic  rocks  above  the  batholith. 
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There  followed  a  separation  of  the  highly  heated  mineralizers  from  i 
admixed  rock  material,  which  resulted  in  the  formation  of  the  ore  dep< 
and  the  aplitic  and  pegmatitic  apophyses. 

It  is  uncertain  to  what  part  of  the  igneous  cycle  the  marmoriza 
of  the  limestone  should  be  ascribed,  because  all  the  marble  exposures 
near  or  in  igneous  intrusive  rocks,  which  range  from  diabase  to  grai 
Any  one  of  these  may  have  been  competent  to  produce  the  marmoi 
tion.  It  seems  probable,  however,  that  because  it  was  the  earliest, 
invasion  of  the  diabasic  magma  is  responsible  for  the  greater  part  of 
marmorization. 

What  events  were  taking  place  at  the  surface  during  the  igneous  c 
is  a  question  to  which  no  answer  has  been  found.     The  formation  of  c 
ing  cracks,  however,  in  the  basic  igneous  rocks,  seems  to  indicate 
^  they  were  not  very  far  from  the  surface  at  the  time  of  ore  deposition. 

The  last  episode  in  the  igneous  cycle  was  the  intrusion  of  basic  d 
into  fissures  formed  in  all  the  igneous  rocks  and  their  associated 
deposits. 

Uplift,  Tilting,  and  Erosion 

Because  of  the  almost  complete  marmorization  of  the  older  limestc 
their  bedding  is  difficult  to  determine.      But  the  pitch  of  the  extrui 
and  the  few  visible  remnants  of  stratification  in  the  marble,  indica 
definite  dip  to  the  southeast.     Evidence  of  uplift  is  found  in  the  fact 
limestone  occurs  at  elevations  up  to  1,400  ft.  above  sea  level. 

As  has  been  shown  in  the  discussion  of  the  areal  geology,  there  i 
conclusive  evidence  as  to  the  exact  time  relation  between  the  igni 
cycle  and  the  period  of  upUft  and  tilting,  but  because  pressure  is 
certain  extent  a  function  of  depth,  it  seems  probable  that  the  ore  dep 
were  all  formed  in  an  approximately  horizontal  plane.  Their  pre 
position  along  an  inclined  plane  would,  in  that  case,  be  some  mea 
of  the  differential  elevation.  Meager  and  inconclusive  as  the  evidenc 
it  must  be  considered,  and  until  evidence  to  the  contrary  is  found, 
uplift  and  tilting  should  be  regarded  as  later  than  the  igneous  activit 

The  coral  limestones  themselves  show  no  evidence  of  tilting  and 
fact  places  the  tilting  as  older  than  the  coral  limestones — that  is 
Pleistocene.     Emergence  has,  however,  continued. 

Fraginents  of  iron  ore  in  the  base  of  the  later  coastal  limestones  p 
that  this  period  of  uplift  was  accompanied  by  erosion  sufficient  to 
into  the  ore  deposits. 

So  far  as  the  ore  belt  is  concerned,  the  later  record  is  one  of  contii 
erosion.     Whatever  else  may  have  happened  to  that  part  of  the  dist 
no  record  remains  except  one  of  superficial  alteration  and  erosion, 
coral  limestones  and  the  valley  topography  show  that  dynamic  fo 
were  not  entirely  quiescent. 
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Deposition  op  Coral  Limestone 

The  deposition  of  the  Pleistocene-Recent  coral  limestone  began  when 
the  land  was  about  350  ft.  lower  than  at  present.  Since  then  there  has 
been  oscillation  with  predominant  emergence. 

Emergence 

The  sea^ut  cliffs  in  coral  limestone,  rising  in  terraces  from  the  coast 
to  an  elevation  of  350  ft.,  are  evidence  of  the  periodic  emergence  of  the 
land  since  deposition  of  the  limestone  began.  What  the  extent  of  the 
emergence  was  cannot  be  determined  on  the  evidence  in  the  district, 
because  it  has  been  masked  by  the  most  recent  geologic  event — 
submergence. 

Submergence 

A.  C.  Spencer,^  ^  judging  from  other  parts  of  the  island,  places  the 
amount  of  the  submergence  at  from  40  to  70  ft.  If  the  thickness  of  the 
fluviatile  deposits  in  the  east-west  valley  could  be  determined,  it  would 
give  an  accurate  measure  of  the  amount  of  submergence  in  this  district. 

For  reasons  that  have  been  discussed  in  detail  under  the  interpretation 
of  the  topography,  the  writer  believes  that  this  submergence  represents  a 
movement  of  the  sea. 

The  geologic  history  of  this  district  is  a  record  of  quiet  activity.     There 

is  no  regional  metamorphism  or  profound  fracturing,  such  as  would  be 

expected  if  vast  diastrophic  movements  had  taken  place.     The  only 

metamorphism  that  has  left  a  record  was  due  either  to  igneous  or  to 

sui>erficial  causes.    The  only  fracturing  recorded  is  the  result  of  the 

shrinkage  of  igneous  rocks  in  cooling,  and  gives  evidence  of  little  or  no 

local  movement.     Igneous  forces,  acting  through  long  periods  of  time, 

dominated  the  rock  formations.     Slow  uplift,  alternating  with  periods 

of  almost  complete  quiet,  and  accompanied  by  much  erosion,  formed  the 

topographic  features. 

IX.  ECONOMIC  APPLICATION 

Any. geological  investigation  of  more  than  a  purely  academic  interest 
must  answer  some  questions  of  a  commercial  nature.  The  present  study 
of  the  ore  deposits  of  the  Firmeza  district,  by  its  inquiry  into  their  origin 
and  extent,  is  able  to  answer  certain  questions  which  are  of  economic 
interest.  These  questions  refer  to  the  continuation  of  the  deposits  in 
depth,  a  possible  change  in  their  composition  if  they  do  extend  downward, 
and  the  favorable  locus  for  the  search  for  more  ore. 


"  Op.  cU.,  p.  34. 
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CONTINITATION  O^  THE   OrEBODIBS  IS  DePTH 

Since  the  mineralization  came  from  below,  from  the  granitic  massif, 
there  is  no  reason  to  believe  that  the  ore  will  not  extend  at  least  to  the 
granite.  On  the  other  hand,  there  is  no  reason  to  believe  that  the 
separation  of  the  mineralizers  from  the  granite  was  incomplete,  8o 
that  no  ore  can  be  looked  for  in  the  granite.  Where  the  ore  lies  on  top 
of  sheet-like  granitic  masses,  like  the  Estancia  and  Loma  Alta  deposits, 
a  definite  limit  in  depth  is  in  sight,  but  in  workings  where  the  massive 
granite  is  not  in  evidence,  extensive  development  in  depth  seems  probable. 

Chabacteb  of  the  Ore  in  Depth 

The  pyritization  in  the  ores  at  Firmeza  has  made  the  owners  of  the 
ore  deposits  fear  that  the  ores  would  change  to  pyrite  in  depth.  How- 
ever, the  pyritization  is  later  and  independent  of  depth.  There  is  no 
reason  to  believe  that  the  ores  found  at  greater  depth  will  be  any  higher  in 
sulphur  than  those  now  being  mined  in  the  lower  levels  of  the  larger 
mines.  The  lower  sulphur  content  of  the  ores  close  to  the  surface  is  due 
to  superficial  oxidation  of  the  pyrite.  Below  the  level  of  surface  oxida- 
tion the  sulphur  content  may  be  expected  to  remain  fairly  constant. 

The  only  change  that  seems  probable  is  an  increase  in  the  proportion 
of  magnetite  to  hematite,  as  the  workings  approach  the  deeper  centers  of 
mineraUzation. 

Favorable  Locus  for  Exploration  Work 

The  problem  of  exploration  work  may  be  considered  in  two  ways — 
positively  and  negatively.  Both  are  of  fundamental  importance, 
although  frequently  the  question  of  where  to  look  for  more  ore  is  con- 
sidered, while  the  equally  important  question  of  where  not  to  look  for 
ore  is  neglected.  It  is  just  as  necessary  to  discover  in  which  localities 
the  search  for  ore  will  be  fruitless  and  therefore  any  exploration  work 
would  be  valueless,  as  it  is  to  know  where  the  search  for  ore  will  be 
profitable. 

Obviously,  rocks  formed  later  than  the  ore,  like  the  coastal  limeBtone, 
cannot  be  expected  to  contain  ore  deposits.  The  granitic  massif,  from 
which  the  ore  solutions  are  thought  to  have  escaped,  is  also  to  be  regarded 
as  barren  ground. 

.  On  the  other  hand,  the  granitic  apophyses,  aplites  and  pegmatitic 
granite  are  the  best  guides  as  to  the  location  of  orebodies.  It  is  their 
upper  surface  which  merits  the  most  careful  search. 

Since  the  orebodies  contain  much  magnetite,  the  magnetic  survey 
is  undoubtedly  the  best  guide  to  their  location.    But  a  careful  study  of 
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formations  is  necessary  to  interpret  such  a  survey,  and  to  decide 
b  areas  of  magnetic  attraction  are  most  valuable;  and  also  what  areas, 
>ite  of  a  lack  of  this  attraction,  offer  fields  for  development, 
rhe  economic  application  of  geologic  evidence  will  be  successful  only 
le  interpretation  of  the  geologic  phenomena  is  correct.  At  the  same 
I  the  ultimate  test  of  any  geologic  theory  is  its  application  in  the 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  BNQINEBR8 
[btxbjbct  to  BBVIBlOyl 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ■hoold  praferably  be  prMented  in  penon  at  the 
New  York  meeting  FBbmary.  1017,  when  en  abetraet  of  the  paper  will  be  read.  If  this  m  impoaaible, 
then  disenadon  in  writins  may  be  sent  to  the  Editor,  Amerioan  Institute  of  Mining  Engineers,  20  West 
90th  Street.  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  speetal  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1017.  Any  discussion 
offered  timeafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Effect  of  Sulphur  on  Low-Carbon  Steel 

BT  CARLE  R.  HATWARD,*  S.  B.,   CAMBBIDGB,  MASS. 
(New  York  Meeting,  February,  1017) 

Sulphur  has  long  been  one  of  the  banes  of  the  steel  manufacturer  and 
often  no  effort  and  expense  have  been  spared  in  order  to  reduce  it  to  a 
small  per  cent,  in  the  finished  product.     This  condition  is  due  to  a  general 
conviction  that  in  many  cases  where  steels  have  failed  in  service,  sulphur 
has  been  the  cause.     But  there  has  been  a  growing  feeUng  in  recent  years 
that  the  verdict  against  sulphur  has  been  unnecessarily  severe.     In  cases 
of  segregation  it  was  present  in  augmented  amounts  along  with  other 
impurities,  but  it  had  not  caused  the  segregation.     High  sulphur  in 
pig  iron  is  caused  by  poor  furnace  conditions  and  the  sulphur  is  merely 
one  indication  of  an  iron  that  has  not  been  properly  reduced.     No  amount 
of  subsequent  treatment  under  oxidizing  conditions  in  the  open-hearth 
furnace  can  remedy  the  defects,  although  the  per  cent,  of  sulphur  may  be 
considerably  reduced.     In  other  words,  the  causes  of  bad  steel  can  fre- 
quently be  traced  back  to  bad  pig  iron,  and  sulphur  is  merely  one  indica- 
tion that  the  pig  iron  is  bad.     The  writer  recently  visited  a  steel  plant 
where  a  mass  of  evidence  had  been  accumulated  which  substantiated  this 
fact^  and  the  superintendent  was  emphatic  in  stating  that  high  sulphur 
was  not  harmful  provided  the  steel  was  not  otherwise  poor  due  to 
insufficient  reduction  in  the  blast  furnace. 

The  presence  of  a  moderate  amoimt  of  sulphur  is  desirable  from  the 
standpoint  of  the  man  who  machines  the  steel.  The  low-sulphur  material 
drags  and  the  production  of  a  smooth  surface  is  very  difficult.  A  slight 
increase  in  sulphur  enables  the  machinist  to  produce  a  smooth  surface 
without  difficulty. 

Since,  therefore,  such  large  quantities  of  steel  are  subjected  to  machin- 
ing, it  becomes  highly  important  that  the  sulphur  controversy  should  be 
settled,  and  if  its  presence  is  proved  to  be  harmless  the  ban  on  it  should 
be  lifted. 

Among  the  recent  papers  on  the  effect  of  sulphur  on  steel  is  one  by 
I>r.  J.  S.  Unger,  Manager  of  the  Central  Research  Bureau,  Carnegie  Steel 

^Assistant  Professor  of  Mining  Engineering  and  Metallurgy,  Massachusetts 
Institute  of  Technology. 
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Co.^  The  results  of  an  exhaustive  series  of  tests  are  given  and  the  con- 
clusion states:  "The  author  does  not  advocate  paying  no  attention  what- 
ever to  sulphur  content  in  steel  but  believes  firmly  that  a  steel  containing 
less  than  0.100  per  cent,  is  not  necessarily  bad,  and  that  it  will  show 
little,  if  any,  diflFerence  in  quality  when  compared  with  the  same  steel 
of  much  lower  sulphur,  other  conditions  being  the  same." 

The  present  investigation  was  undertaken  at  the  suggestion  of  A. 
H.  Annan  of  the  Rhode  Island  Tool  C!o.,  who  cooperated  by  fiu-nishing  the 
steel  and  machining  the  specimens.  The  results  are  presented  as  a  con- 
tribution to  the  general  knowledge  on  the  subject. 

Steels  Used 

It  was  planned  to  use  three  steels  of  different  sulphmr  content  but  with 
the  other  elements  the  same.  The  manganese  was  an  exception,  how- 
ever, for  with  this  element  part  is  in  the  form  of  MnS  existing  free  in  the 
steel  and  the  remainder  is  dissolved  in  the  steel.  It  is  evident,  there- 
fore, that  the  manganese  should  vary  but  that  the  amoimt  in  excess  of 
MnS  should  be  constant  in  the  different  steels. 

The  steels  finally  selected  were  in  the  form  of  ^-in.  round  bars. 
Two  bars  of  each  grade  were  required  to  furnish  sufficient  specimens. 
The  analyses  are  shown  in  Table  1. 


Table  1 

nA^^h-                Carbon, 
***'*^               Per  Cent. 

Total 
Manganese, 
Per  Cent. 

Excess 
Manganese. 
Per  Cent. 

Phosphorus, 
Per  Cent. 

SiUcon,  Per 
Cent. 

Sulphur.  Per 

1 

lA 

2 

2A 

3 

3A 

0.18 
0.18 
0.17 
0.18 
0.18 
0.17 

0.55 
0.57 
0.67 
0.70 
0.80 
0.80 

0.48 
0.50 

0.52 
0.55 
0.54 
0.55 

0.007 
0.009 
0.008 
0.010 
0.006 
0.011 

0.01 
0.02 
0.01 
0.03 
0.02 
0.03 

0.038 
0.041 
0.086 
0.087 
0.152 
0.148 

Heal  Treatment 

In  order  to  make  a  comparison  of  the  steels  under  different  condi- 
tions it  was  decided  to  heat  all  the  specimens  to  a  temperature  just  above 
the  critical  range,  quench  in  water,  and  reheat  different  lots  to  300®, 
400°,  500°  and  600°C.  respectively.  For  this  purpose  the  bars  were  cut 
into  7-in.  lengths,  which  was  sufficient  for  tensile  specimens  and  specimens 
for  microscopic  examination. 

The  furnace  used  is  shown  in  Fig.  1.    The  muffle  is  made  of  alundum 

^Iron  Age,  No.  97,  pp.  146-150  (1916). 
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is  2  in.  high,  9  in.  wide  and  16  in.  long.     It  is  wound  with  No.  15 
silo  resistance  wire. 

In  order  to  obtain  uniform  heating  of  the  specimens,  they  were  sup- 
ted  on  an  asbestos  rack,  as  shown.  Asbestos  shields  were  placed  on 
sides  and  ends  of  the  rack  so  that  the  specimens  were  practically  in 
Luffle  within  a  muffle. 

A  platinum  platinum-rhodium  thermocouple  was  introduced  through 
back  of  the  muffle  into  the  center  of  the  heating  chamber  and  con- 
ted  to  a  Siemens  and  Halske  recording  galvanometer. 


-  Leuda 


Gatvunkedl  Iron 


-sy-- 


CrosB  Batched  Pgrtlons 

Spoclmona  are  Asbeatot 
Board 


SECTJOW  OM  at 

Fig.  1. — Hbat-Tbeatment  Fubnacb. 

The  procedure  in  heat  treatment  was  as  follows:  The  furnace  was 
ted  to  880®  C.  and  nine  specimens  introduced.  This  caused  the  tem- 
stture  to  fall  to  550®  C.  and  it  took  about  40  min.  to  again  reach  880°. 
en  the  latter  temperatiure  was  reached  it  was  maintained  constant 
15  min.,  after  which  the  specimens,  except  as  noted  below,  were 
nched  in  water  and  a  new  lot  introduced  into  the  furnace.  This 
'i  continued  until  all  but  18  of  the  specimens  had  been  treated.  Nine 
hese,  consisting  of  three  high-,  three  medium-  and  three  low-sulphur 
is,  were  removed  from  the  furnace  and  allowed  to  cool  in  air.    The 
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a.— Hich-»ulphur  8toel.  &.— Low-Sulphur  SteeL 

Quenched  in  Ice  Water. 


•.—High-Sulphur  SteeL 


Cooled  in  Furnace. 
Plats  I. 
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a. — Hich-Siilphur  Steel.  b, — ^Low-tiulphur  Steel. 

Reheated  to  300^ 


e.— High-Sulphur  Steel.  d.— Low-Sulphur  Steel. 

Reheated  to  600^ 
Plate  II. 
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Table  2 


No.       Mark 

1  lA 

2  lA 

3  lA 
Average , 

4  2A 

5  2A 

6  2A 
Average 

7  3A 

8  3A 

9  SA 
Average 

10  lA 

11  lA 

12  lA 
Average 

13  2A 

14  2A 

15  2A 
Average: . . . . , 

Id        3A 

17  3A 

18  3A 
Average 

19  lA 

20  lA 

21  lA 
Average 

22  2A 

23  2A 

24  2A 
Average 

25  3A 

26  3A 

27  3A 
Average 

301  1 

302  1 

303  1 
Average 

304  2 

305  2 

306  2 
Average 

307  3 

308  3 

309  3 
Average , 

401  1 

402  1 

403  1 
Average 

404  2 

405  2 

406  2 
Average 

407  3 

408  3 
400      3 

Average 

501  1 

502  1 

503  1 
Average 

504  2 

505  2 

506  2 
Average , 

607       3 

508  3 

509  8 
Average 

601  1 

602  1 

603  1 
Average , 

604  2A 

605  2A 

606  2A 
Average , 

607  3 

608  3 

609  3 
Average. 


Heated  to  880°  C.  and  quenched  in  ioe  water. 
Heated  to  880°  C.  and  quenched  in  ioe  water. 
Heated  to  880°  C.  and  quenched  in  ioe  water. 


Heated  to  880°  C.  and  quenched  in  ice  water. 
Heated  to  880°  C.  and  quenched  in  ice  water. 
Heated  to  880°  C.  and  quenched  in  ioe  water. 


Heated  to  880°  C.  and  quenched  in  ioe  water. 
Heated  to  880°  C.  and  quenched  in  ioe  water. 
Heated  to  880°  C.-  and  quenched  in  ice  water. 


Heated  to  880°  and  cooled  in  still  air. 
Heated  to  880°  and  cooled  in  still  air. 
Heated  to  880°  and  oooled  in  still  air. 


Heated  to  880°  and  oooled  in  still  air. 
Heated  to  880°  and  cooled  in  still  air. 
Heated  to  880°  and  oooled  in  still  air. 


Heated  to  880°  and  cooled  in  still  air. 
Heated  to  880°  and  oooled  in  still  air. 
Heated  to  880°  and  cooled  in  still  air. 


Heated  to  880°  and  cooled  in  furnace. 
Heated  to  880°  and  cooled  in  furnace. 
Heated  to  880°  and  oooled  in  furnace. 


Heated  to  880°  and  cooled  in  furnace. 
Heated  to  880°  and  cooled  in  furnace. 
Heated  to  880°  and  cooled  in  furnace. 


Heated  to  880°  and  cooled  in  furnace. 
Heated  to  880°  and  oooled  in  furnace. 
Heated  to  880°  and  cooled  in  furnace. 


Quenched  at  880°.  Reheated  to  300°.. 
Juenohed  at  880°.  Reheated  to  300°. . 
ijuenched  at  880°.     Reheated  to  300°. . 


Quenched  at  880°. 
Juenched  at  880°. 
Quenched  at  880°. 


Reheated  to  300°.. 
Reheated  to  300°.. 
Reheated  to  300°.. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  300°.. 
Reheated  to  300°.. 
Reheated  to  300°.. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  400°.. 
Reheated  to  400°.. 
Reheated  to  400°.. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  400°.. 
Reheated  to  400°.. 
Reheated  to  400°.. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  400°.. 
Reheated  to  400°.. 
Reheated  to  400°.. 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  500°.. 
Reheated  to  500°.. 
Reheated  to  500°.. 


i^uenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  500°.. 
Reheated  to  500°.. 
Reheated  to  500°.. 


Quenched  at  880°. 
Juenched  at  880°. 
Quenched  at  880°. 


Reheated  to  500°., 
Reheated  to  500°.. 
Reheated  to  500°.. 


Duenohed  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  600°.. 
Reheated  to6G0°.. 
Reheated  to  600°. . 


Quenched  at  880°. 
Quenched  at  880°. 
Quenched  at  880°. 


Reheated  to  600°.. 
Reheated  to  600°.. 
Reheated  to  600°.. 


I  Quenched  at  880°. 

I  Quenched  at  880°. 

Quenched  at  880°. 


Reheated  to  600°. . 
Reheated  to  600°.. 
Reheated  to  600°. 


Yield 
Point,  Lb. 
per  Sq.  In. 


Breaking 
Load.  Lb. 
per  8q.  In. 


I 


I 


58.500 

58.000 

67.250 

57,900 

53.000 

56,250 

51,500 

53,600 

56,500 

79,250* 

57.300 

56.90D 

41,000 

46,750 

41,750 

43,150 

45,750 

46.250 

39,750° 

46.000 

40,000 

41.500 

46.250 

42,600 

38,000 

37,750 

33,760 

36,500 

37,000 

38,750 

34,500 

36.750 

37.500 

35.500 

32.250 

35,080 

53,750 

58.000 

56.000 

55.900 

57,500 

61.250 

59.750 

59.500 

57.000 

56.600 

69.000 

57,500 

63,750 

68.500 

68.750 

60.300 

62,750 

63.750 

61.250 

62,600 

64.000 

62.000 

61.250 

62.400 

55.250 

58.250 

57.500 

57.000 

60,750 

61,250 

57,000 

59,650 

61.500 

60.500 

60.750 

60.900 

53.500 

51.000 

62,000 

52,150 

54.600 

52,500 

53.750 

53.550 

55,000 

55.000 

55,500 

56.150 


86.250 
85.250 
85.500 
85.600 
79.750 
77.000 
76.250 
77,700 
84.250 
89.250 
84,600 
86.000 
58.500 
68.500 
58.250 
58.400 
58.000 
58.000 
58.000 
58,000 
59,500 
59,600 
J{9,250 
59.400 
52.600 
62.750 
52.600 
52,600 
53.000 
53.000 
53.000 
53.000 
56.000 
55,000 
55.000 
56.000 
76.000 
76.000 
76.000 
76,700 
73.260 
78,000 
73,760 
76,000 
80,250 
83,000 
86.000 
82.760 
76.500 
76.000 
76.450 
76,300 
75.000 
80.000 
74.750 
76.600 
84.000 
82.750 
83,750 
83.160 
70.760 
73,250 
74,000 
72,650 
73.250 
74,000 
72,500 
73.250 
78.750 
77.600 
77,750 
78.000 
69.250 
67,750 
09.500 
68.860 
70.500 
72.000 
70,760 
71,100 
74.260 
73,750 
76.750 
74,600 


Elonga^  I  Reduc- 
tion, Per    tion  of 
Cent,  in  2  Area.  Per 
In.       I  Cent. 


23.0 
23.5 
23.5 
23.3 
26.0 
29.5 
27.5 
27.7 
22.0 
22.5 
22.0 
22.2 
41.0 
41.5 
41.5 
41.3 
41.0 
40.5 
41.5 
41.3 
38.0 
39.6 
39.5 
39.0 
40.5 
40.5 
40.0 
40.3 
40.0 
40.0 
41.0 
40.3 
37.5 
38.5 
38.0 
38.0 
26.6 
26.0 
28.0 
26.5 
28.5 
26.5 
26.0 
26.7 
23.5 
21.5 
10.5 
21.5 
28.5 
29.5 
28.6 
28.8 
26.5 
24.0 
28.6 
26.3 
21.5 
21.6 
24.0 
22.3 
33.5 
31.6 
81.0 
32.0 
29.0 
32.0 
26.0 
29.0 
26.0 
26.0 
26.0 
26.0 
36.0 
86.0 
32.5 
84.2 
35.5 
32.5 
31.0 
88.0 
Sl.O 
80.5 
30.0 
30.5 


*  Results  abnormal.     Not  included  in  average. 
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remaining  nine,  consisting  of  three  of  each  sulphur  content,  were  allowed 
to  cool  in  the  furnace. 

In  drawing  the  quenched  specimens  at  the  various  temperatures,  the 
procedure  was  as  foDows:  The  furnace  was  heated  to  600°  C.  and  nine 
specimens  (three  of  each  sulphmr  content)  were  introduced.  The  tempera- 
ture fell  and  it  required  about  30  min.  to  come  back  to  600°.  It  was  main- 
tained here  for  10  min.  and  then  the  specimens  were  withdrawn  and 
quenched  in  water.  The  furnace  was  cooled  to  500°  C.  and  another  set 
of  nine  specimens  was  introduced.  When  the  temperature  had  regained 
500°  it  was  maintained  constant  for  10  min.  and  then  the  specimens  were 
withdrawn  and  quenched.  Following  a  similar  procedure,  sets  of  nine 
specimens  were  treated  at  400°  and  300°  C.  respectively. 

Tensile  Testa 

After  sawing  ojff  ^  in.  from  each  piece  for  microscopic  examination, 
standard  test  specimens  were  prepared  with  2-in.  gage  length,  0.505-in. 
diameter  and  threaded  ends.  These  were  pulled  in  an  Olsen  machine 
in  the  testing  laboratory  of  the  Massachusetts  Institute  of  Technology. 

The  results  obtained  are  given  in  Table  2. 

For  more  ready  comparison,  the  averages  are  retabulated  in  Table  3. 
The  designations  L,  M  and  H  refer  to  low,  medium  and  high  sulphur 
content. 

Table  3 


Yield 
Point, 
Lb.  per 
Sq.  fn. 

Breaking 

Load.  Lb. 

per  Sq. 

In. 

Elongation. 
Per  Cent, 
in  2  In. 

Reduction 
of  Area, 
Per  Cent. 

L    Heated  to  860^  C.  and  quenched  in  ioe  water 

M  Heated  to  860°  C.  and  quenched  in  ice  water 

H   Heated  to  860°  C.  and  quenched  in  ioe  water 

57.900 
53.600 
56.900 

85.600 
77.700 
86.000 

23.5 
27.7 
22.0 

63.1 
70.0 
60.7 

L     Heated  to  860°  C.  and  cooled  in  still  air 

43.200 
46.000 
42.600 

68.400 
68.000 
59,400 

41.6 
41.3 
39.0 

67  8 

M  Heated  to  860°  C.  and  cooled  in  still  aii 

68.6 

H    Heated  to  860°  C.  and  cooled  in  still  air 

63  9 

L    Heated  to  860°  C.  and  cooled  in  furnace 

36.500 
36.800 
35.100 

62.6C0 
53.000 
65.000 

40.6 
40.3 
38.0 

63  2 

M  Heated  to  860°  C.  and  cooled  in  furnace 

61.6 

If    Heated  to  860^  C.  and  cooled  in  furnace 

63  0 

L     Quenched  at  860°  in  ioe  water.     Reheated  to  300°. . . 
M  Quenched  at  860°  in  ice  water.     Reheated  to  300°.. . 
a   Quenched  at  860°  in  ioe  water.     Reheated  to  300°.. . 

55.900 
69.500 
57.600 

75.700 
75.000 
83.760 

26.5 
26.7 
21.6 

70.0 
71.4 
60.7 

L     Quenched  at  860°  in  ice  water.     Reheated  to  400°. . . 
M  Quenched  at  860°  in  ice  water.     Reheated  to  400°. . . 
H   Quenched  at  880°  in  ice  water.     Reheated  to  400°. . . 

60.300 
62.600 
62,400 

76,300 
76.600 
83.200 

28.8 
26.3 
22.3 

72.1 
70.0 
62.4 

M  Quenched  at  860°  in  ioe  water.     Reheated  to  500°. . . 
H    Quenched  at  860°  in  ice  water.     Reheated  to  600°. . . 

57,000 
69.700 
60,900 

72,700 
73.300 
78,000 

32.0 
29.0 
26.0 

73.6 
71.8 
67.0 

X     Quenched  at  860°  in  ioe  water.     Reheated  to  600°. . . 
M  i  nenched  at  860°  in  ice  water.     Reheated  to  600°. . . 
H   Qaenched  at  860°  in  ioe  water.     Reheated  to  600°. . . 

62,200 
53.600 
56,200 

68.800 
71.100 
74.600 

34.2 
33.0 
30.6 

75.5 
73.5 
70.7 

There  is  not  suflBcient  variation  in  the  results  to  make  an  eiffective 
plot,  but  Table  4  summarizes  the  figures  by  giving  the  order  in  which 
they  occur  from  high  to  low. 
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Table  4 


Yield  Point 

BreakincLoad 

Elonsation 

Reduction  of 
Area 

L 

M 

H 

L 

M 

H 

L 

M 

H 

L 

M 

H 

QuencHed  in  ice  water. . 

Cooled  in  still  air 

Cooled  in  furnace 

Reheated  to  300^ 

Reheated  to  400^ 

Reheated  to  600** 

Reheated  to  600' 

1 

2 
2 
3 
3 
3 
3 

3 

1 
1 
1 
1 
2 
2 

2 
3 
3 
2 
2 
1 
1 

2 
2 
3 
2 
3 
3 
3 

3 
3 
2 
3 
2 
2 
2 

1 
1 
1 
1 
1 
1 
1 

3 
1 
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3 

1 
1 
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1 
2 
2 
1 
2 
2 
2 

2 
3 
3 
2 
3 
3 
3 

3 
2 
2 

3 

1 
1 
1 

1 
1 

3 

1 
2 
2 
2 

2 
3 
1 
2 
3 
3 
3 

Totals 

17 

11 

14 

18 

17 

7 

11 

12 

10 

13 

12 

17 

Order  of  totals 3 

1 

2 

3 

2 

1 

1 

2 

3 

2 

1 

3 

Photomicrographs 

One  specimen  from  each  set  was  polished,  etched  in  a  solution  of 
10  per  cent.  HNOs  in  alcohol  and  examined  under  the  microscope.  The 
photographs  show  a  representative  spot  on  each  specimen  magnified 
300  diameters. 

The  specimens  were  studied  at  higher  magnifications  than  those  given 
in  the  micrographs,  but  no  further  information  was  obtained.  The  lower 
magnifications  gave  a  better  idea  of  the  general  structure  and,  therefore, 
only  these  were  reproduced  in  the  paper. 


Shock  Testa 

After  concluding  the  tensile  tests,  it  was  thought  desirable  to  deter- 
mine the  effect  of  varying  sulphur  content  on  specimens  subjected  to 
shock. 

Through  the  kindness  of  the  testing  department  of  the  Watertown 
Arsenal,  the  use  of  their  Charpy  machine  was  obtained  for  this  purpose. 

The  remaining  ^-in.  stock  of  bars  marked  1,  2  and  3  was  sawed  into 
2-in.  lengths  and  the  specimens  subjected  to  heat  treatment  in  sets  of 
three  under  the  same  conditions  that  obtained  in  the  case  of  the  tensile 
specimens.  After  heat  treatment,  the  specimens  were  machined  to 
conform  to  the  following  specifications: 

Length  55  mm.,  cross-section  10  by  10  mm.,  notch  across  one  side, 
midway  between  the  ends,  1  mm.  wide.    Radius  of  cutter  edge,  %  mm. 

The  Charpy  machine  consists  of  a  heavy  pendulum  which  drops 
from  a  fixed  height,  strikes  the  specimen  supported  at  each  end  and  breaks 
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Table  5 


Treatment 


No. 


Heated  to  480"  and  quenched  in  cold  water. . 
Heated  to  480"  and  quenched  in  cold  water. . 
Heated  to  480"  and  quenched  in  cold  water. . 


Heated  to  480"  and  quenched  in  cold  water. . 
Heated  to  480"  and  quenched  in  cold  water. . 
Heated  to  480"  and  quenched  ia  cold  water. . 

Heated  to  480"  and  quenched  in  cold  water. . 
Heated  to  480°  and  quenched  in  cold  water. . 
Heated  to  480^  and  quenched  in  cold  water. . 


Heated  to  480"  and  cooled  in  stUI  air. 
Heated  to  480"  and  cooled  in  still  air. 
Heated  to  480"  and  cooled  in  still  air. 

Heated  to  480"  and  cooled  in  still  air. 
Heated  to  480"  and  cooled  in  stUl  air. 
Heated  to  480"  and  oooled  in  still  air. 


Heated  to  480"  and  oooled  in  still  air. , 
Heated  to  480"  and  oooled  in  still  air. . 
Heated  to  480"  and  oooled  in  still  air. , 

Heated  to  480"  and  cooled  in  furnace. 
Heated  to  480"  and  cooled  in  furnace. 
Heated  to  480"  and  oooled  in  furnace. 

Heated  to  480"  and  oooled  in  furnace. 
Heated  to  480"  and  cooled  in  furnace. 
Heated  to  480"  and  cooled  in  furnace. 

Heated  to  480^  and  cooled  in  furnace. 
Heated  to  480"  and  cooled  in  furnace. 
Heated  to  480"  and  cooled  in  furnace. 


Quenehed  at  480". 
Quenched  at  480". 
Quenched  at  480".' 

Quenched  at  480". 
Quenched  at  480". 
Quenched  at  480". 

Quenehed  at  480". 
Quenched  at  480". 
Quenched  at  480". 

Quenched  at  480". 
Quenched  at  480". 
Quenched  at  480". 

Quenehed  at  480". 
Quenched  at  480". 
Quenobed  at  480". 

Quenched  at  480". 
Quenched  at  480". 
Quenehed  at  480". 

Quenehed  at  480". 
Quenched  at  480". 
Quenched  at  480". 

Quenched  at  480". 
Quenched  at  480". 
Quenched  at  480". 

Quenched  at  480". 
Quenched  at  480". 
Quenched  at  480". 

§uenched  at  480". 
uenched  at  480". 
uenched  at  480". 

Quenched  at  480". 
Quenched  at  480". 
Quenehed  at  480". 

Quenched  at  480". 
Quenched  at  480". 
Queaohed  at  480". 


Reheated  to  300".. 
Reheated  to  300". 
Reheated  to  300°. . 

Reheated  to  300°.. 
Reheated  to  300". . 
Reheated  to  300°.. 

Reheated  to  300". . 
Reheated  to  300°.. 
Reheated  to  300°.. 

Reheated  to  400".. 
Reheated  to  400".. 
Reheated  to  400°. . 

Reheated  to  400".. 
Reheated  to  400°.. 
Reheated  to  400°.. 

Reheated  to  400°.. 
Reheated  to  400°.. 
Reheated  to  400°.. 

Reheated  to  500°. . 
Reheated  to  500°.. 
Reheated  to  500°.. 

Reheated  to  500°.. 
Reheated  to  500°.. 
Reheated  to  500°.. 

Reheated  to  500°.. 
Reheated  to  500°.. 
Reheated  to  500°. . 

Reheated  to  600". . 
Reheated  to  600°. . 
Reheated  to  600°.. 

Reheated  to  600". . 
Reheated  to  SCO".. 
Reheated  to  600".. 

Reheated  to  600".. 
Reheated  to  600°.. 
Reheated  to  600".. 


4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

301 
302 
303 

304 
305 
306 

307 
308 
309 

401 
402 
403 

404 
405 
406 

407 
408 
409 

501 
502 
503 

504 
505 
506 

507 
508 
509 

601 
602 
603 

604 
6C5 
606 

494 
502 
521 


Mark 


Breaking 
'  Shock,  Ft.> 
I  Lb.  per  Sq. 
In. 


lA 
lA 
lA 

2A 
2A 
2A 

3A 
3A 
3A 

lA 
lA 
lA 

2A 
2A 
2A 

3A 
3A 
3A 

lA 
lA 
lA 

2A 
2A 
2A 

3A 
3A 
3A 

lA 
lA 
lA 

2A 
2A 
2A 

3A 
3A 
3A 

lA 
lA 
lA 

2A 
2A 
2A 

3A 
3A 
3A 

lA 
lA 
lA 

2A 
2A 
2A 

3A 
3A 
3A 

lA 
lA 
lA 

2A 
2A 
2A 

3A 
3A 
3A 


Average 


494 
545 
540 

523 
488 
542 

432 
507 
470 

356" 

460 

452 

512 
521 
624 

418 
398 
433 

258 
284 
295 

353 
357 
259* 

283 
256 
279 

633 

447" 

678 

562 
537 
530 

462 
422 
434 

613 
597 
582 

540 
541 
556 

474 
447 
429 

439" 

694 

670 

560 
572 
552 

405 
456 
469 

726 
728 
726 

58i 
604 
602 

494 
502 
521 
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626 
518 
470 
466 
519 
416 
270 
365 
273 
605 
543 
439 
597 
546 
450 
682 
661 
473 
727 
597 
500 
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*  Abnormal.     Not  included  in  average. 
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it  at  the  notch.  The  pendulum  then  continues  its  swing  and  the  height 
it  reaches  is  registered.  Knowing  the  weight  of  the  pendulum,  the  height 
it  falls  and  the  height  it  rises,  a  simple  calculation  gives  the  energy  con- 
siuned  in  breaking  the  specimen. 

The  results  obtained  are  given  in  Table  5. 

Conclusions 

Table  4,  which  expresses  the  sunmiary  of  the  tensile  tests,  shows  that 
the  high-sulphur  steel  has  for  each  treatment  the  highest  breaking  load 
while  the  yield  point  ranks  first  for  two  treatments,  second  for  three  and 
third  for  two.  From  this  we  may  conclude  that  the  sulphur  does  not 
lower  the  tensile  strength. 

The  figures  for  elongation  and  reduction  of  area  show  that  there  is 
little  difference  in  ductility  between  the  low-  and  medium-sulphur 
steels,  but  the  ductility  of  the  high-sulphur  steel  is  slightly  lower  than  the 
other  two  for  most  of  the  treatments. 

The  average  figm-es  for  the  shock  tests,  except  for  the  air-  and  furnace- 
cooled  specimens,  are  highest  for  each  treatment  in  the  case  of  the  low- 
sulphur  steels  and  lowest  for  each  treatment  for  the  high-sulphur  steels. 
The  widest  difference  appears  in  the  steels  which  have  been  quenched  and 
reheated. 

It  is  difficult  to  draw  definite  conclusions  from  the  results  because  of 
the  newness  of  the  shock  test  and  the  difference  of  opinion  among  engi- 
neers regarding  its  value.  The  tensile  tests  are  not  unfavorable  to  steels 
with  moderate  amounts  of  sulphur,  while  the  shock  tests  show  a  decided 
falling  off  in  strength  as  the  sulphur  increases.  Until  the  interpretation 
of  the  results  from  the  Charpy  machine  is  more  fully  understood,  it  is 
impossible  to  say  to  which  set  of  tests  the  most  importance  should  be 
attached. 

Further  light  might  be  thrown  on  the  subject  by  making  alternate  stress 
or  fatigue  tests.  It  would  be  important  to  learn  whether  the  results 
would  confirm  the  tensile  or  shock  tests.  Unfortunately,  however,  the 
stock  of  steels  used  in  the  previous  work  was  exhausted,  and  whatever 
the  results  of  the  fatigue  tests  there  would  be  an  uncertainty  in  their 
interpretation  because  of  difference  in  stock.  It  was,  therefore,  decided 
not  to  include  this  series  in  the  present  investigation. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
New  York  meeldng,  February,  1917,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writina  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers,  29  West 
89th  Sti«et{  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  April  1, 1917.  Any  discussion 
ofFered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Recrystallization  after  Plastic  Deformation 

BY  HENRY  M.   HOWE,   LL.   D.,*  BEDFORD   HILLS,   N.   Y. 
(New  York  Meeting,  February,  1917) 

This  paper  is  a  discussion  of  the  extremely  valuable  one  of  Mathewson 
and  Phillips,  The  Recrystallization  of  Cold- Worked  Alpha  Brass  on 
Annealing,^  which  not  only  gives  us  a  wealth  of  important  data  reached 
with  great  intelligence,  but  also  shows  both  uncommon  powers  of  imagi- 
nation and  a  perfectly  fair  spirit. 

Let  me  try  to  analyze  some  of  their  results,  and  to  enunciate  some  of 
the  laws  to  which  these  results  point.  For  brevity  I  refer  to  them  as 
"The  Authors."    The  page  numbers  in  parentheses  refer  to  their  paper. 

1.  The  Visible  Aspects  of  Recrystallization. — Plastic  deformation  in 
a  single  direction,  as  in  cold-rolling,  draws  the  grains  out  in  that  direc- 
tion, that  is,  inequiaxes  them,  without  destroying  their  apparent  indi- 
viduality. Each  grain  seems  to  endure  the  drawing  out  without  chang- 
ing either  its  volume  or  its  orientation  materially,  for  the  etching  tint  of 
each  grain  seems  to  be  as  uniform  after  as  before  the  drawing  out,  save 
for  the  "etch  bands,"*  shown  in  Figs,  il  to  D  of  the  Authors'  Plate  I. 

As  the  drawn-out  metal  is  heated  progressively,  on  reaching  a  certain 
"disintegration  temperature"  these  old  grains  seem  to  break  up,  probably 
into  submicroscopic  fragments,  and  this  apparent  disintegration  is  fol" 
lowed  by  a  coalescence  of  these  fragments,  so  that  their  number  decreases 
and  their  size  increases,  till  they  may  become  very  much  coarser  than 
before  the  drawing  out.  Ruder'  coarsened  the  grains  of  silicon  steel  in 
this  way  till  single  grains  reached  an  area  of  50  cm.  (7.75  sq.  in.). 

The  deformation  itself  probably  breaks  each  grain  up  into  many  very 
small  fragments,  but  the  fact  that  each  grain  continues  to  have  a  uniform 
etching  tint  different  from  that  of  its  neighbors  indicates  that  these 
fragments  retain  the  initial  common  orientation  of  the  grain.  The 
apparent  disintegration  which  we  observe,  then,  is  rather  an  abandon- 
ment of  community  of  orientation  for  individuaUty  of  orientation, 
by  the  fragments  formed  earlier  during  the  deformation.    Hence  we 

•  Emeritus  ProfesBor  of  Metallurgy,  Columbia  University. 
1  BvUetin  No.  109,  p.  1  (January,  1916). 

*  Bosenhain  calls  these  ''slip  bands,''  and  I  have  called  them  "X  bands,"  to  avoid 
any  preconception  as  to  their  nature  {The  Metallography  of  Steel  and  Cast  Iron,  p.  452). 

»  Tran8,f  vol.  47  p.  669. 
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should  speak  rather  of  a  ''reorientation"  than  of  a  ''disintegration" 
temperature.  The  reorientation  and  regrowth  may  jointly  be  called 
"  recrystallization." 

The  recrystallization  is  accompanied  by  softening^  that  is  to  say, 
though  the  first  raising  of  the  temperature  after  the  cold-roUing  may 
increase  the  hardening  which  the  cold-rolling  caused,  yet  with  further  rise 
of  temperature  the  hardness  falls  progressively  to  that  of  the  normal 
metal. 

While  the  Authors  would  explain  the  natiure  of  disintegration  and 
regrowth,  their  main  objective  seems  to  be  to  trace  the  connection  be- 
tween these  two  processes  and  this  softening. 

2.  Our  natural  conception  of  disintegration  and  grain  growth  I  take  to 
be  that  the  plastic  deformation  itself  breaks  each  grain  up  into  many 
fragments  as  already  pointed  out,  of  which  the  number  increases  and  the 
size  decreases  as  the  deformation  increases;  that  each  fragment  retains 
for  the  time  the  initial  orientation  of  the  grain  from  which  it  is  broken, 
as  is  shown  by  the  uniform  etching  tint  of  all  these  fragments  of  a  given 
grain;  but  that  each  is  sheathed  completely  with  metal  made  amorphous 
by  the  friction  during  the  act  of  deformation.  This  amorphous  metal 
cements  the  whole  together.  On  this  hypothesis  when  the  deformed 
metal  is  heated,  five  distinct  changes  occur  side  by  side,  though  not 
necessarily  simultaneously  or  in  any  fixed  proportion  to  each  other. 
These  are,  first,  a  progressive  reabsorption  of  the  amorphous  sheaths  by 
the  crystalline  fragments  which  they  inclose;  second,  a  suspected  pro- 
gressive but  undescribed  change  in  the  condition  of  so  much  of  these 
sheaths  as  has  not  yet  become  reabsorbed,  or  of  the  crystalline  grain 
fragments  thus  sheathed,  or  of  both;  third,  an  apparent  disintegration  of 
the  initial  grains,  which  is  really  only  a  reorientation  of  the  grain  frag- 
ments already  formed;  fourth,  their  progressive  growth  by  coalescence, 
with  consequent  lessening  of  their  number;  and  fifth,  the  progressive 
release  of  stress  as  the  mobility  increases  and  the  existing  elastic  limit 
falls  correspondingly.  The  first  three  may  be  grouped  together  as 
"recrystallization."  Let  us  in  (3)  to  (7)  glance  at  the  evidence  that  these 
five  agencies  are  at  work. 

3.  The  reabsorption  of  the  sheaths  with  rising  temperature  is  inferred 
from  the  observation  that,  by  heating  brfore  etching,  the  etch  bands, 
which  seems  to  represent  an  accumulation  of  this  same  amorphous  metal 
along  the  slipping  planes,  are  made  first  fainter  and  finally  undetectable. 

4.  The  reorientation  of  the  grain  fragments  is  shown  by  the  apparent 
disintegration  which  the  grains  imdergo,  for  this  disintegration  means 
only  that  the  several  fragments  of  a  given  grain  cease  to  have  common 
orientation  and  hence  to  etch  alike,  and  instead  adopt  each  a  new  orien- 
tation, so  that  they  etch  differently  and  hence  appear  as  distinct  grains 
or  grain  fragments.    It  is  not  clear  that  this  distinction  between  grains 
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and  grain  fragments  need  be  insisted  upon  in  what  follows,  for  indeed 
each  fragment  seems  for  all  intents  and  purposes  to  be  an  independent 
grain,  once  its  reorientation  has  occurred. 

5.  Grain  Growth. — ^The  progressive  growth  of  the  grain  fragments  is 
familiar  to  all  through  the  coarsening  that  occurs  on  heating  cold-rolled 
or  otherwise  plastically  deformed  metal. 

6.  The  progressive  release  of  stress  could  no  doubt  be  proved  by  noting 
how  much,  after  reheating  to  various  temperatures,  the  specimen  bends 
out  of  shape  spontaneously  on  cutting  away  a  fixed  part  of  it,  so  as  to 
destroy  the  balance  of  internal  stresses  remaining  after  the  initial  cold- 
rolling  itself.  We  may  assume  confidently  that  the  degree  of  this  spon- 
taneous bending  decreases  progressively  as  the  temperature  of  annealing, 
prior  to  cutting  away,  rises. 

7.  A  progressive  change  in  the  condition  of  the  amorphous  sheaths  or  of 
the  crystalline  fragments  is  neither  shown  nor  known.  I  have  inferred 
it  as  a  probable  cause  of  the  perturbations  which  the  cohesion,  as  indi- 
cated by  the  elastic  limit  and  hardness  of  cold-rolled  iron,  both  pure  and 
cementite-bearing  (mild  steel),  undergoes  on  gentle  heating.  On  either 
slight  heating  or  mere  rest  such  iron  may  soften  materially  or  may  harden 
greatly,  according  to  the  intensity  of  the  previous  deformation.* 

8.  In  what  Proportion  is  the  Softening  Caused  by  Annealing  due  to  Each 
of  These  Five  Inflvencest — ^Though  the  present  evidence  does  not  enable 
us  to  give  a  full  answer  to  this  question,  some  inferences  concerning  it 
may  be  drawn.  Let  us  see,  in  (9)  to  (14),  what  importance  we  are  inclined 
to  assign  each  of  these  five  supposed  agencies. 

9.  Stress. — ^The  relief  of  stress  is  not  likely  to  cause  a  very  large  frac- 
tion of  the  softening  induced  by  annealing;  first  because  it  is  incompetent 
to  explain  the  great  hardening  and  embrittlement  which  gentle  heating 
causes  in  cold-worked  iron;  and  second  because  the  progress  of  the  soften- 

^  The  Metallography  of  Sted  and  Cast  Iron,  pp.  365  and  452  to  458.  The  Authors' 
explanation  {Bulletin  No.  109,  p.  7  (January,  1916))  that  the  strengthening  represents 
the  removal  of  stress  is  not  competent  to  explain  either  the  tripling  of  the  hardness 
which,  as  I  find,  mere  rest  after  deformation  may  cause,  or  the  simultaneous  great 
loss  of  ductility.  Thus  Stromeyer  (Journal  of  the  Iron  and  Steel  Inetilule,  vol .  75,  No. 
3y  p.  92  (1907))  finds  that  the  ability  of  the  outer  surface  of  a  nicked  test-piece  to 
elongate  before  rupture  may  fall  from  60  per  cent,  to  6  per  cent,  on  long  rest,  and  in  one 
case  to  6  and  in  another  even  to  3  per  cent,  on  heating  to  100°  for  15  min.  Nor  can 
we  accept  the  explanation  (Gulliver,  Journal  of  the  InstUtUe  of  Metcds^  No.  2,  p.  220 
(1909))  that  this  hardening,  strengthening,  and  embrittlement  represent  "a  change 
from  tiie  instable  FetC,  present  in  commercial  steels,  to  the  stable  FetC,"  because  I 
find  that  practically  carbonless  steel,  with  only  0.01  per  cent,  of  carbon,  hardens  like 
and  perhaps  even  more  than  common  mild  steel  of  0.147  per  cent,  of  carbon,  on  heating 
to  100^  after  plastic  deformation  (op.  cit.,  p.  365).  This  strengthening  and  hardening 
which  alight  heating  causes  so  markedly  in  iron  occur  only  in  a  slight  degree  in  brass, 
aa  Is  shown  concordantly  by  the  results  of  Bengough  and  the  Authors  (pp.  3  and  6). 
Indeed  it  is  so  alight  as  to  have  been  overlooked  by  Grard  (p.  3). 
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ing,  both  absolute  and  relative,  in  the  Authors'  results  is  not  such  as 
would  be  expected  to  be  caused  by  stress-relief.  Thus,  on  the  theory  that 
stress-relief  is  the  chief  cause  of  the  softening,  it  is  hard  to  see  why  a 
progressive  increase  in  the  degree  of  cold-roUing  should  lead  either  to 
the  progressive  and  marked  lowering  of  the  temperature  of  most  rapid 
softening,  or  to  the  marked  narrowing  of  the  temperature  range  in  which 
most  of  this  softening  occurs,  as  recorded  by  the  Authors  (Fig.  3),  or 
why,  after  8  per  cent,  reduction  by  rolling,  the  softening  should  be  only 
1.4  units  between  350°  and  450*",  yet  should  rise  to  2.1  units  between  450® 
and  550°  and  to  2.5  between  550°  and  650°  (Table  IV). 

10.  Reorientation  or  Disintegration. — If  we  are  right  in  conceiving  that 
visible  disintegration  represents  the  breaking  away  from  the  initial  orien- 
tation and  substituting  a  new  one  in  each  of  the  several  grain  fragments 
which  thereby  become  visible,  then  before  any  large  fraction  of  the  frj^- 
ments  have  thus  changed,  the  change  should  become  visible,  substituting 
in  the  earliest  of  the  reorienting  grains  finer  imiformly  etching  areas 
for  the  initial  coarser  ones.  On  this  conception,  disintegration  is  not 
likely  to  be  the  chief  cause  of  the  softening,  because  after  the  Authors'  4 
and  12  per  cent,  reductions  more  than  one-third  of  the  total  soften- 
ing occurs  from  100°  to  200°  before  the  reorientation  becomes  visible 
(Table  IV). 

Again,  it  is  hard  to  reconcile  the  belief  that  most  of  the  softening  is 
due  to  reorientation  with  the  fact  that,  after  their  35  per  cent,  reduction, 
80  per  cent,  of  the  total  softening  occurs  after  reorientation  has  become 
visible,  and  successive  softenings  each  of  about  10  per  cent,  of  the  total 
are  found  at  temperatm-es,  200°,  300°,  and  even  400°  higher,  though  the 
micrographs  suggest  no  such  temperature-distribution  of  the  reorienta- 
tion. 

11.  Grain  Growth. — If  we  conceive,  as  seems  reasonable,  that  the 
grain  fragments  cannot  coalesce  with  each  other  to  any  important  degree 
before  they  reorient  themselves  and  thereby  cause  visible  disintegration, 
then  the  great  softening  which,  after  the  4  per  cent,  and  8  per  cent, 
reductions,  precedes  visible  reorientation,  cannot  be  referred  to  grain 
growth.  This  disinclines  us  to  refer  the  softening  as  a  whole  chiefly  to 
grain  growth,  in  spite  of  the  very  great  softening  that  accompanies  the 
replacement  of  finer  by  coarser-grained  gold  in  the  important  experiments 
of  Fahrenwald,*  a  softening  so  great  that  we  hesitate  to  refer  it  solely 
to  diflference  in  grain  size.     The  Authors  clearly  share  this  belief  (p.  31). 

Another  indication  that  grain  growth  is  not  the  chief  cause  of  the 
softening  is  the  discordance  between  the  curves  of  grain  size  and  of 
hardness  in  Fig.  4.  To  judge  from  Plate  XI  there  is  a  great  retardation 
of  grain  growth  from  the  350°-450°  to  the  450°~550°  range,  and  Fig.  4 

•  BuUetin,  No.  109,  p.  122  (January,  1916). 
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tells  ufl  that  there  is  such  a  retardation  from  the  450'*-550**  to  the  SSO"*- 
650^  range,  yet  in  passing  these  ranges  the  softening  undergoes  no  corre- 
sponding retardation,  nor  does  the  tensile  weakening. 

12.  Reabaorptian  of  the  Amorphous  Sheaths, — Thin  as  these  sheaths 
seem  to  be,  if  we  refer  to  them  the  great  hardening  that  cold  work  is 
capable  of  giving  we  must  infer  that  their  total  voliune  forms  a  very 
appreciable  fraction  of  the  whole  mass,  an  inference  which  is  the  more 
probable  in  view  of  the  marked  changes  which  cold  work  causes  in  the 
solution  pressure,  density,  and  other  physical  properties  of  the  mass  as  a 
whole. 

It  is  reasonable  to  hold  that  this  amorphous  metal  is  harder  than 
the  crystalline,  because  it  lacks  the  cleavages  and  partings  which  en- 
feeble every  crystalline  mass.  Hence  its  progressive  reabsorption  on 
heating  and  rest  would  itself  naturally  cause  a  corresponding  softening 
of  the  mass  as  a  whole.  It  may  be  that  the  rate  of  reabsorption  of 
this  amorphous  metal  on  heating  and  rest  varies  in  such  a  way  as  to 
contribute  greatly  to  the  variations  observed  in  the  rate  of  softening  of 
the  whole  mass. 

13.  Change  of  Condition  of  the  AmorphovLS  Sheaihs  or  of  the  Crystalline 
Fragments  which  they  Inclose. — The  great  hardening,  strengthening,  and 
embrittlement  which  pure  iron  undergoes  on  rest  or  on  slight  heating  after 
cold  deformation  are  not  readily  referred  to  any  of  the  four  agencies 
which  we  have  just  considered  in  (9)  to  (12).  In  order  to  explain  them  I 
attempt  to  refer  them  to  imknown  changes  in  the  nature  of  either  the 
amorphous  sheaths  or  crystalline  fragments  which  they  inclose,  or  both. 
If  we  grant  that  either  or  both  these  agencies  are  capable  of  causing  these 
very  striking  changes,  we  naturally  infer  that  they  may  also  contribute 
to  a  very  important  degree  to  the  softening  which  follows  this  hardening 
in  iron  on  higher  heating,  and  occurs  without  prominent  hardening  in  the 
other  metals. 

14.  To  sum  up,  stress-relief  and  grain  growth  are  not  likely  to  con- 
tribute greatly  to  the  softening  caused  by  heating  overstrained  metal. 
Reorientation  may  contribute  greatly,  but  it  is  not  likely  to  be  the  chief 
cause.  The  reabsorption  of  the  amorphous  sheaths  inclosing  the  grain 
fragments,  and  a  progressive  change  in  the  condition  of  those  sheaths  of 
the  crystalline  metal  in  those  fragments,  are  possible  important  causes. 
Beyond  this  preliminary  speculation  the  present  data  do  not  justify  our 
going. 

It  is  probable  that  at  least  two  agencies  are  at  work,  with  effects 
which  differ  greatly,  because,  in  the  case  of  iron,  rest  and  gentle  heating, 
while  effacing  one  of  the  effects  of  the  cold  work,  the  etch  bands, 
simultaneously  increase  another  and  simultaneous  effect  of  that  same 
cold  work,  the  hardening  which  it  causes. 

15.  Corresponderu:e  between   the   Avihors^    Conjectured  Progress    of 
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Recrystdllization  and  Their  Observed  Progress  of  Softening. — First  we  must 
understand  the  Authors'  term  "fragmental  resolution,"  for  which  I 
venture  to  suggest  "limiting  grain  size."  They  hold  that,  for  each 
temperature,  there  is  a  certain  **  limiting  grain  size,"  'limiting"  in 
the  sense  that  all  grain  or  grain  fragments  which  are  smaller  than  it 
start  to  grow  toward  it,  but  cannot  grow  beyond  it,  nor  can  grains  of 
this  or  any  greater  size  grow  at  this  temperature.  As  far  as  I  under- 
stand "fragmental  resolution,"  it  means  this  ''limiting  grain  size,"  a 


Conjectured  Percentage  of  the  Total  Masg  which  will  Re-crystallize  in  Heatins  np  to  and 
Holdioff  at  given  Temperature  after  Various  Decrees  of  Severity  of  Prior  Plastic  Defonnatioa 


Temperature  Scale 

Qialn  Size  Scale Temperature  fand  Henc6"Limitinff 'Grain  size  or  Ftaffment-elze  Noonal  to  T^ 

Hence,  size  to  which  FragmenU  will  Grow  at  T"  if  Initially  smaUarJ 

Fig.  a. — Conjectured  Proobbsb  of  Recbtbtaluzation  of  Col]>-workbd  Brass 
ON  Progressive  Heating. 

term  which  I  offer  reluctantly  and  only  because  I  find  ''fragmental  reso- 
lution" confusing. 

The  Authors  give  in  their  Fig.  2  a  most  interesting  generalization  from 
their  hypothesis.  This,  their  conjecture  as  to  the  progress  of  recrystal- 
lization,  that  is  of  the  return  to  the  crystalline  state  of  the  metal  made 
amorphous  by  the  deformation,  may  perhaps  be  grasped  more  easily  as 
relettered  in  my  Fig.  A.  Here  ordinates  show  what  percentage  of  that 
part  of  the  metal  which  has  thus  been  made  amorphous  can  recrystallize 
in  rising  to  given  temperature  and  staying  there  30  min.  Abscisss 
measure  both  temperature  and  the  limiting  grain  size  for  given  tempera- 
ture. Far  from  attempting  quantitative  accuracy,  this  sketch  tries  only 
to  show  the  general  family  to  which  the  curves  are  expected  to  belong. 

According  to  this  forecast,  the  greater  the  previous  reduction  by  cold- 
rolling  has  been,  (1)  the  lower  is  the  temperature  at  which  the  curves  leave 
the  horizontal  axis,  that  is  the  temperature  at  which  recrystallization 
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starts,  and  (2)  the  steeper  is  the  beguming  of  the  curve.  Further  (3), 
whereas  after  severe  deformation  the  curves  are  convex  upward,  after 
slight  deformation  they  are  concave  upward.  Hence  the  curves  for 
great  reductions  form  a  sheaf  of  which  the  top  fans  out*  to  the  right, 
whereas  those  of  slight  deformation  form  a  sheaf  of  which  the  bottom  fans 
out  to  the  left. 


PerM&taffe  of  the  Total  Sof teainff  Referable  to  Be-erystallizajtion,  on  Heatinff 
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Fig.  B. — Obsbbvbd  Proorbss  of  Softening  op  Cold-bollbd  Brass. 


We  have  no  data  showing  the  true  progress  of  this  recrystallization, 
and  hence  we  cannot  check  their  forecast  as  to  the  relation  of  this  progress 
to  the  temperature  of  anneaUng.  But  in  my  Fig.  B,  I  attempt  to  check  it 
indirectly  by  showing  how  the  progress  of  that  fraction  of  the  softening 
which  may  be  referred  to  recrystallization  is  related  to  the  annealing 
temperature.  Any  such  attempt  must  be  very  rough,  because  we  do  not 
know  what  fraction  of  the  softening  is  due  to  recrystallization  and  what 
to  grain  growth.  In  view  of  the  relatively  small  effect  of  grain  size  as 
such  on  hardness,  I  assume  that  the  greater  part  of  the  softening  is  due 
to  recrystallization,  and  for  the  purposes  of  this  rough  check  I  assume 
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that  the  temperatures  given  in  line  2  of  my  Table  A  are  those  at  which 
recrystallization  becomes  complete,  on  the  groimd  that  these  are  the 
ones  at  which  the  softening  is  nearly  complete. 

Because  the  heatings  underlying  their  Table  IV  were  of  30  min., 
because  a  temperature  of  255®  was  needed  in  their  Table  II  to  cause  an 
appreciable  softening  after  40  per  cent,  reduction  in  about  this  time;  and 
because  30  min.  at  200°  caused  a  slight  hardening  after  this  reduction; 
I  set  T°i,  the  temperature  needed  to  cause  the  first  softening  after  60 
per  cent,  reduction,  at  255°. 

The  curves  of  Fig.  JB,  plotted  on  these  assumptions,  tend  to  support 
the  second  and  third  of  the  Authors'  predictions,  that  the  steepness  of 
the  beginning  of  the  curve  increases  with  the  previous  reduction,  and 
that  the  curves  for  great  reduction  are  convex  upward  whereas  those  for 
light  reductions  are  concave  upward. 

Their  first  contention,  that  the  temperature  at  which  recrystalliza- 
tion starts  is  the  lower  the  greater  the  deformation  has  been,  has  such  good 
direct  experimental  support  that  it  is  to  be  accepted  in  spite  of  its  not 
being  clearly  indicated  by  these  curves.  Note,  for  instance,  that  the 
shape  of  the  8  and  12  per  cent,  reduction  curves  suggests  that  they  leave 
the  horizontal  axis  at  temperatures  rather  below  than  above  those  of  the 
15  and  25  per  cent,  curves. 

16.  Is  There  an  Equilibrium  Grain  Size  for  Each  Temperature? — The 
Authors'  assertion  to  this  effect  (p.  18)  may  well  be  taken  rather  cau- 
tiously in  our  present  ignorance  as  to  the  mechanism  of  grain  growth. 
That  this  growth  accelerates  with  rise  of  temperatiu'e,  and  retards  itself 
as  it  proceeds,  seems  clear;  but  that  it  ceases  completely,  so  that  the 
agencies  resisting  coalescence  come  in  time  to  arrest  it  completely,  at 
relatively  high  temperatures,  has  not  yet  been  shown,  I  believe.  A 
marked  retardation  as  the  process  proceeds  would  naturally  occur  on 
almost  any  theory  of  grain  growth,  but  that  need  not  imply  arrest.  If 
it  is  true  as  reported  that  meteorites  often  consist  of  a  single  enormous 
grain,  that  would  indicate  that,  at  least  in  this  case,  if  time  is  almost 
unlimited  coalescence  becomes  almost  unlimited,  and  that  here  the  anti- 
coalescence  agencies  never  become  strong  enough  to  cause  complete 
arrest. 

17.  Certain  Laws  of  Annealing  for  Alpha  Brass. — The  Authors'  data 
point  to  the  following  laws: 

{A)  As  the  degree  of  previous  deformation  (cold-rolling)  increases 
from  a  reduction  in  thickness  of  4  per  cent,  to  one  of  40  or  50  per  cent.,* 
(1)  the  temperature  at  which  in  subsequent  heating  reorientation  becomes 
visible  under  a  magnification  of  85  diameters  falls  progressively  from 
650"^  to  between  275''  and  300°  (Table  III);  (2)  the  temperature  of  most 

*  Both  the  40  per  cent,  maximum  reduction  of  Table  III  and  the  50  per  cent, 
reduction  of  Table  lY  and  Plate  XI  are  correct. 
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rapid  softening  falls  progressively  from  between  550®  and  650®  to  below 
350®  (Table  IV) ;  and  (3)  the  range  of  temperature  in  which  the  greater 
part  of  the  softening  occurs  becomes  progressively  narrower  (Table  TV).'' 
{B)  From  this  it  follows  that  the  annealing  temperature  needed  to 
cause  nearly  complete  softening  is  the  lower  the  greater  the  previous 
reduction  has  been,  and  the  longer  the  annealing  period.  For  a  30-min. 
annealing  the  relation  is  about  as  follows: 


Table  A 

1.  Percentage  of  reduction  by  cold-rolling 

2.  Temperature  needed   for  nearly  complete 
softening,  degrees  Centigrade 

3.  Percentage  of  total  softening  at  that  tem 
perature 

4.  Lowest  temperature  of  visible  disint^ration, 
degrees  Centigrade 


4 

750 
90.4 
650 


8 

750 
98.8 
550 


12 
650 
90.0 
550 


15 
550 
90.6 
450 


25 
550 
79.6 
350 


50 
450 
79.2 
350 


(C)  The  temperature-range  of  most  rapid  softening  merges  into  a 
higher  range  of  progressively  retarded  further  softening,  which  continues 
in  every  case  even  to  beyond  760®,  suggesting  that  the  softening  is  due 
to  at  least  two  superposed  changes,  of  which  one,  probably  recrystalliza- 
tion,  occurs  rapidly  at  a  relatively  low  temperature — the  lower  and  nar- 
rower the  greater  has  been  the  cold-roUing — and  the  other,  probably  grain 
growth,  is  spread  out. 

(D)  Decrease  on  Heating  of  the  Excess  of  Hardness  Caused  by  Greater 
Deformation. — Here  we  may  leave  out  of  account  the  2  per  cent,  reduc- 
tion, because  its  effects  are  so  slight  compared  with  the  accuracy  of  the 
Shore  method,  and  the  50  per  cent,  reduction  because  this  refers  to  a 
different  alloy. 

The  excess  of  hardness  caused  by  26  per  cent,  reduction  over  that 
caused  by  4  per  cent.,  which  is  14.7  Shore  units  before  annealing,  falls  to 
10.9  units  on  annealing  at  350°  and  to  1.7  units  on  annealing  at  450''. 
We  may  question  whether  this  excess  remains  measurably  great  after 
ajinealing  at  550°  or  any  higher  temperature,  for  though,  if  we  consider 
the  extreme  cases,  the  4  and  the  25  per  cent,  reductions,  a  slight  excess 
persists  even  on  heating  to  800°,  as  shown  in  line  4  of  Table  B,  yet  for 


7  This  agrees  with  Muir's  observation  that  the  greater  the  hardening  caused  by 
overstrain,  as  shown  by  the  rise  of  the  yield  point  in  steel,  the  lower  is  the  temperature 
at  -which  softening  sets  in  (Philosophical  TranacuUiona  of  the  Royal  Society  of  London, 
vol.  103  A,  p.  22,  1900),  and  with  GhappeU's  that  the  greater  the  deformation  the 
lower  the  temperature  at  which  the  recrystallization  (disintegration  and  subsequent 
coarsening)  of  overstrained  steel  occurs  {Journal  of  the  Iron  and  Steel  InetitiUe,  vol. 
89,  pp.  471,  496, 1914). 
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Tabus  B 


1.  Annealing  temperature,  degrees  G ,  Unanne&led  ,  350 '  450 

2.  Hardness  after  25  per  cent,  reduction..  I       27.4       i23.6Jl3.7 


550 
11.8 


3.  Hardness  after  4  per  cent,  reduction . . .  j        12 . 7       ;  12 . 7  12 . 0  10 . 9 


650,760  800 

10.2' 8.2!  7.8 

9.3'8.0|7.5 

4.  Difference,  Shore  units' |        14.7       lO-^j  1.7i  0.9j  0.9J0.2|0.3 

\ \ \ I I \ , 

temperatures  above  450®  this  excess  hardly  exceeds  the  limits  of  error. 
Moreover,  if  we  compare  all  five  of  the  reductions,  we  find  great  ano- 
maUes.  For  instance,  the  specimens  reduced  by  4  per  cent,  are  actually 
reported  as  harder  than  those  reduced  by  either  8  or  12  per  cent.,  after 
the  650°,  750°,  and  800°  annealings  severally. 

Again,  for  each  of  the  four  annealing  temperatures,  550°,  650°,  750°, 
and  800°,  there  are  five  reductions  that  we  are  considering,  those  of  4,  8, 
12,  15  and  25  per  cent.  If  for  each  temperature  we  compare  the  hard- 
ness after  any  one  reduction  with  that  after  the  next  greater  reduction, 
we  have  four  such  comparisons  at  each  temperature,  or  16  for  the  four 
temperatures.  Though  in  eight  of  these  16  cases  the  hardness  given  by 
the  greater  reduction  exceeds  that  given  by  the  less,  yet  in  seven  cases 
the  reverse  is  true,  and  in  the  remaining  case  the  greater  and  the  less 
reduction  give  the  same  hardness. 

{E)  The  Temperature  at  which  Disintegration  First  Becomes  Visible 
may  Suffice  to  Efface  the  Excess  of  Hardness  Given  by  Greater  Reduction. — 
This  refers  to  the  temperature  at  which  the  reorientation  becomes  visible 
under  a  magnification  of  85  diameters.  For  instance,  this  temperature 
is  550°  for  the  reductions  of  8  and  of  12  per  cent.,  and  at  this  temperature 
the  residual  hardness  is  actually  greater  after  the  8  than  after  the  12  per 
cent,  reduction,  though  the  difiference  hardly  exceeds  the  limits  of  obser- 
vational error. 

(F)  As  the  temperature  rises,  the  softening  accelerates  greatly  and 
continuously  up  to  a  maximum  rate.  For  instance,  a  softening  amount- 
ing to  3  Shore  imits  is  made  6.4  tim,es  as  rapid  by  a  50°  rise,  from  225°  to 
275°,  and  about  1,000  times  as  rapid  by  a  100°  rise  from  225°  to  325° 
(Table  II,  p.  7). 

*  By  a  "Shore  unit"  is  meant  a  difference  of  1  in  the  unit  place  of  the  Shore  scale, 
hardness  14.3  being  2  units  greater  than  12.3. 
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Calculations  with  Reference  to  the  Use  of  Carbon  in  Modem  American 

Blast  Furnaces 

Discussion  of  the  paper  of  H.  P.  Howl  and,  printed  in  BuUetin  No.  Ill,  March,  1916, 
pp.  627  to  650. 

W.  H.  Blauvblt,  Syracuse,  N.  Y.  (communication  to  the  Secre- 
tary*).— ^I  have  read  Mr.  Rowland's  paper  on  Calculations  with  Reference 
to  the  Use  of  Carbon  in  Modern  American  Blast  Furnaces  with  much 
interest,  and  believe  that  his  method  of  analysis  of  the  subject  will  be 
of  material  assistance  in  our  study  of  the  action  of  coke  in  the  blast 
furnace. 

Mr.  Howland  quotes  Professor  Richards'  statement  that  from  the 
standpoint  of  the  generation  of  the  maximum  quantity  of  heat  in  the 
furnace,  Griiner  was  right  in  sa3dng  that  all  the  carbon  burned  in  the 
furnace  should  be  first  oxidized  at  the  tuyeres  to  CO  and  all  reduction  of 
oxides  above  the  tuyeres  should  be  caused  by  CO,  which  thus  becomes 
COj.  It  is  clear  that  the  maximum  quantity  of  heat  is  generated  in  the 
furnace  when  the  greatest  amount  of  carbon  is  burned  to  CO2  irrespective 
of  whether  it  is  burned  at  the  tuyeres  or  further  up  the  furnace.  So  it 
would  appear  that  Grtiner's  theory  is  sound  regarding  the  maximum 
production  of  heat  only  because  if  all  the  carbon  is  burned  to  CO  at  the 
tuydres  the  reduction  of  the  ores  will  have  to  be  effected  by  the  further 
oxidation  to  CO2.  Whereas,  if  the  reduction  of  the  ores  is  effected  in 
part  by  solid  carbon,  part  of  this  carbon  might  be  oxidized  only  to  CO, 
resulting  in  a  higher  percentage  of  CO  in  the  escaping  gases  than  from 
Griiner's  "ideal  conditions."  But  in  studjring  the  combustion  of  coke 
in  the  furnace,  it  is  clear  that  the  production  of  the  maximum  quantity 
of  heat  is  not  of  the  first  importance  in  blast-furnace  operation,  op  in  the 
utilization  of  the  fuel  charged  into  the  furnace.  To  my  mind  the  pro- 
duction of  a  high  thermal  head  at  the  tuyeres  is  of  the  first  importance, 
and  the  best  coke  is  that  which  reaches  the  tuyeres  in  proper  condition 
to  produce  the  highest  temperature  at  the  tuyeres,  and  in  just  sufficient 
quantity  to  do  the  amount  of  work  required  there  under  the  conditions 
produced  by  this  maximum  temperature.  The  combustion  of  a  much 
larger  amount  of  fuel  at  the  tuyfires,  under  conditions  that  will  fall  short 
of  producing  the  highest  possible  temperature,  cannot  produce  as  good 
results,  either  in  fuel  economy  or  output.  If  this  statement  is  correct, 
does  it  not  correspond  with  Mr.  Rowland's  statement  that  too  much  wind 
18  inimical  to  low  coke  consumption?  Nothing  is  more  fatal  to  obtaining 
the  highest  temperatures  than  an  excess  of  air  for  combustion.  In  the 
blast  furnace  an  excess  of  air  dilutes  and  cools  the  products  of  combus- 
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tion,  reducing  the  maximum  thermal  head  at  the  tuyeres,  and  the  larger 
volume  carries  the  high-temperature  zone  too  high  in  the  furnace. 

There  has  been  a  great  deal  of  discussion  as  to  what  are  the  qualities 
which  make  the  best  furnace  coke.  The  wider  use  of  the  byproduct  oven 
has  brought  the  control  of  the  coke  closer  to  the  furnace  man,  and  makes 
it  possible  to  modify  its  structure  in  many  ways,  so  that  the  question 
"what  are  the  best  specifications?"  has  become  a  very  Uve  one.  It 
will  probably  be  generally  admitted  that  furnace  coke  should  be  of  nearly 
uniform  size,  and  many  furnace  managers  are  eliminating  all  coke  below 
%  in.  and  above  4  or  4J^  in.  Also  that  the  best  coke  is  that  which  is 
sufficiently  strong  to  resist  undue  abrasion  and  crumbling  by  attrition 
with  the  stock,  and  of  an  open  porous  structure  that  will  permit  the  most 
rapid  combustion  when  it  reaches  the  tuydres.  Many  large  users  agree 
that  the  coke  should  never  be  overcoked,  beyond  the  point  of  producing 
a  sufficiently  strong  structure,  as  overcoking  quickly  reduces  the 
combustibiUty. 

If  Grtiner's  ideal  gives  the  best  furnace  operation,  we  should  want 
a  coke  that  is  resistant  to  the  oxygen  in  the  ore  but  easily  combustible  at 
the  tuyeres,  which  is  a  contradiction  of  quaUties.  If  my  argument  is 
correct,  that  the  furnace  man  wants  the  greatest  thermal  head  at  the 
tuyeres  rather  than  the  production  of  the  greatest  quantity  of  heat  in  the 
furnace  as  a  whole,  then  he  is  willing  to  sacrifice  some  coke  by  solution 
in  the  oxidizing  gases  in  the  upper  part  of  the  furnace,  provided  he  can 
obtain  a  sufficient  quantity  of  coke  at  the  tuyeres,  of  a  quality  that  will 
permit  rapid  combustion  with  the  minimum  amount  of  air,  thereby 
giving  him  the  maximum  thermal  head. 


The  Rifling  of  Diamond-Drill  Cores 

Discussion  of  the  paper  of  Walter  R.  Cranb,  printed  in  Bulletin  No.  113,  May,  1916, 
pp.  823  to  833. 

H.    M.    Roberts,    Minneapolis,    Minn,    (communication   to   the 
Secretary*). 

— The  rifling  of  drill  cores  is  a  frequent  source  of  interest  to  men  engaged 
in  diamond  drilling.  Previous  to  the  appearance  of  Dr.  Crane's  paper, 
there  has  been  little  record  of  connected  observation  or  rigid  speculation 
as  applied  to  the  cause  of  rifling.  Replying  to  one  of  Dr.  Crane's  letters 
of  inquiry,  I  ventured  my  opinion  that  the  cause  of  rifling  was  a  complex 
problem  in  physics,  which  I  had  not  attempted  to  solve  up  to  that  time, 
except  to  ascribe  it  to  the  general  cause  of  rotation  and  vibration  of  the 
rods.  The  question  is  worth  attention  not  only  as  a  matter  of  curious 
scientific  interest  but  also  for  the  reason  that  it  stimulates  thought  od 
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the  mecbanical  action  which  takes  place  at  the  end  of  a  diamond  bit. 
In  discussing  Dr.  Crane's  paper,  I  still  recognize  the  complexity  of  the 
problem  and  merely  note  a  few  observations  of  fact  with  the  inferences 
which  may  be  drawn  from  them.  I  am  indebted  for  suggestions  from 
W.  J.  Mead,  F.  F.  Fredlund  and  James  W.  Hunter  among  others  on  the 
staflf  of  the  E.  J.  Longyear  Co. 

It  seems  clear  that  the  cutting  medium  which  causes  uniform  thread- 
ing must  be  the  diamond  bit  itself.  The  deep,  regular  rifling  of  such  dense 
rocks  as  granite  and  norite  for  long  intervals  admits  of  no  other  reasonable 
assumption. 

Rifling  occurs  in  many  different  rocks,  both  hard  and  soft,  but  in  all 
instances  noted  there  is  one  feature  in  common:  the  rock  is  homogeneous 
over  the  extent  of  the  rifling. 

Wall  of  DriU  Hole  Rifled 

The  wall  of  the  drill  hole  itself  is  rifled,  as  well  as  the  core.  This 
has  been  observed  in  the  shaft  of  the  Isabella  Mine  in  Northern  Michigan, 
which  was  sunk  on  a  2-in.  hole  in  diabase. 


Fia.  1. 


-Specimen   from   Shaft   of  Isabella  Mine,  Cascade  Range,  Mich., 
Showing  Rifling  on  the  Wall  of  an  *'N"  Drill  Hole. 


Fig.  1  shows  a  specimen  taken  from  the  walls  of  this  hole.  It  is 
reasonable  to  suppose,  therefore,  that  rifling  of  the  core  is  also  accom- 
panied in  most  instances  by  rifling  of  the  wall  of  the  hole.  This  leads 
to  the  inference  that  perhaps  the  immediate  end  of  the  bit  is  responsible. 


The  Diamond  Bit 

A  consideration  of  the  great  pressures  which  bear  upon  a  bit  during 
the  drilling  makes  it  quite  certain  that  all  the  stones  work  and  engage 
the  rock  together.    Examination  of  a  worn  bit  shows  that  all  the  stones 
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have  played  their  part.  In  this  connection  it  is  of  interest  to  note  that 
while  diamond  setters  place  outside  stones  very  accurately  to  gage,  they 
seldom  use  a  gage  in  setting  inside  stones,  which  perhaps  admits  of  one 
stone  working  alone  on  the  inside  for  some  interval  of  time.  Those 
portions  of  the  stones  which  project  from  the  immediate  interior  and 
exterior  edges  of  the  face  of  the  bit  are  no  doubt  responsible  for  the 
threading.  It  is  apparent  that  any  play  in  the  bit  would  act  with  greatest 
effect  at  the  extreme  edges  and  would  permit  of  greater  penetration 
than  the  overset  of  that  portion  of  the  stone  which  extends  up  from  the 
edge  on  the  inside  and  outside  of  the  bit.  During  the  drilling  operation 
the  protuberance  of  the  stones  at  the  edges  is  much  greater  than  when  first 
set  up,  owing  to  the  wearing  away  of  the  metal.  Fig.  2  shows  two  worn 
diamond  bits  which  have  produced  rifled  core.    There  is  no  evidence  to 


^ 

1 

Fig.  2. — Worn  Diamond  Bits  Which  Have  Produced  Rifled  Core  and  a 
Specimen  of  Quartzitb  Core  Showing  Left-Hand  Threads.  This  Core  Was 
Produced  by  a  Bit  Revolving  to  thb^Right. 

show  that  a  bit  which  has  produced  rifling  was  different  in  any  material 
respect  when  first  introduced  to  the  hole  than  a  bit  which  has  produced 
smooth  core.  There  is  decided  evidence  to  the  effect  that  carbon  wear 
and  loss  of  metal  are  increased  in  any  bit  which  has  produced  rifling. 
Thus  the  cause  of  rifling  must  he  in  some  force  which  acted  upon  the  bit 
during  the  time  when  the  rifled  core  was  produced  and  which  did  not  act 
during  the  time  when  the  smooth  core  was  produced. 


Different  Kinds  of  Threads  and  Varying  Conditions 

The  depth  of  the  hole  does  not  seem  to  be  a  governing  factor.  Deeply 
rifled  cores  have  been  found  in  norite  drilled  with  a  2-in.  bit  10  ft.  from 
the  machine.  Threads  of  different  size,  different  pitch,  and  of  varying 
numbers  to  the  turn  are  to  be  found  on  cores  of  the  same  material  from 
one  hole  drilled  with  the  same  bit  and  with  the  machine  making  the  same 
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number  of  revolutions  per  inch  of  advance  in  the  bit.  The  threads  are 
both  left  hand  and  right  hand,  although  as  far  as  my  observation  goes 
right-hand  threads  predominate.  Fig.  1,  showing  the  rifled  wall  of  a  drill 
hole,  reveals  both  left-hand  and  right-hand  threads  in  the  same  specimen. 
The  bit  producing  these  threads  revolved  to  the  right.  I  have  counted 
both  even  and  odd  numbers  of  threads,  varying  from  three  to  twenty, 
after  which  they  become  too  fine  to  count;  in  fact,  a  smooth  core  always 
shows  small  variations  from  a  true  cylindrical  shape. 

Vibration  of  Rods  Prevalent  When  Rifled  Core  is  Produced 

It  is  an  observed  fact  that  vibration  of  the  rods  is  prevalent  in  drilling 
formations  where  regular  rifling  occurs.  This  obvious  relation  led  to  the 
replies  which  drill  operators  gave  to  Dr.  Crane's  question.  The  produc- 
tion of  threads  on  a  vibrating  pipe  in  a  lathe  bears  a  distinct  analogy  and 
renders  the  relation  between  the  vibration  of  the  driH  rods  and  rifling 
of  the  core  quite  certain.  Let  us  examine  this  relation  further,  since  we 
are  pursuing  the  inquiry  largely  as  a  matter  of  pure  interest. 

Harmonic  Motion  of  the  Bit 

The  presence  of  threads  over  any  interval  of  core  indicates  a  constant 
play  to  and  fro  of  the  bit  relative  to  the  axis  of  the  hole  during  its  advance. 
Uniformity  of  the  threading  over  any  interval  of  core  indicates  that  the 
swing  of  the  bit  operates  according  to  some  law.  The  fact  that  the 
number  of  threads  and  their  character  change  from  interval  to  interval, 
indicates  that  the  factors  causing  the  swing  of  the  bit  vary  in  consider- 
able degree.  We  are  evidently  dealing  with  some  type  of  harmonic 
motion.  Possibly  the  homogeneous  character  of  the  rock  found  in  most 
rifled  cores  is  one  of  the  principal  factors  which  permits  of  harmonic 
motion  in  the  bit.  In  considering  the  instance  where  many  threads  of 
low  pitch  appear  on  a  cross-section  of  core,  it  is  possible  at  first  sight  to 
conceive  that  the  threads  are  due  to  spiraUng  which  is  directly  propor- 
tional to  the  advance  of  the  bit,  but  in  an  instance  where  corrugations 
of  steep  pitch  are  produced,  as  No.  8,  Fig.  1,  of  Dr.  Crane's  paper,  with 
perhaps  600  revolutions  of  the  bit  to  an  advance  of  1  in.,  it  is  evident  that 
the  process  is  extremely  compUcated.  The  production  of  left-hand  core 
by  a  bit  revolving  to  the  right  is  also  a  difficult  matter  to  explain  (see 
Fig.  2). 

Consider  the  forces  that  operate  on  a  flexible  line  of  drill  rods  which 
are  revolving  rapidly.  First,  compression;  second,  torque.  The  play 
of  these  two  forces  sets  up  waves  which  have  their  lengths  parallel  but 
twisted  with  respect  to  the  drill  rods  and  with  their  crests  and  troughs  at 
right  angles  to  the  axis  of  the  hole.    The  twist  in  the  rods  is  perhaps 
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not  as  great  as  might  be  supposed,  for  when  a  bit  is  blocked  under  great 
pressure,  and  the  engine  is  stopped  and  released,  the  chuck  seldom 
revolves  back  more  than  a  turn  or  a  turn  and  a  half.  During  this  process 
the  bit  is  presumably  fast  on  bottom. 

As  the  rods  revolve,  transverse  waves  advance  down  the  rods  at  every 
azimuth,  Uke  waves  of  light.  That  waves  of  this  tjrpe  are  produced  is 
shown  by  the  whipping  out  of  uncased  holes  when  drilling  soft  iron  for- 
mation. The  samples  are  often  vitiated  in  this  manner.  Anyone  who 
will  climb  the  tripod  and  look  down  on  the  water-swivel  when  the  rods 
are  vibrating  will  see  there  a  distorted  but  nevertheless  fairly  true  pic- 
ture of  what  is  taking  place  at  the  bit  on  the  other  end  of  the  rods.  It  is 
possible  to  count  distinct  beats  in  the  play  of  the  swivel  to  and  fro  as  the 
rods  vibrate. 

The  regularity  of  the  grooving  in  the  threaded  core  indicates  that  the 
waves  producing  it  have  a  definite  time  interval  with  a  fixed  relation  to 
the  revolution  of  the  rod.  The  fact  that  all  the  stones  are  working  at 
the  same  time  does  not  present  any  particular  difficulty  when  it  is  remem- 
bered that  in  any  one  instance  of  threading  the  stones  are  always  at  fixed 
intervals  with  respect  to  the  axis  of  the  bit  and  therefore  have  a  fixed 
relation  to  any  wave  that  affects  the  bit  and  a  fixed  relation  to  the  period 
of  revolution.  In  the  instance  cited  by  Dr.  Crane  where  pentagonal  core 
is  formed,  the  time  of  vibration  must  be  nearly  a  definite  divisor  of  the 
time  of  revolution.  That  is,  during  one  revolution  of  the  bit  there 
were  approximately  five. major  wave  motions  which  produced  a  portion 
of  five  threads  on  the  core  for  a  longitudinal  distance  of  less  than  J^oo  ui- 
In  all  other  instances  where  the  pitch  is  flatter  the  ratio  must  be  more 
intricate.  When  right-handed  threads  are  produced,  the  period  of  vibra- 
tion is  incommensurable  and  in  this  instance  thereby  deferred  sUghtly 
each  time  with  respect  to  the  core  as  the  rod  revolves.  When  left- 
handed  threads  are  produced,  the  period  of  vibration  is  also  incommen- 
surable, but  in  this  case  occurs  just  an  instant  earUer  with  respect  to  the 
core  during  each  succeeding  revolution. 

Overtones 

In  wave  motions  of  this  kind  it  is  conceivable  that  there  are  over- 
tones; that  is,  if  the  period  of  one  wave  length  be  T,  then  there  are  wave 
lengths  oi}4  T,}i  T,  etc.  The  braided  threads  on  many  pieces  of  core 
are  suggestive  of  secondary  action  of  this  kind  (see  Fig.  2  of  Dr,  Crane's 
paper).  All  of  the  laws  of  resonance  and  interference  in  wave  motion 
would  enter  into  the  amount  of  play  in  the  bit  as  it  revolves.  Again, 
when  relatively  smooth  core  is  produced,  it  is  probably  the  result  of  the 
impact  of  countless  numbers  of  periodic  waves  offsetting  each  other.  4 

There  are  many  other  apparently  simple  phenomena  in  nature  which 
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are  due  to  a  combination  of  periodicities,  as  a  beam  of  light  or  the  general 
strike  of  a  complexly  folded  iron  formation. 

The  net  result  of  the  wave  motions  down  the  rods  operating  under 
the  laws  of  resonance  is  translated  into  a  wave  whose  length  is  nearly 
parallel  to  the  circumference  of  the  core  and  whose  ampUtude  is  along 
the  radius,  thus  producing  uniform  threading.  This  is  recorded  in  the 
rock  like  the  mark  on  the  indicator  card  of  an  engine.  Only  in  rare  in- 
stances do  all  the  factors  combine  under  the  laws  of  resonance  so  that  a 
deep  definite  tracing  of  the  wave  motion  is  formed. 

Mathematical  Interpretation 

We  may  attempt  to  arrive  at  a  rough  mathematical  interpretation  of 
wave  motion  at  the  end  of  a  diamond  bit  as  expressed  by  threads  in  the 
core. 

Let  B  =  the  number  of  revolutions  of  the  bit  during  any  interval  of 
advance. 
N  =  the  number  of  threads  appearing  on  the  cross-section  of  core 
F  (p)  =  some  continuous  or  discontinuous  function  of  the    pitch 
of  the  threads,  p  having  values  from  negative  to  positive 
infinity,   F  (p)  approaching  the  values  —1   and   -|-1  at 
these  ends,  and  approaching  the  value  zero  as  p  approaches 
zero,  the  value  of  p  being  related  to  the  value  of  N. 
Let  W  =  the  niunber  of  major  wave  motions  during  any  interval  of 
advance  of  the  bit,  as  indicated  by  the  threads. 
Then  W=fiiVF  (p) 

Thus  in  the  instance  where  pentagonal  core  is  formed,  and  N  equals 
5,  p  approaches  infinity  and  F  (p)  approaches  the  value  1,  if  it  be  assumed 
that  600  revolutions  of  the  bit  have  been  made  diuing  the  deUvery  of  1  in. 
of  core;  then  TF  =  5  X  600  or  3,000,  which  is  indicative  of  the  number  of 
major  vibrations  of  the  bit  with  respect  to  the  axis  of  the  core  during  its 
spiral  advance  of  1  in. 

When  the  pitch  p  is  left-handed,  F  (p)  may  be  considered  as  varying 
from  0  to  —  1 ;  when  the  pitch  is  right-handed  F  (p)  varies  from  0  to  +1. 
As  p  becomes  small  in  either  case  the  value  of  N  increases  and  W  increases 
approaching  the  case  where  many  fine  threads  of  low  pitch  are  produced; 
W  increases  greatly,  which  is  to  say  that  a  cyUndrical  core  is  formed 
when  there  are  a  large  number  of  exceedingly  small  wave  motions  of  the 
bit  to  and  fro.  Considering  an  instance  when  N  remains  constant  and 
the  threads  ultimately  coalesce  while  "p*'  decreases  in  value,  then  the 
value  of  W  decreases.  The  ultimate  end  of  this  process  is  the  production 
of  a  smooth  core  with  sHght  wave  motion  of  the  bit. 

Inspection  of  this  equation  shows  that  as  R  increases,  W  must  increase. 
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This  expresses  the  violence  of  vibration  when  harmonic  motion  of  the 
resonant  type  is  set  up  during  a  high  speed  of  revolution. 

This  mathematical  statement  is  merely  an  attempt  to  express  some 
of  the  relationships  which  appear,  by  speculating  on  the  nature  of  the 
phenomenon.  It  is  doubtful  whether  it  is  possible  to  determine  rigidly 
the  value  of  F  (p)  in  any  instance  or  to  tell  why  p  should  be  left-handed 
or  right-handed  or  to  devise  any  means  of  telling  why  iV  is  5  in  one  case 
or  9  in  another.  The  strength  of  the  rods,  the  number  and  character  of 
the  carbon,  the  way  they  are  set  with  respect  to  each  other,  the  water 
pressure  in  the  hole  as  determined  by  the  force  of  the  pump,  the  clear- 
ance of  the  bit,  etc.,  the  amount  and  character  of  the  deformation  in  the 
metal  of  the  bit  at  any  particular  time,  the  kind  of  drilling  machine,  and 
the  manner  of  its  set  up,  the  depth  drilled,  the  nature  of  the  rock,  the 
presence  of  soft  horizons  above  in  the  hole  which  may  affect  the  vibra- 
tion of  the  rods,  the  speed  of  rotation  and  the  pressure  on  the  rods— 
the  factors  which  influence  these  values  are  numerous  and  therefore 
difficult  to  analyze  into  their  true  proportions. 

Practical  Considerationa 

Dr.  Crane's  practical  appUcation  of  the  results  of  his  research  is  dis- 
couraging in  these  days  of  keen  competition  for  drilling  contracts.  I 
refer  to  the  suggestion  that  it  is  possible  to  reduce  "the  vibratory  action 
of  the  drilling  mechanism  by  reducing  the  speed  of  rotation  of  the  rods," 
An  old  drillman  in  commenting  on  this  says  that  he  can  break  up  the 
vibration  by  increasing  the  speed  of  rotation.  This  suggestion  might 
better  be  stated  thus:  The  violence  of  vibration  can  be  broken  up  by 
varying  the  speed  of  rotation. 

This  destroys  one  of  the  constant  conditions  essential  to  harmonic 
motion.  The  greasing  of  the  rods  dampens  the  wave  and  sets  up  inter- 
ference by  releasing  friction  at  antinodes  of  the  waves,  thus  destroying 
another  constant.  This  may  be  inferred  by  examining  the  line  of  greased 
rods  when  pulled  from  the  hole  and  by  observing  that  the  grease  is  worn 
clean  at  definite  intervals. 

In  making  this  comment  on  Dr.  Crane's  conclusion  I  would  not  be 
understood  as  casting  doubt  on  the  utility  of  this  type  of  research.  An 
analysis  of  all  the  conditions  which  govern  the  advance  of  a  diamond  bit 
might  enable  operators  to  control  the  direction  of  diamond-drill  holes. 
At  present  the  hole  usually  takes  its  own  direction. 

Some  practical  considerations  have  occurred  to  me  while  dealing  with 
the  subject.  They  are  no  doubt  commonplace  to  many  old  drillmen, 
but  seem  worth  recording:  When  drilhng  deep  holes  in  homogeneous 
formations,  it  will  reduce  the  carbon  wear  and  increase  the  footage  to  use 
stiff  new  rods  and  to  use  a  blank  bit  which  has  the  smallest  possible  excess 
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in  diameter  over  the  size  of  the  rods.  The  use  of  .eight  stones  in  a  bit 
rather  than  four  or  six  will  reduce  the  possibility  of  one  stone  carrying 
the  burden  of  the  work.  The  bit  should  be  reset  frequently  so  that  defor- 
mation of  the  weakened  steel  in  long-used  bits  will  be  avoided;  thus  the 
gage  of  the  hole  may  be  kept  more  accurately.  These  precautions  will 
set  up  conditions  adverse  to  the  development  of  resonant  wave  motion 
to  and  fro  in  a  bit  and  thus  tend  to  keep  it  working  straight  ahead,  which 
is  the  true  business  of  a  diamond  bit. 


The  Emerald  Deposits  of  Mu20|  Colombia 

Discussion  of  the  paper  of  Joseph  E.  Fooue,  printed  in  BriUetin  No.  1 13,  May, 
1916,  pp.  799  to  822. 

Edgar  T.  Wherry,*  Washington,  D.  C.  (communication  to  the 
Secretaryt). — Dr.  Pogue's  presentation  of  the  facts  concerning  the  emerald 
deposits  is  very  clear  and  convincing,  and  the  only  addition  that  I  can 
suggest  is  a  summary  of  previous  theories  of  origin.     He  makes  it  evident 
that  the  pegmatite  theory  is  the  only  one  capable  of  explaining  the  exist- 
ing relations,  but  upon  certain  details  there  may  be  some  difference  of 
opinion.    If  I  understand  the  term  pneumatolytic,  it  does  not  imply  that 
all  the  elements  concerned  in  a  given  deposit  were  transported  as  gases, 
but  rather  that  the  crystaUization  of  these  elements  into  the  various 
minerals  was  favored  by  the  presence  of  certain  gaseous  substances,  notably 
H2O,  COs  and  HF.     It  is  highly  improbable  that  the  oxides  of  glucinum, 
aluminum,  chromium,  and  silicon,  which  enter  into  the  composition  of 
the  mineral  emerald  could  have  been  transported  in  the  gaseous  form.    The 
same  is  true  of  the  metallic  constituents  of  the  parisite  and  other  asso- 
ciated minerals.    The  explanation  suggested,  that  solutions  separated 
into  liquid  and  gaseous  portions,  the  latter  ascending  and  forming  the 
enaerald  in  the  upper  portions  of  the  rock  only,  therefore,  seems  to  me 
untenable. 

When  two  formations  exist  side  by  side  and  one.  A,  is  mineraUzed 
iv^Iiile  the  other,  B,  is  barren,  the  possible  explanations  may  be  classed 
as  (1)  chemical,  and  (2)  physical. 

1.  Some  chemical  feature  of  A  not  found  in  B  might  have  caused 
crystallization  of  certain  minerals  in  the  former,  which  did  not  appear 
in  tlie  latter.  In  the  present  instance  both  rocks  appear  to  be  so  similar 
clieixdcally  that  no  such  effect  can  be  looked  for.  Pogue  mentions  carbon 
as  SL  jK)S8ible  precipitating  agent,  but  describes  both  formations  as  car- 
bonaceous, so  that  the  difference  in  the  minerals  of  the  two  can  not  be  thus 
explained. 

^  Assistant  Curator,   Division  of   Mineralogy  and  Petrology,    U.  S.   National 
:Museum. 
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2.  The  physical  condition  of  A  might  have  permitted  or  encouraged 
the  passage  of  the  solutions,  while  that  of  B  retarded  or  prevented  it. 
In  the  present  deposit  some  mineralization  occurs  in  both  formations, 
calcite  veins,  albite,  and  pyrite  being  found  in  both,  whereas  emerald, 
parisite,  and  a  number  of  minerals  of  minor  importance  occur  only  in  the 
upper,  A.  It  seems  to  me  that  this  difference  may  have  been  produced 
by  a  change  in  the  composition  of  the  solutions  during  the  progress  of 
mineraUzation;  at  first  these  brought  in  only  the  constituents  of  albite  and 
pyrite  and  deposited  them  with  calcite  dissolved  from  the  wall  rock,  in 
both  formations;  the  openings  in  B  became  completely  filled,  while  the 
more  numerous  or  larger  ones  which  would  naturally  have  developed  in 
il,  since  it  was  the  uppermost  formation,  remained  partially  open.  Then, 
when  during  later  phases  of  the  mineralizing  activity  the  constituents  of 
emerald  and  parisite  appeared,  they  were  deposited  only  in  A  because  B 
had  become  impermeable. 


History  of  the  Flotation  Process  at  Inspiration 

Discussion  of  the  paper  of  Rudolf  Gahl,  printed  in  BuUetin  No.  117;  September, 
1916,  pp.  1627  to  1681. 

David  Cole,  El  Paso,  Texas  (communication  to  the  Secretary*).— 
I  have  read  with  great  interest  Dr.  Gahl's  painstaking  paper  giving  us 
the  details  of  development  of  flotation  at  Inspiration,  and  it  seems  to  me 
that  he  has  covered  the  ground  so  completely  that  there  is  little  to  discuss 
or  criticize  in  connection  with  his  subject.  While  it  was  in  operation, 
the  test  mill  in  which  the  campaign  was  carried  on  was  the  Mecca  of 
mill  men  and  metallurgists.  There  was  much  to  interest  students  of 
miUing  methods  in  addition  to  the  flotation  experiments,  and  readers  of 
Dr.  Gahl's  paper  will  miss  the  information  they  hoped  to  get  when  the 
"pilot''  mill  results  were  finally  compiled,  and  I  hope  that  the  following 
remarks  outUning  from  a  distance  some  of  the  things  that  happened  there 
will  bring  forth  the  rest  of  the  story  of  the  performances  recorded  in  these 
important  experiments. 

Prior  to  the  use  of  flotation  methods  in  concentration  it  had  long  been 
recognized  that  the  "unavoidable"  losses  of  sulphides  were  in  the  slime 
which  is  inevitably  produced  in  the  grinding  operations  required  to  free 
the  minerals  to  be  separated.  Classifying  the  feed  prior  to  its  final  stage 
of  treatment  had  long  been  in  style  in  milhng.  This  assisted  the  sand- 
handling  machines  and  resulted  in  lowering  the  tailings  made  by  them, 
but  at  the  expense  of  the  slime-handling  department;  and  while  little 
was  expected  of  the  latter,  the  wisdom  of  compUcating  the  process  by 
hydraulic  classification  was  being  seriously  questioned.     Indeed,  at  the 

•  Received  July  8,  1916. 
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time  that  the  gravity  method  flowsheets  were  being  developed  for 
Inspiration  ores,  there  was  a  minor  revolution  in  milling  methods 
impending  involving  the  elimination  of  the  hydraulic  classifier.  This 
change  gave  no  promise  of  higher  extractions  but  did  promise  greater 
simplicity  and  much  less  floor  space  per  unit  of  capacity.  Such  mills 
promised  to  be  less  costly  to  build,  less  expensive  to  operate,  and 
equally  efiicient.  Wholesale  concentration  in  relatively  small  space 
would  get  as  good  results  as  piecemeal  concentration  had  been  getting 
in  the  multiple  operations  of  the  spreadout  plants  into  which  the  por- 
phyry treatment  mills  had  degenerated. 

The  one  great  drawback  was  the  sUme.  The  desiderata  of  the  engi- 
neer and  the  manufacturer  was,  on  the  one  hand,  to  provide  grinders 
which  would  produce  the  minimum  of  sUme,  and,  on  the  other  hand, 
improved  "slimers"  which  would  give  the  maximum  recovery  from  the 
finest  products.  The  technical  press  of  the  period  reflected  this  state 
of  things  in  the  advertisements  of  those  having  the  latest  novelties  to 
sell.  There  was  much  revamping  of  old  ideas  with  some  refinement,  but 
nothing  new.  Tube-mill  grinders  were  ''taboo''  for  concentration, 
because  they  had  a  bad  reputation  as  slimers.  Automatic  canvas  plants 
were  being  exploited  and  very  ingenious  multiple-deck  table  devices 
were  being  offered  as  the  remedy — ^the  only  possible  remedy. 

Looking  backward  no  further  than  1912,  when  Inspiration  began  to 
study  its  milling  problems,  we  now  see  that  we  were  without  effective 
resource  in  treating  real  sulphide  slimes.  Mr.  Callow's  investigations 
and  experiments  had  apparently  demonstrated  that  some  departure  from 
the  usual  gravity  practice  would  be  advantageous  and  that  a  high  recov- 
ery for  that  method  would  be  possible  on  the  granular  material,  but  he 
threw  small  light  on  slime  treatment.  This  was  the  situation  when  the 
Inspiration  company  was  endeavoring  to  determine  its  mill  treatment 
scheme. 

After  reviewing  from  every  angle  the  results  of  experiments  on  the  ore 
and  other  information  available,  a  modified  flowsheet  was  finally  crystal- 
lised by  Mr.  Burch  and  adopted  by  the  management.  Mill  plans  were 
drawn  for  what  was  to  be  a  most  highly  developed  7,000  tons  per  day 
gravity  process  plant,  and  work  was  immediately  inaugurated  to  carry 
out  these  plans.  The  mill  site  was  selected,  and  much  active  work  had 
been  prosecuted  before  flotation  (by  this  time  being  hastily  tried  in  the 
old  experimental  plant)  had  so  far  won  its  battle  that  results  could  be 
viewed  otherwise  than  probably  too  good  to  be  true. 

The  apparent  promises  of  flotation  were  extremely  attractive,  because 
the  process  would  be  simple  and  would  solve  the  all-important  slime 
problem.  The  process  would  have  a  greatly  reduced  number  of  stages; 
the  plant  would  be  much  smaller  per  unit  of  capacity;  the  cost  of  con- 
struction per  unit  of  capacity  would  probably  be  very  muph  less:  the 
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use  of  water  would  be  minimized;  grinding  would  have  to  be  carried 
further  than  usual,  and  would  be  the  main  item  of  milling  cost,  but  this 
was  not  a  very  great  handicap  because  sliming  did  not  matter.  What 
system  of  grinding  would  be  best  to  use  and  what  is  the  best  machine? 
Would  it  be  possible  to  parallel  the  small  test-mill  metallurgical  results 
on  a  full-tonnage  basis,  and  finally  would  it  not  be  too  hazardous  to 
accept  so  revolutionary  a  process  with  so  much  experiment  in  its  makeup? 

The  mine  preparation  program  which  had  been  settled  upon  would 
produce  about  600  tons  daily  of  freshly  broken  ore  directly  from  the  head- 
ings. This  happened  to  be  the  rated  capacity  of  a  full-sized  Minerals 
Separation  unit  which  the  flotation  people  were  urging  as  a  means  of 
improving  their  extraction.  If  this  ore  from  the  headings  were  put  in 
stock  pile  in  the  usual  way,  pending  the  completion  of  the  milling  plant, 
the  ore  would  oxidize  to  some  extent  and  besides  would  involve  reclaim- 
ing expense  later  on.  Why  not  mill  it  all  as  fast  as  produced,  in  a  real 
"pilot''  mill,  wherein  not  only  flotation  problems,  but  grinding  problems, 
power  consxmiption,  use  of  water,  preparation  of  sticky  concentrates, 
and  other  vital  questions  which  might  come  up  could  be  definitely  threshed 
out  imder  what  would  be  regular  commercial  conditions  on  full-sized 
machines?  In  this  size  of  "pilot"  operations,  labor  would  be  used  eco- 
nomically and  production  would  almost,  if  not  quite,  pay  all  of  the  cur- 
rent expenses,  except  the  mining  cost. 

This  program  was  adopted.  That  the  decision  to  carry  it  out  was  a 
wise  one  is  shown  in  Dr.  Gahl's  paper,  and  that  it  paid  its  way  is  shown 
by  Mr.  Mills'  annual  report  for  1915,  in  which  he  says:  "Contrary  to  the 
usual  experience,  this  test  mill  paid  the  cost  of  its  construction,  its  opera- 
tion expense,  the  present  average  mining  cost  on  ores  treated,  and  some- 
thing besides,  and  has  been  written  off  the  books." 

Anybody  with  a  real  idea  applicable  to  the  problem  could  get  a  hear- 
ing and  a  tryout  in  this  extremely  practical  commercial  sized  laboratory 
where  sampling  was  in  the  hands  of  engineers  and  the  results  were  com- 
piled in  a  way  to  make  them  comparative  and  valuable.  Thousands 
of  dollars  were  spent  by  the  company,  by  inventors,  and  manufacturers 
in  demonstrations.  Expense  was  subordinated.  Heavy  shipments  by 
express  were  made  when  necessary  to  hasten  the  work,  and  much  more 
than  flotation  was  developed  in  this  "pilot"  plant. 

Four  different  types  of  Symons  crushers  and  pulverizers  were  tried. 
Three  of  these  were  marked  and  very  interesting  departures  from  ordinary 
practice.  The  company  had  purchased  the  Harding^  mill  patent  liglits 
for  Arizona  and  four  forms  of  this  mill  were  installed  to  determine  tlie 
best  to  use,  and  these  were  kept  busy  during  nearly  the  whole  campaign. 
A  long  parallel  tube  mill  was  installed  and  run  in  competition  with  the 
Hardinge  mill.  A  high-speed  Huntington-type  grinder  at  one  tixae 
attracted  much  interest.    Hammer  pulverizers  of  two  different  makes 
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were  also  tested.  Various  linings  and  grades  of  flints  were  tried  in  the 
pebble  mills.  Steel  balls  in  place  of  pebbles  were  advocated  and  a  carload 
purchased. 

In  the  latter  part  of  the  testing  period  the  Marcy  type  of  ball  mill, 
especially  designed  for  using  iron  balls  larger  than  usual,  and  adapted  to 
crush  from  breaker  sizes  to  48-mesh  in  closed  circuit  in  one  operation, 
was  installed  and  perfected.  This  grinder  proved  capable  of  a  greater 
range  of  reduction  than  had  previously  been  thought  possible,  from  an 
initial  feed  as  coarse  as  3-in.  cubes.  It  is  a  ball  mill  pure  and  simple, 
having  large  capacity  in  small  space.  It  makes  use  of  a  perforated 
diaphragm  to  keep  the  balls  and  charge  inside  of  the  mill  until  the  latter 
will  pass  a  Me-i^-  opening,  and  it  has  the  equivalent  of  a  peripheral 
discharge.  An  overflow  classifier  determines  the  fim'shed  size  and  the 
oversize  is  continually  returned  to  the  grinding  chamber.  This  mill  uses 
little  water  in  the  grinding  chamber,  so  that  its  charge  of  ore  is  mortar 
like  in  consistency.  It  was  quite  successful.  There  was  nothing  in 
the  Hardinge  equipment  to  parallel  it  because  the  Hardinge  mills  were 
built  for  pebble  mills  and  did  not  have  feed  scoops  or  openings  adapted 
to  handle  as  coarse  a  feed,  and  the  linings  would  not  stand  up  under  the 
ball  load.  Would  the  Hardinge  machines  when  built  as  a  ball  mill  with 
the  required  strength,  type  of  lining,  size  of  feed  and  discharge  openings, 
do  as  well?  To  wait  for  a  mill  to  be  made  over  or  a  new  one  manufac- 
tured would  take  too  long,  so  the  Marcy  type  was  adopted  and,  contrary 
to  what  I  think  is  the  popular  impression,  the  conical-type  steel-ball  mill 
vs.  the  Marcy-type  steel-ball  mill  did  not  receive  a  tryout. 

Recording  electric  instruments  were  installed  so  that  accurate  power 
records  could  be  continually  made  while  the  various  machines  were  being 
operated. 

Several  varieties  of  drag  and  rake  classifiers  and  two  types  of  vacuum 
filters  were  installed  and  records  made.  The  efficacy  of  high-reduction 
herringbone  gears  driving  ball  and  tube  mills  became  a  matter  of  interest 
on  account  of  the  troubles  that  developed  in  them,  and  the  reasons  for 
these  troubles,  which  would  make  a  story  by  itself  when  discovered. 

This  testing  work  grew  into  a  process  of  elimination  and  the  scrap 
pile  grew  steadily.  Some  blasted  hopes  may  be  buried  there,  but  it  does 
not  follow  that  all  of  the  machines  or  materials  that  were  returned 
to  the  sponser  or  that  foimd  their  way  to  the  scrap  heap  were  entirely 
unfit.  It  was  necessary  to  choose  and  to  discard,  and  that  there  is  no 
acrimony  in  connection  with  the  matter  speaks  well  for  the  type  of  justice 
and  judgment  that  prevailed.  Doubtless  the  use  of  some  discarded 
things  might  have  answered  as  well,  but  it  would  be  hazardous  indeed 
to  say  that  anything  vital  on  the  score  of  cost  or  recovery  of  values  failed 
to  receive  recognition  in  the  final  selection.  One  of  my  mental  offspring 
was  among  the  fallen.     It  held  out  for  a  long  time  and  I  gi^eatly  appre- 
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ciate  the  favorable  mention  which  Dr.  Gahl  has  made  of  it.  I  would  have 
been  pleased  to  pursue  its  development  further,  but  I  can  not  at  this  tune 
see  where  its  adoption  would  have  saved  any  more  copper  or  any  more 
money  in  getting  the  copper  than  the  ones  that  were  selected,  and  I  think 
this  will  apply  to  all  the  "late  lamented"  concerned  in  the  campa^i 
that  was  carried  on.  In  other  places  and  on  other  ores  the  conditions 
would  not  be  the  same.  The  ratio  of  concentration,  or  the  cnishability 
factors  particularly,  may  so  change  conditions  as  to  indicate  the  use  of 
ideas  that  were  discarded  at  the  Inspiration  test  mill. 

When  the  comprehensive  plan  of  testing  on  a  large  scale  was  decided 
upon,  I  think  Dr.  Ricketts  and  Mr.  Mills  recognized  that  the  records  made 
might  be  extremely  valuable  to  engineers  and  metallurgists,  and  I  beUeve 
the  matter  of  writing  the  story  of  the  campaign  was  considered  and  that 
records  were  started  with  that  ultimate  end  in  view.  Experience  added 
to  theory  is  more  valuable  than  theory  alone;  the  scrap  heap  more  eloquent 
than  the  machine  promotor,  and  the  wornout  unit  in  the  "bone  yard" 
is  often  more  interesting  than  the  one  shown  on  the  original  blue  print. 
It  is  seldom  indeed  that  experiments  are  possible  under  such  auspices 
and  on  such  an  extensive  scale  as  those  carried  out  in  the  Inspiration 
"pilot"  mill,  and  I  hope  that  Mr.  Burch  or  Dr.  Gahl,  or  both  of 
them,  will,  with  the  approval  of  the  Inspiration  company,  find  time  and 
inclination  at  an  early  date  to  prepare  a  paper  or  papers  which  will  extend, 
through  the  Transactions j  the  value  of  these  experiences  to  our  members. 

Referring  to  the  final  flowsheet  adopted,  I  note  that  hydraulic  classi- 
fication had  no  place  in  the  600-ton  "pilot"  mill  experiments  which  Dr. 
Gahl  has  so  interestingly  described,  and  I  note  that  he  has  not  referred 
to  the  reason  for  retaining  this  remnant  of  the  old  system  of  concentration 
in  the  flow  sheet. 

I  note  that  3  tons  of  water  per  ton  of  ore  handled  is  required  in  the 
flotation  operation  and  that  3  tons  more  is  added  in  the  subsequent  table 
treatment  which,  of  course,  includes  the  hydraulic  classification  operation 
practiced,  and  I  presume  that  something  more  than  one-half  of  the  last 
3  tons  is  added  in  the  classifiers  themselves;  and  since  the  water  is  clarified 
and  returned,  the  addition  of  unnecessary  water  would  entail  expense  for 
clarification  and  pumping  which  would  not  be  required  if  less  water 
were  used. 

In  my  work  in  the  concentration  of  ores  I  have  not  been  able  to 
become  very  enthusiastic  over  hydrauUc  classifiers,  and  since  flotation  has 
come  to  the  rescue  of  the  slimed  sulphide  I  find  myself  less  enthusiastic 
than  ever  over  their  use. 

When  I  was  a  lad  in  the  Black  Hills  I  was  fascinated  in  watching  a 
certain  mountain  spring  in  which  polished  micaceous  particles  glistening 
in  the  sunlight  would  be  caught  in  the  current  rising  from  an  orifice  in 
the  bottom  of  the  sand  funnel  and  be  flirted  to  the  surface,  sail  across  the 
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crater  and  fall  upon  the  conical  sides  to  be  again  methodically  returned 
over  the  same  route.  It  was  interesting  to  watch  the  disturbance 
caused  by  dropping  a  handful  of  foreign  sand  and  silt  into  the 
funnel  and  have  it  "classified"  and  washed  clean,  a  new  form  of  crater 
finally  being  established  with  the  changes  of  average  sizes  retained. 
My  first  contact  with  hydrauUc  sizing  in  concentration  was  studied  from 
that  foundation.  The  spring  took  its  time  to  do  a  good  job;  it  worked 
the  charge  over  repeatedly.  All  the  silt  went  out  quickly  and  the  fines 
gradually  went  overboard  with  a  rapidly  decreasing  ratio,  until  the  crater 
would  settle  down  again  to  its  regular  work  of  turning  the  mobile  contents 
over  and  over  in  a  new  condition  of  equilibrium.  But  I  soon  learned  that 
the  beauty  was  all  taken  out  of  the  process  in  its  commercial  application. 

The  process  witnessed  in  the  action  of  the  spring  was  balanced, 
precise,  and  definite,  and  quite  at  variance  with  what  we  witness  in  watch- 
ing through  glass  the  operations  going  on  in  a  ''teeter  chamber"  of  the 
metallurgical  hydraulic  classifier,  which  seems  to  me  to  be  of  little  value 
except  in  its  office  of  washing  out  the  slimes  which  used  to  be  the  main 
source  of  the  loss  in  treating  unclassified  material  upon  concentrating 
tables. 

Following  the  thorough  combing  out  of  the  slimed  values  as  effected 
by  the  splendid  flotation  treatment  that  the  pulp  has  previously  received 
in  the  Inspiration  final  flowsheet,  I  am  inclined  to  question  the  value  of 
the  subsequent  classification  by  hydraulic  means.  I  note  that  the  flota- 
tion tailing  is  split  into  slime  and  sand  at  the  drag  belts,  that  there  is 
very  little  slime  left  in  the  sand  portion,  and  that  what  little  there  is 
(on  account  of  the  previous  frothing)  is  completely  devoid  of  value  which 
the  tables  can  save,  as  indicated  by  the  fact  that  the  main  slime  overflow 
of  the  drag-belt  separators  is  discharged  to  waste  without  further  treat- 
ment. It  seems  to  me  that  it  ought  to  be  possible  to  eliminate  the  classi- 
fiers, and  I  would  like  to  ask  Dr.  Gahl  if  there  has  been  any  trial  to 
determine  what  happens  when  the  previously  frothed  sand  feed  is  put 
upon  the  tables  for  final  treatment  without  hydraulic  sizing  separation. 


Comparative  Friction  Test  of  Two  Types  of  Coal-Mine  Cars 

DiacojBsion  of  the  paper  of  P.  B.  Liebbbmann,  printed  in  BnUetin  No.  114,  June, 
1916,  pp.  1057  to  1065. 

Edwin  M.  Chance,  Wilkes-Barre,  Pa.  (communication  to  the  Secre- 
tary*).— ^I  have  read  with  great  interest  Mr.  Liebermann's  paper  report- 
ing dynamometer  tests  of  mine  cars  and  wish  to  express  my  appreciation 
of  this  investigation.  The  coal-mining  industry  needs  just  such  precise 
study  of  the  problems  with  which  it  is  confronted. 

♦  Received  June  24,  1916. 
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It  would  seem,  however,  that  the  writer  has  demonstrated  that  a 
high-grade  grease  is  superior  to  black  oil  as  a  mine-car  lubricant  rather 
than  that  roller-bearings  are  superior  to  plain.  While  it  is  reasonable 
to  believe  that  roller  bearings  will  cause  less  friction  than  plain  when 
used  on  the  trucks  of  mine  cars,  still  this  point  can  not  be  conceded  on  the 
strength  of  the  tests  quoted,  for  in  these  tests  grease  was  the  lubricant  of 
the  roller  bearings,  while  the  usual  black  oil,  of  low  lubricating  value,  was 
the  lubricant  of  the  plain  bearings.  Under  these  conditions,  a  case  is 
made  for  the  lubricant  rather  than  for  the  bearings. 

Some  time  ago  certain  of  the  coal  mining  companies  with  which  I  am 
associated,  called  upon  me  to  have  a  high-^ade  grease  prepared  for  them 
for  use  in  plain  mine-car  bearings.  This  problem  was  successfully  solved 
and  this  lubricant  has  now  been  in  use  for  some  years.  The  fact  has 
been  established  that  the  ordinary  plain  mine-car  journals  are  espedally 
susceptible  to  such  a  lubricant  and  that  its  use  greatly  decreases  the 
drawbar  pull  of  these  cars.  The  fact  must  be  borne  in  mind,  however, 
that  the  exigencies  of  this  service  require  a  special  grease  and  that  the  use 
of  the  ordinary  grades  of  cup  grease  will  surely  spell  disaster. 

It  would  be  indeed  interesting  to  have  tests  of  the  same  degree  of 
precision  as  those  reported  made  upon  cars  with  plain  bearings  lubricated 
with  black  oil  and  special  mine-car  grease  and  to  compare  the  latter  with 
tests  under  like  conditions  made  upon  cars  equipped  with  roller  bearings. 

Charles  Legrand,  Douglas,  Ariz,  (conmiimication  to  the  Secre- 
tary*).— Mr.  Liebermann's  paper  on  friction  tests  of  two  types  of  coal- 
mine cars  is  very  interesting.  It  is  a  pity  that  the  dynamometer  car  was 
not  designed  for  use  on  tracks  of  18  to  24  in.,  as  this  is  the  most  usual 
gage  in  metal  mines  in  this  part  of  the  country. 

I  have  tried  to  make  tests  by  means  of  an  ordinary  spring  dynamome- 
ter and  find,  as  stated  by  Mr.  Liebermann,  that  this  method  is  very 
unsatisfactory,  as  the  conditions  of  mine  tracks  are  too  variable  to 
produce  a  steady  pull  on  the  dynamometer.  It  would  be  very  valuable 
to  the  mining  industry  to  have  accurate  tests  taken  on  narrow-gage  track, 
to  determine  not  only  bearing  friction,  but  the  total  track  resistance. 
Such  tests  would  convince  the  mine  managers  that  it  pays  to  lay  heavy 
tracks  and  keep  them  in  good  condition. 

Personally,  I  have  always  been  in  favor  of  the  roller  bearing,  not  onl^r 
on  account  of  its  lower  friction  but  also  on  account  of  its  smaller  main- 
tenance and  lubricating  costs.  To  be  successful,  however,  this  type  of 
bearing  has  to  be  dustproof .  On  a  narrow-gage  car  this  is  usually  done 
by  inclosing  the  whole  axle  in  a  casting  which  also  supports  the  two 
bearings.  This  casting  acts  as  an  oil  reservoir  and  permits  the  car  to 
be  run  a  whole  month  with  one  oiling. 

*  Received  July  5,  1916. 
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I  hope  that  Mr.  Liebermann  will  continue  his  work  and  make  tests 
of  the  narrow-gage  cars. 

John  Phillips,  Pittsburgh,  Pa.  (conimunication  to  the  Secretary*). — 
I  am  familiar  with  the  test  made  by  the  Greensburg  Coal  Co.  and  de* 
scribed  in  Mr.  Liebermann's  interesting  paper,  although  I  was  not 
personally  present.  Mr.  Liebermann's  results  on  the  Hockensmith  plain- 
bearing  wheels  compare  closely  with  tests  which  have  been  made  else- 
where and  show  a  considerable  saving  in  favor  of  the  roller  bearings. 
However,  as  the  grade  increases,  the  ratio  in  favor  of  the  roller  bearings 
decreases  until,  on  a  4  per  cent,  grade,  their  efficiency  is  only  11  per  cent, 
greater  than  that  of  the  plain  bearings,  as  shown  by  the  following  official 
figures  of  the  Hyatt  company: 

Teat,  Oct.  3,  1915 

Pounds 

Weight  of  car 2,650 

Weight  of  coal 4,600 

Total 7,150 

Weight  of  20  cars  loaded,  2.4  per  cent,  grade  average. .     71.5  tons. 

Correction 48  lb.  per  ton. 

71.5X48 -3,4321b. 

4,280  5,190 

'  4,350  5,070 

4,410  5,250 

3)13,040  3)15,510" 

4,347  Hyatt  5,170  plain 

4,347  5,170 

3,432  3,432 

915  1,738 

915 
Frictional  resistance  for  Hyatt,  y^-g  -  12.8  lb.  per  ton. 

1  738 
Frictional  resistance  for  plain  bearings,  -ij-g  =  24.3  lb.  per  ton. 


Dnwbar,  Pounda  per  Ton 

Grade, 
Per  Cent. 

Per  Cent. 
Saving 

Percentage  Cars  Poa- 

aible  toAdd  in  Case 

of  Roller  Bearings 

RoUer  B«ariiigB           |    Plain  Bearin<s 

12.8 
82.8 
52.8 
72.8 
02.8 

24.3 
44.3 
64.3 
84.3 
124.3 

level 

1 
2 
3 

4 

47H 
26.0 
17.9 
13.6 
11.0 

90.0 
35.0 
21.8 
15.8 
12.4 

It  will  be  noticed  that  all  the  readings  were  taken  on  a  straight  track 
on  an  average  grade  of  2.4  per  cent.  Had  any  of  the  readings  been  taken 
on  a  curve,  we  are  confident  that  the  drawbar  pull  on  both  the  roller 


*  Received  July  10, 1916. 
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bearings  and  the  plain  bearings  would  have  been  considerably  higher 
when  the  train  was  rounding  the  curve,  because  the  axles  of  the  Hocken- 
smith  trucks  are  of  straight  cold-rolled  steel  without  collars,  and  in  round- 
ing the  curve  the  car  naturally  shifts  against  the  inside  wheel.  The 
rear  hubs  of  the  wheels  are  necessarily  large  in  order  to  admit  the  bearings, 
and  the  large  hub  grinding  against  the  box  creates  considerable  friction, 
which  would  increase  the  drawbar  pull  on  a  curve. 

Records  of  three  tests  conducted  by  the  Engineering  Department  of 
the  Kttsburgh  Coal  Co.,  on  three  different  types  of  wheels,  are  given 
below.  At  Essen  No.  3  mine,  the  Jarvis  Adams  roller  bearings  were 
used;  at  the  Champion  mine,  Eureka  wheels  and  angle-bar  trucks  (the 
wheels  being  similar  to  the  plain-bearing  wheels  used  in  the  Greensburig 
test),  and  at  the  Dickson  mine,  our  open-cap  wheel  trucks.  InaBmuch 
as  the  drawbar  pull  on  the  Hockensmith  plain-bearing  wheels  at  Cham- 
pion agrees  very  closely  with  the  results  on  the  Hockensmith  plain 
bearings  at  Greensburg,  the  results  may  be  taken  as  approximately  cor- 
rect, and.  show  the  following  comparison: 

Hyatt  roller  bearings  at  Greensburg 12.8    lb,  per  ton. 

Jarvis  Adams  roller  bearings  at  Essen  No.  3 15.14  lb.  per  ton. 

Open-cap  trucks,  Dickson  mine 18.48  lb.  per  ton. 

Hockensmith  plain  bearings,  Champion  mine 24.40  lb.  per  ton. 

Hockensmith  plain  bearings,  Greensburg 24.30  lb.  per  ton. 

The  figures  on  the  Hyatt  bearings  were  lower  than  we  anticipated, 
as  we  had  always  supposed  that  the  Jarvis  roller  bearings  when  new  and 
in  good  :;ondition  were  the  easiest  running  on  the  road.  Our  open-cap 
truck  costs  about  the  same  as  the  Hockensmith  angle-bar  truck,  but  runs 
about  25  per  cent,  easier.  The  cost  of  the  roller-bearing  truck  is  about 
$10  to  $12  per  car  more  than  our  truck,  and  on  the  basis  of  the  Greens- 
burg figures  runs  about  30  per  cent,  easier. 

From  the  above  data,  I  think  that  it  is  safe  to  say  that  it  would  be 
well  for  Mr.  liebermann,  or  some  person  equally  well  qualified  to  carry 
out  this  class  of  tests,  to  pursue  it  much  further,  both  sa  to  different 
kinds  of  wheels,  and  to  the  character  of  roads,  which  would  include  dif- 
ferent grades  and  varied  curvature,  before  a  thorough  comparison 
could  be  made  and  a  conclusion  arrived  at  that  would  be  entirely 
satisfactory. 
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THE  ARIZONA  MEETING 

A  full  account  of  the  wonderful  Arizona  meeting  will  be  published  in 
the  December  Btdlelin.  For  the  strenuous,  interesting,  and  altogether 
happy  week,  we  express  our  hearty  thanks  to  those  marvels  of  energy 
and  thoughtfulness,  the  members  of  the  local  committees  in  Texas,  New 
Mexico  and  Arizona. 

In  this  number  we  publish  the  discussion  resulting  from  the  technical 
session  on  ''flotation."  Because  of  the  timeliness  of  the  subject,  this 
session's  discussion  was  transcribed  first  and  sent  to  the  contributors, 
andy  thanks  to  their  promptness  in  revising,  we  are  able  to  print  it  in  this 
issue. 


MANUSCRIPT  CLOSING  DATE  FOR  THE  NEW  YORK 
MEETING,  1917 

The  114th  (New  York)  Meeting  of  the  Institute  will  be  held  in  the 
third  week  of  February,  1917.  The  committee  on  Papers  and  Publica- 
tions ha^.set  Dec.  1, 1916,  as  the  closing  date  for  the  receipt  of  manuscripts 
intended  for  this  meeting. 

Manuscripts  must  be  received  by  the  Secretary  on  or  before  this  date. 
If  they  are  sent  through  members  of  the  technical  committees  they  must 
be  sent  to  those  committees  enough  in  advance  of  the  time  to  be  forwarded 
and  in  the  hands  of  the  Secretary  by  the  time  specified. 
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While  Dec.  1, 1916,  is  the  final  closing  date,  it  is  a  great  advantage  to 
get  papers  in  as  much  before  that  time  as  possible  as  it  enables  them  to  be 
submitted  in  proof  form  to  their  authors.  Papers  received  on  or  before 
Nov.  1, 1916,  will,  as  far  as  possible,  be  pubhshed  in  the  January  Bulletin 
or  earlier,  thus  giving  good  distribution  among  the  members  in  advance 
of  the  meeting. 

The  Institute's  records  show  that  the  discussion  of  papers  is  very 
much  better  when  they  are  distributed  somewhat  in  advance  of  the  meet- 
ing instead  of  in  the  Bulletin  which  goes  out  immediately  preceding  the 
meeting. 


COMMITTEE  ON  INDUSTRIAL  PREPAREDNESS 

The  work  of  the  Committee  on  Industrial  Preparedness*  is  well 
summed  up  in  the  following  letter  written  by  Thomas  A.  Edison,  Chair- 
man of  the  Naval  Consulting  Board,  after  President  Wilson  had  signed 
the  army  appropriation  and  army  reorganization  bills: 

"The  Ck>mmittee  on  Industrial  Preparedness  of  the  Naval  Consulting  Board, of 
which  committee  Howard  E.  Coflfin  is  chairman,  after  a  five  months'  campaign  in 
many  ways  unique  in  vigor  and  vision^  has  played  a  very  definite  part  in  the  measures 
for  the  national  defense  which  have  just  become  law.  It  is  responsible  for  having 
laid  the  foundation  for  a  true  industrial  preparedness  in  this  nation. 

"Five  months  ago  the  committee,  wholly  non-partisan  in  make-up^  acting  with 
the  civil,  mechanical,  mining  and  electrical  engmeers  and  the  chemists  of  the  country, 
members  of  five  great  scientific  bodies,  began  its  work  in  every  nook  and  cranny  of 
the  land.  Tlie  purpose  was  to  prepare  American  industry  efficiently  to  support  the 
armed  forces  of  America  in  the  event  of  war. 

"  The  public,  the  business  men  and  the  legislators  at  Washington  knew  little  regard- 
mg  the  denuinas  on  industry  in  connection  with  modem  war.  No  department  at 
Washington  was  charged  with  the  duty  of  coordinating  the  needs  of  the  army  and  navy 
with  transportation,  mdustry,  and  kindred  functions.  The  purchasing,  quartermas- 
ter's and  ordnance  departments  of  the  army  and  navy  were  imable  to  buy  military 
supplies  except  by  competitive  offering  in  the  open  market.  No  one  had  considered 
the  need,  and  no  legislative  machinery  was  in  existence,  for  preventing  the  presence 
of  skilled  workers  on  the  fighting  front  when  they  would  in  time  of  war  be  needed  in 
the  factories,  mills  and  mines  of  the  country.  Neither  at  Washington  or  elsewhere 
was  there  even  a  list  of  the  industrial  resources  of  the  nation  in  such  shape  as  could  be 
used  for  practical  purposes  in  case  war  should  come. 

"The  three  thmgs,  then,  that  the  committee  headed  by  Mr.  Ck>ffin  set  out  to  do 
and  that  now  have  been  brought  about  were  as  follows:  Fu^,  to  mobilize  concretely 
the  business  men  of  America  and  their  output  against  a  day  of  need.  This  meant 
chiefly  to  discover  in  fullest  dbtail  just  what  equipment  our  manufacturers  posse^ied 
that  might  be  swung  over  to  supply  the  army  and  navy  swiftly  and  bountifully  from 
the  hour  the  colors  were  raised.  In  a  few  weeks  this  initial  task,  which  has  Deen  a 
truly  colossal  one,  will  be  at  an  end.  A  complete  report  of  the  equipment  of  prac- 
ticauy  every  concern  of  substantial  size  in  the  country  is  now  in  the  hands  of  -the 
committee.  Directly  in  charge  of  the  great  inventory  has  been  W.  S.  Gifford,  Sup- 
ervismg  Director  of  the  Committee. 

"The  second  step  was  to  procure  legislation  making  possible  the  placing  b^  the 
war  and  navy  departments  of  annual  orders  for  mumtions  in  small  quantitiea  to 
American  manufacturers  now  not  producing  such  things,  so  that  quietly,  effieiently 
and  thoroughly  they  could  learn  in  time  of  peace  how  to  supply  the  govemmexit  in 
time  of  war.  The  new  laws  make  all  this  possible.  It  should  be  said  here  that  this 
practice  will  bring  about  a  geographical  diffusion  of  munition  plants  all  over  our 
country,  instead  of  affording  us  only  a  few  such  concerns  for  the  most  part  near  the 
exposed  seaboards,  as  at  present.  It  is  obvious  that  this.system  will  also.throttle  all 
talk  of  a  munitions  trust. 

"Further  to  teach  manufacturers  how  to  produce  munitions,  the  army  appropria^ 
tion  bill  permits  the  purchase  of  'gauges,  dies,  jigs,  tools,  fixtures,  and  other  special 

♦  See  BuUetin  No.  113,  p.  vi  (May,  1916). 
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aids  and  appliances,  including  specifications  and  detailed  drawings  necessary  for  the 
manufacture  by  the  government  and  by  private  manufacturers  of  ammunition  nee- 
essaryfor  the  use  of  the  land  forces  of  tne  United  States  in  time  of  war/ 

"The  third  step  was  to  cause  skilled  labor  in  America  to  be  enrolled  in  an  industrial 
reserve.  For,  as  Mr.  Coffin  has  repeatedly  told  the  country,  it  takes  but  ten  or  twelve 
months  to  turn  out  a  soldier,  but  ^rears  to  make  a  tool-maker.  All  this  is  provided 
for  in  the  army  reorganization  bill  just  signed. 

''At  the  same  time  there  has  been  created  the  Council  of  National  Defense,  com- 
posed of  the  secretaries  of  war,  navy,  interior,  agriculture,  commerce,  and  labor, 
and  seven  civilians,  each  eminent  in  his  respective  field,  and  each  to  serve  the  govern- 
ment of  the  United  States  without  pay,  as  we  on  the  Naval  Consulting  Board  have 
been  doing. 

"Part  of  the  new  act  reads — ^and  everv  American  citizen  should  know  about  it — 

That  it  shall  be  the  duty  of  the  Council  of  National  Defense  to  supervise  and  direct 
investigations  and  make  recommendations  to  the  President  and  the  heads  of  execu- 
tive departments  as  to  the  location  of  railroads  with  reference  to  the  frontier  of  the 
United  States  so  as  to  render  possible  expeditious  concentration  of  troops  and  supplies 
to  points  of  defense;  the  codrdination  of  military,  industrial  and  commercial  pu^oses 
in  the  location  of  extensive  hiehwa^  and  branch  lines  of  railroads:  the  utilization  of 
waterways;  the  mobilization  en  mihtary  and  naval  resources  for  defense;  the  increase 
of  domestic  production  of  articles  and  material  essential  to  the  support  of  armies  and 
of  the  people  during  the  interruption  of  foreign  commerce;  the  development  of  sea- 
going transportation  J  data  as  to  amounts,  location,  method  and  means  of  production, 
and  availability  of  military  supplies;  the  giving  of  information  to  producers  and  manu- 
facturers as  to  the  class  of  supplies  needed  by  the  military  and  other  services  of  the 
Government,  the  requirements  relating  thereto,  and  the  creation  of  relations  which 
will  render  possible  in  time  of  need  the  immediate  concentration  and  utilization  of  the 
resources  of  the  Nation. 

"The  work  of  the  Committee  on  Industrial  Preparedness  will  almost  surely  be 
turned  over  to  the  new  Council,  the  committee's  remarkable  constructive  programme 
being  in  effect  already  an  accomplished  fact.  With  this  accomplishment  comes  not 
merely  a  better  understanding  oetween  the  business  men  of  America  and  their 
government  but  it  marks  almost  dramatically  the  entrance  of  the  trained,  non-par- 
tisan engineer,  doing  his  job  on  the  sole  basis  of  efficiency,  integrity  and  Americanism, 
into  the  affairs  of  government. 

"But  the  greatest  services  which  the  committee  has  rendered  to  our  people  and 
government  has  been  to  drive  home  the  vital,  irresistible  truth  that  in  war  as  now 
wa^ed,  battles  are  won  not  alone  by  fighting  men  but  by  the  fighting  industries  of  a 
nation." 

The  prominent  business  men  and  engineers  composing  the  Committee 
on  Industrial  Preparedness  are:  Chairman,  Howard  E.  Coffin,  Vice- 
President  of  the  Hudson  Motor  Car  Co.;  Thomas  Robins,  President  of  the 
Robins  Conveying  Belt  Co.,  and  Secretary  of  the  Naval  Consulting 
Board;  B.  G.  Lamme,  Chief  Engineer  of  the  Westinghouse  Electric  and 
Manufacturing  Co.;  WilUam  L.  Saunders,  President  of  the  Ingersoll-Rand 
Co.,  and  Second  Vice-Chairman  of  the  Naval  Consulting  Board;  Lawrence 
Addicks,  Consulting  Engineer;  William  LeRoy  Emmet,  Mechanical 
Cn^neer  of  the  General  Electric  Co.,  Schenectady,  N.  Y.,  and  Benjamin 
B.  Thayer,  Vice-President  of  the  Anaconda  Copper  Mining  Co. 


EI«^GINEERS  COMBINE  WITH  SCIENTISTS  IN  ORGANIZATION 
OF  NATIONAL  RESEARCH  COUNCIL 

Arrangements  have  been  completed  in  New  York  whereby  the  re- 
sources of  The  Engineering  Foundation,  under  the  auspices  of  the  four 
principal  national  engineering  societies,  are  placed  at  the  disposal  of  the  Na- 
tional Research  Council,,  which  was  appointed  by  the  National  Academy  of 
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Sciences*  at  the  request  of  President  Wilson.  The  object  of  the  Council 
is  to  co5rdinate  the  scientific  research  work  of  the  country  in  order  to 
secure  efficiency  in  the  solution  of  the  problems  of  war  and  peace.  The 
CouncU  was  without  funds  until  The  Engineering  Foundation,  established 
to  further  scientific  and  engineering  research,  offered  to  place  its  resources 
at  the  CouncU's  disposal,  including  the  services  of  its  secretary,  Dr. 
Gary  T.  Hutchinson,  to  act  as  secretary  of  the  Council.  The  offer  was 
accepted  and  plans  for  immediate  activities  have  been  placed  in  the  hands 
of  an  executive  committee. 

In  indicating  how  thoroughly  every  branch  of  science  and  engineering 
is  represented.  Dr.  George  E.  Hale,  Director  of  the  Mt.  Wilson  Solar 
Observatory,  and  Chairman  of  the  Council,  when  he  was  in  New  York 
attending  to  the  details  of  the  arrangement,  called  attention  to  the 
personnel  of  the  body,  saying  that  it  is  the  purpose  to  enlist  the  coopera- 
tion, in  the  solution  of  omr  industrial  and  military  problems  of  a  scientific 
character,  of  every  possible  established  agency.  Medicine,  for  example, 
is  represented  on  the  Council  by  Dr.  William  H.  Welch,  President  of  the 
National  Academy  of  Sciences,  Brigadier  General  William  C.  Gorgas, 
Surgeon  General  of  the  United  States  Army,  Dr.  Simon  Flexner,  Director 
of  the  Rockefeller  Medical  Institute,  and  Dr.  Victor  C.  Vaughan,  Past 
President  of  the  American  Medical  Society;  biological  science  by  Dr. 
Edwin  G.  Conklin,  Professor  of  Zoology,  Princeton  University;  chemistry 
by  Dr.  A.  A.  Noyes  of  Massachusetts  Institute  of  Technology  and  Dr. 
L.  H.  Baekeland;  physics  by  Dr.  A.  A.  Michelson  of  the  University  of 
Chicago;  and  electricity  by  Professor  M.  I.  Pupin,  of  Columbia 
University. 

These  branches,  with  the  exception  of  medicine,  are  in  the  realm  of 
pure  science.  Recognizing,  however,  that  the  practical  applications  of 
the  principles  which  the  pure  scientists  discover  rest  largely  with  engi- 
neers, there  is  a  strong  representation  from  the  great  engineering  societies. 
Clemens  Herschel,  President  of  the  American  Society  of  Civil  Engineers; 
John  J.  Carty,  Chief  Engineer  of  the  American  Telephone  A  Telegraph 
Co.;  Gano  Dimn,  President  of  the  J.  G.  White  Engineering  Corporation; 
C.  E.  Skinner,  Director  of  the  Research  Laboratory  of  the  Westinghouse 
Co.  and  Dr.  W.  R.  Whitney,  Director  of  the  Research  Laboratory  of  the 
General  Electric  Co.,  are  among  those  who  will  represent  the  engineering 
side  of  the  Council's  work. 

The  important  military  aspects  will  be  presented  to  the  Council  by 
Major  General  William  Crozier,  Chief  of  Ordnance  of  the  U.  S.  Army, 
by  Lieutenant  Colonel  George  0.  Squier,  Chief  of  Aviation  of  the  U.  S. 
Army,  and  Chief  Constructor  David  W.  Taylor,  U.  S.  Navy.  Other 
branches  of  the  government  are  represented  by  Dr.  S.  W.  Stratton,  Direc- 
tor of  the  National  Bureau  of  Standards;  Van  H.  Manning,  Director  of 
the  Bureau  of  Mines  and  Prof.  Chas.  F.  Marvin,  Chief  of  the  United 
States  Weather  Bureau. 


*  "During  our  civil  war  the  need  of  scientific  advice  was  often  felt  by  our  Govern- 
ment. Accordingly,  the  National  Academy  of  Sciences  was  chartered  in  1863  by 
act  of  Congress,  which  stipulated  that  'the  academy  shall,  whenever  called  upon  l>y  any 
department  of  the  Government,  investigate,  examine,  experiment,  and  report  upon 
any  subject  of  science  or  art.  *  *  *'  During  the  war,  and  frequently  in  later  years, 
the  academy  has  been  consulted  by  Congress,  by  the  President,  and  by  various 
members  of  his  Cabinet.  It  is  thus  the  agency  naturally  chosen  for  the  organixatum 
of  the  National  Research  Council."  From  a  letter  wntten  by  Dr.  George  £1.  Hale 
to  the  Ntw  York  Time;  in  July,  1916. 
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It  will  thus  be  seen  that  the  Council  includes  representatives  of  all  of 
the  important  scientific  activities  bearing  on  military  or  industrial  prob- 
lems. The  executive  conmtiittee's  plans  are  of  wide  scope;  the  support 
already  pledged  will  insure  immediate  action  where  the  need  is  greatest. 

Our  English  brethren  by  a  similar  organization  have  been  of  inamense 
assistance  to  their  government  during  the  war.  The  American  organiza- 
tion now  being  perfected  should  be  of  equal  value  to  its  government,  but 
it  is  hoped  that  the  benefits  industrially  will  be  no  less  important  than  the 
military  ones. 

The  members  of  the  Council  not  already  mentioned  are  Dr.  John  A. 
Brashear,  Pittsburgh;  Dr.  W.  F.  M.  Goss,  Dean  of  Engineering,  Univer- 
sity of  Illinois;  Dr.  William  H.  Holmes,  Curator,  United  States  National 
Museum;  Dr.  W.  W.  Keen,  President,  American  Philosophical  Society; 
Prof.  E.  C.  Pickering,  Director,  Harvard  College  Observatory;  Mr. 
Charles  P.  Rand,  President,  United  Engineering  Society;  Prof.  Theodore 
W.  Richards,  Harvard  University;  Prof.  B^,  A.  Millikan,  University  of 
Chicago;  Mr.  Ambrose  Swasey,  Cleveland;  Dr.  Elihu  Thomson,  Swamp- 
scott,  Mass.;  Dr.  C.  R.  Van  Hise,  President,  American  Association  for 
the  Advancement  of  Science;  Dr.  Charles  D.  Walcott,  Secretary,  Smith- 
sonian Institution;  Dr.  J.  M.  Coulter,  Professor  of  Botany,  Princeton 
University;  Prof.  R.  H.  Chittenden,  Dean  of  Sheffield  Scientific  School, 
Yale  University;  Prof.  Raymond  Pearl,  Biologist,  Maine  Experiment 
Station,  Orono,  Me.;  M.  T.  Bogert,  Professor  of  Organic  Chemistry, 
Columbia  University. 

Other  members  of  the  councU  will  be  appointed  from  time  to  time 
as  the  needs  of  the  work  dictate. 


INTERESTING  EXCURSION   TO   A   SUBMARINE  BASE 

New  London,  Conn.,  Saturday,  Nov.  11,  1916 

The  American  Society  of  Mechanical  Engineers  extends  an  invitation 
to  members  of  the  Institute  to  participate  in  an  exceedingly  interesting 
excursion  on  Saturday,  November  11. 

Permission  has  been  secured  for  a  visit  to  the  plant  of  the  Electric 
Boat  Co.  at  New  London,  Conn.  There  will  be  run  a  special  test  on  a 
high-power  8-cylinder,  4-cycle  Diesel  engine.  A  large  number  of  sub- 
marine and  other  engines  in  various  stages  of  construction  will  be  seen, 
also  the  boring  of  torpedo  tubes,  cyUnders  and  other  equipment  for 
submarines.  The  drafting  rooms  and  foundry  will  also  be  open  for 
inspection. 

The  party  will  have  an  opportunity  to  see  at  close  range  the  submerg- 
ing of  several  submarines,  and  an  attack  on  a  vessel  on  the  surface,  an 
exhibit  which  is  being  arranged  by  courtesy  of  Rear  Admiral  A.  W.  Grant, 
who  is  in  command  of  the  submarine  forces  of  the  United  States. 

The  Boston  members  will  leave  South  Station  on  train  No.  7  at  8.30 
▲.  M.  Those  from  Providence  will  board  this  train  at  9.36  a.  m.  The 
Worcester  members  will  leave  on  train  No.  745  at  8.36  a.  m. 

The  New  York  contingent  will  leave  the  Grand  Central  Terminal  at 
8.31  A.  M.  on  train  No.  8.    This  train  will  leave  New  Haven  at  10.30  a.  m. 

Upon  arrival  at  New  London,  each  group  will  go  directly  to  the 
Mohican  Hotel,  where  a  '' get-acquainted"  luncheon  will  be  served 
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promptly  at  11.45  a.  m.,  so  that  the  party  will  be  able  to  leave  at  1  p.  m. 
for  the  plant  of  the  Electric  Boat  Co. 

Returning,  the  following  train  connections  can  be  made: 
For  Boston  and  Providence: 

4.07  and  6.00  p.  m.,  arriving  at  Boston  at  7.00  and  8.43  p.  m.  respec- 
tively. 
For  New  Haven  and  New  York: 

3.57  and  5.41  p.  m.,  arriving  in  New  York  at  7.11  and  8.46  p.  m. 
respectively. 
For  Worcester: 

4.20  p.  M.,  arriving  at  Worcester  at  8.00  p.  m. 

Members  desiring  to  join  this  excm*sion  and  to  participate  in  the  ''get- 
acquainted"  luncheon,  please  notify  the  Secretary  promptly. 


PERSONAL 


(Members  are  urged  to  send  in  for  this  column  any  notes 
of  interest  concerning  themselves  or  their  fellow-members.) 

Members  and  guests  who  called  at  the  Institute  headquarters  during 
the  period  Sept.  10,  1916  to  Oct.  10, 1916. 

Arthur  K.  Adams,  Chanand,  Chile.  C.  F.  Moore,  Salt  Lake  CiW,  Utah. 

Hiram  W.  Belnaik  Washington,  D.  C.  L.  D.  Moore,  Providence,  K.  I. 

B.  A.  Bridgma]i|%attle,  Wash.  George  A  Morrison,  Chicago,  IlL 

D.  W.  Buddy,  Wallace,  Idaho.  Pablo  Ortega.  Havana,  Cuba. 

G.  L.  CarUsle.  Jr.,  New  York.  N.  Y.  L.  W.  PaigeTNew  York,  N.  Y. 
Bmest  H.  A.  Cohen,  JohannesDurg,  So.  Africa.  Charles  PetzeL  New  York  N.  Y. 
A.  Faison  Dixon,  Camp  Rio  de  Oro,  Venesuela.  C.  A  Pierce,  Fatagonia,  Arixona. 

Charles  E.  Dutton.  Goldfield,  Nev.  W.  £.  Pomeroy,  E3  Paso,  Texas. 

D.  F.  Hewitt,  Washington,  D.  C.  George  S.  Rice,  Washinston,  D.  C. 

James  E.  Howard.  Washington,  D.  C.  G.  J.  Schofleld,  Seattle,  Wash. 

A  O.  Ihlseng,  Jopiin,  Mo.  Warren  D.  Thomnson,  New  York,  N.  Y. 

L  Ishikawa,  Niagara  Falls,  N.  Y.  M.  M.  Valerius,  Tulsa,  Okla. 

Montrose  L.  Lee,  New  York,  N.  Y.  G.  B.  WaterhousevBuffalo,  N.  Y. 

V.  H.  McNutt,  Billings,  Mont.  Joel  H.  Watkins.  Washington,  D.  C. 

Benjamin  L.  Miller,  So.  Bethlehem,  Pa.  M.  P.  Wherry,  Chicago,  Ul. 

Arthur  E.  Adams  has  left  for  Chile,  where  he  will  act  as  geologist  for 
the  Andes  Copper  Co.,  a  subsidiary  of  the  Anaconda  copper  company. 

H.  H.  CoUey,  formerly  assistant  superintendent  of  the  Copper  Queen 
smelter,  has  succeeded  L.  O.  Howard  as  superintendent  of  the  Old  Do- 
minion mill  and  smelter  at  Globe,  Ariz. 

Robert  E.  Cranston  has  been  appointed  consulting  engineer  to  the 
Mining  Associates,  Ltd.,  operating  the  Rawley  mine  near  Salida,  Colo. 
He  is  developing  and  equipping  tlus  property  for  production. 

6.  H.  Cunningham  has  resigned  his  position  as  superintendent  of 
construction  with  the  Anaconda  Copper  Mining  Co.,  to  become  chief 
engineer  for  the  Electrolytic  Zinc  Co.  of  Australia,  at  Hobart,  Tasmania. 

C.  Mason  Famham,  chief  geologist  for  the  Cerro  de  Pasco  Mining  Co., 
is  engaged  in  special  geologic  work  at  Harvard  University  and  the 
Massachusetts  Institute  of  Technology. 

James  Gayley,  formerly  vice-president  of  the  United  States  Steel 
Corporation,  is  the  president  of  the  newly  organized  Alaska  Mines 
Corporation. 
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H.  R.  Hanley,  until  recently  general  manager  of  the  Bully  Hill  Copper 
Co.y  has  been  appointed  superintendent  of  the  new  electrolytic  plant  that 
the  U.  S.  Smelting  Co.  is  to  erect  near  Kennett,  Cal. 

W.  L.  Honnold  is  in  New  York^  as  director  in  America  of  the  Com- 
mittee for  Belgian  Relief. 

L.  O.  Howard,  formerly  superintendent  of  the  Old  Dominion  smelter 
and  miU  at  Globe,  Ariz.,  is  now  in  charge  of  the  International  Smelting 
Co.'b  works  at  Miami. 

W.  J.  Lakeland  has  resigned  his  position  with  the  Burma  Mines  and 
has  joined  the  Indian  Army  Reserve  of  Officers. 

Professor  Francis  Church  Lincoln,  director  of  the  Mackay  School  of 
Mines,  University  of  Nevada,  Reno,  Nev.,  has  recently  returned  after 
spending  the  summer  in  mining  work  in  Bolivia  and  Peru. 

E.  P.  Mafhewson  has  resigned  as  manager  of  the  reduction  works  of 
the  Anaconda  Copper  Mining  Co.  at  Anaconda,  to  accept  the  position 
of  general  manager  for  the  British  America  Nickel  Corporation  at  Sud- 
bury, Ont.,  with  headquarters  at  Toronto. 

Frank  W.  Parker  has  resigned  as  superintendent  of  the  Rainbow 
Mine,  in  eastern  Oregon.  His  address  for  the  present  will  be  1619  Hays 
St.,  Boise,  Idaho. 

Charles  A.  Randall  has  resigned  Ms  position  as  mill  superintendent 
with  the  Tough  Oakes  Gold  Mines,  Ltd.,  to  accept  a  position  with  the 
Messrs.  Simonds  and  Burns,  mining  engineers  of  New  York,  as  superin- 
tendent of  construction  and  operation  of  two  cyanide  plants  in  Cuba. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  of  members  or  other  persons  introduced  by  members.) 

Member,  Cornell  M.  E.,  graduate,  aged  31,  married.  Will  soon  com- 
plete 2  years'  engagement  in  the  Russian  oil  fields.  Eight  years'  prac- 
tical experience  in  drilling  for  and  producing  oil.  Can  speak  Russian 
fluently  and  some  French  and  German.  Open  for  engagement.  Inter- 
view after  August  15,  in  the  United  States.    No.  299. 

Metallurgist,  four  years'  experience  in  electric  furnace  operation  on 
steel,  ferro-alloys  and  smelting  of  ores,  both  practical  and  research, 
desires  position  as  metallurgist  or  superintendent.    No.  314. 

Member,  technical  mining  graduate.  5  years'  experience  in  coal  and 
metal  mines  and  construction  work.  Married.  Aged  27.  Employed 
at  present.    Interview  in  Salt  Lake  City  or  Denver,    No.  316. 

Member,  American,  aged  39,  married,  desires  position  as  superintend- 
ent or  mine  superintendent.  14  years'  experience  in  opencut  and  under- 
ground work.  12  years'  Spanish,  Portugese,  Cuban  and  Mexican  labor. 
Fluent  Spanish.  Good  training  in  first  aid  and  safety  first.  Specialty 
of  high  explosives  and  steam-shovel  work.  Good  costs.  Go  anywhere, 
but  tropics  preferred.  References.  Interview,  New  York  or  Philadel- 
phia.    No.  318. 

Member,  aged  29,  unmarried,  technical  graduate.  7  years'  varied 
expenencB  in  metal  mining;  3.  years'  as  draftsman^  surveyor  and  assayer; 
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4  years'  operating  experience  as  foreman,  superintendent,  and  manager. 
Good  health  and  habits.  References.  At  present  employed,  available 
on  short  notice.  Can  handle  men  efficiently  and  get  residts.  Employ- 
ment with  reputable  company  desired,  preferably  as  foreman  or  super- 
intendent.   No.  319. 

Member.  Graduate  Columbia  School  of  Mines.  Single.  Thirty 
years  old.  Six  years'  practical  experience,  S  years  in  Mexico  and 
Central  America.  Fluent  Spanish.  Good  organizer,  able  to  handle 
men.  Desires  position  as  superintendent  or  assistant  in  metal  mine  in 
U.  S.  or  foreign  country.    No.  320. 

Young  technical  graduate  who  has  had  one  year's  post-graduate  work 
in  geology,  would  Uke  to  get  into  a  geological  department  or  to  work  as  a 
mining  engineer  in  engineering  or  mining  departments.  Willing  to  go 
anywhere.    No.  321. 

Member,  technical  graduate,  aged  32.  Course  of  studies  including 
mining,  metallurgy,  chemistry  and  geology.  Previous  practical  experi- 
ence in  erection  and  operation  of  machinery.  Have  had  about  5  years' 
varied  engineering  experience.  At  present  mining  engineer  for  lai^e 
copper  company,  but  desire  change  with  any  substantial  company  desir- 
ing a  rehable  man.  References  furnished  as  to  ability  and  character. 
No.  322. 

Member.  Experienced  mining  geologist  and  engineer  open  for  long 
or  short  engagement.  Familiar  with  exploration  and  development  of 
both  large  and  small  mines.  New  York  interview.  Can  supply  own 
instruments  and  experienced  assistant  for  surveys,  etc.    No.  323. 

Mining  engineer,  technical  graduate,  with  5  years'  exi)erience,  desires 
position.  At  present  employed  as  superintendent  of  gold  mine  in  Alaska. 
Free  after  November  1.    No.  324. 

Member,  Columbia  E.  M.,  married,  aged  32,  10  years'  experience  in 
gold-sUver  mining  and  milling  in  Mexico  and  United  States,  including 
management,  desires  position  as  manager  or  assistant  manager,  or  with 
examining  engineers.    No.  325. 

Member,  graduate  Colorado  School  of  Mines.  Have  had  consider- 
able and  valuable  experience  in  mine  surveying  and  mine  sampling. 
Desire  a  position  along  those  lines.  Available  on  three  weeks'  notice. 
No.  326. 

Member,  technical  graduate,  aged  25.  2  years'  experience  in  copper 
milling,  with  particular  reference  to  flotation.  At  present  superintend- 
ing construction  of  a  mill  and  doing  assaying  and  surve3dng.  Desire 
position  as  superintendent  or  assistant  superintendent  of  a  mill.  Can 
iiunish  references.     No.  327. 

Member,  aged  26,  married,  technical  graduate,  4  years'  experience  in 
testing,  experimental  and  research  work  at  large  copper  smelters  and  re- 
fineries, at  present  engaged  in  South  America,  desires  to  communicate 
with  operating  company  in  Russia  or  Africa  where  such  experience  ^srould 
be  of  advantage.    No.  328. 

Member,  graduate  of  the  Columbia  School  of  Mines.  Drifting  and 
shaft  sinking  a  specialty.  7  years'  practical  experience  in  operating  and 
developing  work.  Can  open  up  new  property  or  take  entire  charge  of 
mine,  skilled  in  up-to-date  methods.    At  present  employed,  desire  change. 
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Able  to  handle  organization  of  men,  excellent  results.    Will  go  anjrwhere. 
Moderate  salary.    References.    No.  329. 

Member,  aged  33,  professor  of  geology  in  eastern  technical  institu- 
tion, who  has  had  3  years'  post-graduate  work  in  geology,  desires  posi- 
tion on  geological  staff  of  mining  or  oil  company  in  the  United  States. 
Will  consider  secondary  position  if  prospects  are  good.  Available  on 
short  notice.    Interview  if  desired  in  New  York  or  Chicago.    No.  330. 


AFFILIATED  STUDENT  SOCIETY  NOTES 

The  Mining  Society  at  the  Massachusetts  Institute  of  Technology 
has  elected  the  following  officers: 

G.  A.  Roper,  President, 

P.  M.  Rowe,  Vice-President  and  Treasurer, 

R.  W.  Rogers,  Secretary. 

The  Student  Branch  of  the  Ohio  State  University  held  its  initial 
meeting  of  the  school  year  on  Oct.  4,  electing  the  following  officers: 
President,  W.  R.  Collette, 
Vice  President,  R.  C.  Lawrence, 
Treasurer,  H.  T.  McMillen, 
Secretary,  A.  W.  Seabright. 
H.  E.  Nold,  Assistant  Professor,  Department  of  Mine  Engineering, 
gave  an  illustrated  lecture  on  several  of  the  mining  fields  in  the  United 
States. 

Arrangements  are  being  made  for  a  series  of  talks  on  mining  and  metal- 
lurgical subjects  to  be  given  during  the  school  year. 

Albert  W.  Seabright,  Secretary, 


DEDICATION  OF  THE  CERAMIC  ENGINEERING  BUILDING  OF 
THE  UNIVERSITY  OF  ILLINOIS 

The  new  Ceramic  Engineering  Building  of  the  University  of  Illinois 
is  to  be  formally  dedicated  on  Nov.  20  and  21.  The  occasion  will  be  made 
one  of  great  interest  to  the  clay-workers  of  the  country.  It  is  expected 
that  the  exercises  will  be  attended  by  many  representatives  of  the  archi- 
tectural, structural,  mining,  geological,  chemical,  and  manufacturing 
interests.  In  connection  with  the  dedication  exercises,  an  industrial 
conference  will  be  held,  in  which  a  number  of  topics  of  current  interest 
to  the  ceramic  engineer,  the  clay-worker  and  the  manufacturer  will  be 
discussed  by  well-known  experts. 

The  number  of  students  registered  in  the  College  of  Engineering  of 
the  University  of  Illinois  eleven  days  after  the  beginning  of  registration 
for  the  new  year,  is  as  follows: 

Architecture,  116;  Architectural  Engineering,  167;  Ceramic  Engineer- 
ingy  46;  Civil  Engineering,  190;  Electrical  Engineering,  266;  Mechanical 
Engineering,  273;  Mining  Engineering,  25;  Municipal  and  Sanitary 
Engineering,  26;  Railway  Engineering,  34;  total,  1,143. 

The  enrollment  of  students  in  the  whole  University,  not  including  the 
College  of  Medicine,  the  College  of  Dentistry  and  the  School  of  Phar- 
macy, which  are  located  in  Chicago,  is  5,214. 
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LIBRART 

American  Society  op  Civil  Engineers 
American  Institutb  of  Electrical  Engineers 
American  Society  of  Mechanical  ]Sngine£rs 
American  Institute  of  Mining  Engineers 
Unitbd  Engineering  Society 

William  P.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to  10 
P.M.,  except  on  holidays.  It  contains  about  70,000  volumes  and  90,000 
pamphlets,  including  sets  of  technical  periodicals  and  the  publications  of 
scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend 
a  portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  especial  attention.  The  Library  is  prepared  to  furnish  ref- 
erences and  photographic  copies  of  articles  on  mining  and  metallurgical 
subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish  gen- 
eral information  on  the  geology  and  mineral  resources  of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  wiU  be  sent  more 
promptly  and  in  more  usable  shape. 

LmRARY  Accessions 
Partial  List  Classified  by  Subjects 

Mining  and  Metallurgy 

Black  Damp  in  Minbs.    Bull.  No.  106,  U.  S.  Bureau  of  Mines,  Washington,  1916. 
Health  Conservation  at  Steel  Mills.    Tech.  Paper  No.  102,  U.  S.  Bureau  of 

Mines,  Washington,  1916. 
Heat  Treatment  of  Tool  Steel.    Ed.  2.     By  Harry  Brearley.     New  York,  1916. 
History  and  Development  of  Gold  Dredqinq  in  Montana.     Bull.  No.  121, 

U.  S.  Bureau  of  Mines,  Washington,  1916. 
Ore  Sampling  Conditions  in  the  West.    Tech.  Paper  No.  86,  U.  S.  Bureau  of 

Mines,  Washington,  1916. 
Safe  Practice  at  Blast  Furnaces.    Tech.  Paper  No.  136,  U.  S.  Bureau  of  Mines, 

Washington,  1916. 
Works  of  Dmitri   Konstantinovich   Tbchernoff,   published  by  the   Rosdaa 

Metallurgical  Society  (In  Russian).  Petrograd,  1915.  (Gift  of  D.  Tsehwnoff.) 
The  Flotation  Process.     By  Herbert  A  Miegraw.     McGraw-Hill  Book  Co.,  New, 

York.  (Gift  of  Publishers.)  Price  $2.50  net. 
[Note. — In  this  volume  the  author  aims  to  present  in  concentrated  form  the  results 
of  practical  and  theoretical  investigations  carried  on  by  many  men  in  many  different 
fields.  It  represents  a  compilation  of  information  gathered  from  many  different 
sources,  arranged  in  a  manner  to  enable  those  interested  to  learn  the  present  status  of 
the  art  of  concentrating  ores  by  flotation  without  wading  through  a  great  mass  ci 
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published  material.  The  author  has  endeavored  to  eliminate  largelv  that  portion  of 
the  literature  which  is  purely  speculative  in  character,  retaining  only  the  parts  that 
have  been  definitely  proved  to  be  correct,  or  at  least  show  a  reasonable  basis  for  that 
assumption.  In  the  chapter  on  Patent  Itecord  of  Flotation  only  those  patents  have 
been  included  that  seem  to  be  of  particular  importance.  Other  chapters  cover  the 
following:  The  Theory  of  Flotation;  Oils  and  Their  Uses;  Flotation  Processes  and 
Apparatus;  Testing  Ores  for  Flotation;  Testing  at  the  Anaconda  Mill;  The  Applica- 
tions of  flotation;  Examples  of  Flotation  Practice;  Flotation  Operating  Plants; 
Flotation  Concentration  at  Anaconda;  Flotation  in  Practice;  The  Practice  of  flota- 
tion; The  Place  of  Flotation  in  Metallurgy.     B.  A.  R.] 

Thb  Mineral  Indubtbt,  Its  Statistics,  Tbchnoloqt  and  Tbadb  during  1915. 
Edited  by  G.  A.  Roush,  Vol.  24  supplementing  Vob.  1  to  23.  McGraw-Hill 
Book  Co^  New  York.     (Gift  of  Editor.)     Price  $10  net. 

[Note. — This  publication,  the  first  volume  of  which  appeared  in  1893  under  the 
editorship  of  Richard  P.  Rotnwel^  has  become  so  well  known  to  those  interested  in 
mining,  metallurgy,  and  allied  subjects  as  to  need  no  extended  review.  Its  value  as 
a  record  of  current  events  and  progress  in  the  field  covered  is  recognised  by  those  who 
have  had  occasion  to  consult  the  pages  of  the  different  volumes. 

The  present  volume  shows  the  status  of  the  mineral  industry  in  1915  by  means  of 
statistics  showing  prices  and  production,  and  by  technical  articles  by  specialists  on 
the  developments  m  metallurgical  practice  in  the  treatment  of  the  vanous  metals. 
Flotation,  the  latest  tool  of  the  metallurgist,  is  treated  in  the  regular  reviews  and  in  a 
special  article.     B.  A.  R.] 

Geology  and  Mineral  Resources 

Antim ONT  Dspobits  of  Alaska.    Bull.  No.  d49,>U.  S.  Geological  Survey,  Washington, 

1916. 
BiBLiooBAPHT  OF  NoBTH  AMERICAN  Geoloot  FOR  1915.    Bull.  No.  645,  U.  S.  Geolog- 
ical Survey,  Washington,  1916. 
Chisana- White  River  District,  Alaska.    Bull.  No.  630,  U.  S.  Geological  Survey, 

Washington,  1916. 
Coal  Resottrcbb  of  the  Cuntwood  and  Bucu  Quadranolbs,  Virginia.    Bull. 

No.  XII,  Virginia  Geological  Survey^  Charlottesville,  1916. 
Economic  Geology.    Ed.  4.    By  Heinnch  Ries.    New  York,  J.  Wiley  Sc  Sons,  1916. 

(Gift  of  Publishers).  Price  $4  net. 
[Note. — ^The  third  edition  was  published  in  1910,  and  advances  in  the  knowledge 
of  economic  geology  since  that  date  have  been  so  great  as  to  require  quite  complete 
revision.  In  addition,  a  description  of  the  more  important  mineral  depoisits  of  Canada 
have  been  added.  The  work  is  notable  for  the  completeness  of  the  lists  of  references 
fljiven  at  the  end  of  each  chapter,  for  the  excellence  of  its  numerous  illustrations,  and 
for  its  extensive  index.  W.  P.  C.] 
Lignite  Field  of  Northwestern  Soxtth  Dakota.    Bull.  No.  627,  U.  S.  Geological 

Survey,  Washington,  1916. 
8xjh  Mono  Di  FoRMAZioNE   DEI    GiAciMENTi  Petrouferi  e  Solfifbri.    By  p. 

Toso.     Roma.  1916. 
SxTL    Mono   Di   FoRMAZioNE   DEI  Princifali  Giacimenti  Metalliferi.    By  p. 

Toso.     Roma,  1913. 

Mining  Law 

Asstbacts  of  Current  Decisions  on  Mines  and  Mining, Reported  from  January 
TO  April,  1916.     Bull.  No.  126,  U.  S.  Bureau  of  Mines,  Washington,  1916. 

Mining  Statutes  of  New  Mexico  and  of  the  United  States,  etc.,  Bull.  No.  1,  New 
Mexico  State  School  of  Mines,  Socorro,  1916. 

Highway  Engineering 

Construction  of  Roads  and  Pavements.    By  T.  R.  Agg.    New  York,  1916. 
Sandbook  for  Highway  Engineers.    Ed.  2.    By  W.  G.  Harger  A  E.  A.  Bonney, 
New  York,  McGraw-HiU  Book  Co.,  1916. 

Company  Reports 

Broken  Hill  Proprietary  Company,  Ltd.  Reports  and  Statements  of  Account  for 
haM  year  ending  May  31,  1916.     Melbourne,  1916.     (Gift  of  Company.) 
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Broken  Hill  South  Silver  Mining  Oompant.    Reports,  Statements  of  Accoonts, 
etc.,  for  half  year  ended  June  30,  1916.     Melbourne,  1916.     (Gift  of  Compaay). 

Trade  Catalogs 

American  Blower  Co.,  Detroit,  Mich.    Sirocco  Service,  Vol.  5,  No.  11. 

Automatic  Equipment  Co.,  New  York  City.    The  Autoprojector. 

Chicago  Pneumatic  Tool  Co.,  Chicago,  111.    Bull.  £.  43.    Duntley  UnivenBl 

Electric  hammer  drill.    Sept.  1,  191o. 
Columbian  Brace  Foundry,  FreeporL  L.  I.    IVopellers  in  a  Nut  Shell. 
Du  Pont  de  Nemours,  E.  I.  &  Co.,  Wiunington,  Del.    Du  Pont  Magaiine,    Septem- 
ber, 1916. 
General  Electric  Co.,  Schenectady,  N.  Y.    Bull.  44004A.    Railway  Line  Material 

for  direct  suspension.    Aug.,  1916.- 
Ingersoll-Rand  Co.,  New  Yorit  City.    Form  3033.    Imperial  tjrpe  "XPV"  Duplex 

steam  driven  compressors.    Ed.  2.    April,  1916. 

Form  4122.    Leyner  drill  sharpener.     Ed.  2.    Jime,  1916. 

Form  8112.     "Crown"  Pick  type  66-H.    June,  1916. 

Form  9024.    Steam  condensing  plants.    Beyer  barometric  t]rpe.    June,  1916. 
Jeffrey  Mfg.  Co.,  Columbus,  Ohio.     Bull.  183.    Mine  Ventilation. 
KovEN,  L.  O.  A  Bro.,  New  York  City.     Marine  Catalogue. 
Marine  Oil  Engine  Co.,  Inc.,  New  York  City.     Bull.  101.    Skandia  Marine  Oil 

Engines  for  crude  or  fuel  oils. 
MiLBURN,  Alexander  Co.,  Baltimore,  Md.    Oxy-Acetylene  Welding  and  Cutting 

Apparatus. 
Motor  Compressor  Co.,  Newark,  N.  J.    The  Perfect  Starter. 
National  Transit  Pump  &  Machine  Co.,  Oil  City,  Pa.    Bull.  107.    Steam  pumps. 

Bull.  201.     Horizontalpower  pumps. 
Pyrene  Manufacturing  Co.,  New  York  City.    Ten  reasons  why  Pyrene  is  superior 

to  the  three  gallon  chemical  extin^^uisher. 

Pyrene  Extinguisher  for  motion  picture  theatres. 
Samson  Electric  Co.,  Canton,  Mass.    "Perfex"  waterproof  ignition  for  motor 

boats.     1916. 
Snow  and  Pbtrblli  Mfg.  Co.,  New  Haven,  Conn.    Joe's  high  power  reverse  gean. 

1916. 
The  Sperry  Gyroscope  Co.,  Brooklyn,  N.  Y.    Neptime  foiled  by  the  Sperry  ship's 

stabiliser. 
Talbot  Boiler  Co.,  New  York  City.     Talbot  crude  oil  burning  steamers. 
Traylor  Engineering  &  Mfg.  Co.,  Allentown,  Pa.    Bull.  G3.     Gyratory  cnishere. 

1916.    Bull.  Jl.    Jaw  crushers.     1916. 
Wheeler  &  Schebler,  Indianapolis,  Ind.    The  Model  "R"  Schebler  carburetor. 
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MEMBERSHIP 

Nbw  Mbmbbbs 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Sept.  10,  1916,  to  Oct.  10,  1916. 

BLOOicnsLD,  Edwin  Chables,  Min.  Engr.,  1012  Standard  Bank  Bldg., 

Vancouver.  B.  C,  Canada. 
Brings^  Hxnbt,  Blin.  and  Met.  Engr.,  Chief  Engr.,  and  GeoL,  MoUet-Mesrine, 

1212  Milk  Bldg.,  El  Paso.  Texas. 
Chasb,  Mabch  F.,  Yice-Pree.,  Commercial  Acid  Co.,  1906  Boatmens  Bank  Bldg., 

St.  Louis,  Mo. 
CuMUiNas,  Alyin  M.,  Asst.  Mine  Supt.,  Witherbee,  Shennan  A  Co.,  Inc., 

Blineville,  Essex  Co.,  N.  Y. 
DoiTOLASS,  Georox  M.,  Genl.  Safety  Inspector,  Amer.  Smelt.  A  Ref.  Co., 

120  Broadway,  New  York,  N.  Y. 
Embich,  Clabbncb  T.,  Chief  Chemist,  Old  Dominion  Copper  Min.  Sc  Smelt.  Co., 

Box  1163,  Globe,  Ariz. 
Gabdanibb,  SirrTBB  Albbbt,  Assayer,  Mgr.,  Douglas  Assay  Co.,  Douglas^ 

Cochise  Co    Ariz 
Gbiswou),  Chablbs  E.,  Concentration  Sampling, 

Old  Dominion  Copper  Min.  A  Smelt.  Co.,  Globe,  Ariz. 
GuucK,  HoBACB  S.,  Met.  Engr.,  More-Jones  Brass  &  Metal  Co., 

3132  North  Broadway,  St.  Louis,  Mo. 
Hasdbonck,  Bbbnabd,  Petroleum  Geol.  and  Engr.,  The  Carter  Oil  Co., 

708  So.  Boulder  Ave.,  Tulsa,  Okla. 
Hbiicbod,  Albbbt  A,  Met.  Engr.,  Research  Corpn^  63  Wall  St.,  New  York,  N.  Y. 
HoLMAN,  C.  Vbt,  Mining  Lawyer  &  Geol.,  Prest.,  Caribou  Gold  Mines, 

Holman  Oaks,  Rockland,  Me. 
HuicpHBBT,  Thomas  Zbnas,  Washoe  Reduction  Works, 

Anaconda  Copper  Min.  Co.,  Anaconda,  Mont. 
Ihous,  William  Wallacb,  Genl.  Mgr.,  Coal  Mining  Dept., 

Delaware,  Lackawanna  and  Western  R.  R.  Co.,  Scranton,  Pa. 
IsHiXAWA,  ToMBKicm,  Min.  Engr.,  Kubara  Min.  Co.,  Saikokwa  Hitachi  Mine, 

Ibarakiken,  Japan. 
Jabvib,  Phillips  F.,  Mgr.,  Sullivan  Machinery  Co., 

2006  Railway  Exchange  Bldg.,  St.  Louis,  Mo. 
Jbnkins,  Chablbs  Vebnon,  Business  Mgr.,  Nevada  Cons.  Copper  Co.,  McGill,  Nev. 
Johnston,  Ibvino  H.,  Dist.  Mgr.,  Pittsburgh  Testins  Laboratory, 

68  Lafayette  Blvd^  Detroit,  Mich. 

Kbbvb,  Wiluam  Hbnbt,  Jb.,  Engr Chase  Metal  Works.  Waterville.  Conn. 

Lb  Rouz,  Gbobob  N.,  General  Sales  Agent,  The  Manhattan  Rubber  Mfg.  Co., 

300  Felt  Bldg.,  Salt  Lake  City.  Utah. 
Long,  Leon  Root,  Assayer Stoddud  Min.  &  Mill.  Co.,  Stoddard,  Ariz. 


Ltnton,  Edwabd  D.,  Min.  Engr.,  Mammoth  Copper  Mumig  Co., 

K^nnett,  Shasta  Co.,  Cal. 

McCoT,  William  Abthub Chief  Chemist,  Nevada  Cons.  Copper  Co., 

Box  762,  McGiU,  Nev. 

Mabsh,  Thomas  A.,  Chief  Engr Green  Engpneering  Co.,  East  Chicago,  Ind. 

Matnb,  Richabd  W.,  Genl.  Foreman,  Old  Domimon  Cons.  Min.  4s  Smelt.  Co., 

Globe,  Ariz. 

MrrcHBLL.  Clabs  O. P.  O.  Box  669,  Victor,  Colo. 

MouNA,  Olegabio,  Retired Linea  No.  57,  entre  Ay  B,  Vedado,  Havana,  Cuba. 

Montgomebt,  William  Bbuce,  Jb.,  Engr.  of  Mines,  Grasselli  Chemical  Co.. 

Cleveland,  O. 
MooBE,  Jones  Guebbt,  Genl.  Supt.  of  Coal  Blines,  Sloss  Sheffield  Steel  Co., 

923  So.  17th  St.,  Birmingham,  Ala. 
Pbbkinb,  Enoch,  Surveyor  and  Draftsman,  Alaska  Gastineau  Min.  Co., 

P.  O.  Box  114.  JuneaiL  Alaska. 

Powell,  Gut  M.  Supt.  of  Coal  Mines Central  Iron  and  Coal  Co^  Holt,  Ala. 

Rait,  Donald  McKinnon,  Chief  Engr.,  Calumet  ft  Arizona  Min,  Co.,  Warr^  Ariz, 

Digitized  by  VjOOQIC 


xvi  Monthly  Bulletin  No.  119,  Novbmbbr,  1916 

Rich,  Chablbb  Hendbbson,  Met.  and  Chemist,  Alan  Wood  lion  and  Steel  Co., 

Conshohocken.  Pa. 
RiBBB,  Gbobgb  C,  Jb.,  Supt.  of  Concentrator,  Nevada  Cons.  Copper  Co.,  McGilL  Nev. 

Smbttem,  Blabb  William,  Min.  Engr Belknap  Coal  Co^  Newcastle,  Texas. 

Stewart,  John  S.,  Supt.  of  Lead  Smelter  and  Refining,  Irtvsh  Corpn., 

Care  Kirgiz  Mining  Co.,  Prov.  of  Semipalatinsk,  Pavlodar,  Ekibastus,  Siberia. 

Stocb,  Kurt,  Met.  Engr BartlesviUe  Zinc  Co.,  Bartlesville,  Okla. 

Stone,  Sidney  Mabvin,  Mgr.  of  Mine  and  Mill,  Chas.  Butters  Sc  Co.,  Ltd^ 

Virginia  City,  Nev. 

Talmaqb,  Randolph  D.,  Min.  Engr Cunningham  Bld^.,  Joplin,  Mo. 

Thompson,  John  Fairfield,  Supt.,  Monel  Metal  Dept.,  The  International 

Nickel  Co..  Bayonne,  N.  J. 

Williamson,  Fbancis  O 546  Old  Colony  Bldg.,  Chicago,  Dl. 

WiLLSON,  Habold  Edwin 407  W.  Illinois  St.,  Urbania,  SI. 

Wilson,  Edwabd  Tatlob,  Pres.,  The  Continental  Oil  Co.,  621  McPhee  Bldg., 

Denver,  Colo. 

WiNQFiBLD,  Geobgb Pres..  Goldfield  Cons.  Mines  Co^  Reno,  Nev. 

Woo,  ZuNQ  TsE  KiBN,  Geul.  Supt.,  Han-Yeh-Ping  Iron  and  Coal  Co.,  Ltd., 

Hanyang  Iron  A  Steel  Works,  Hanyang,  China. 

AssodaU  Members 

Coleman,  Walteb  H.,  Millman Big  Pine  Cons.  Min.  Co.,  Presoott,  Aris. 

Gage,  William  Paul,  First  Yice-Pres.  and  Genl.  Supt^  Lone  Star  Gas  Co., 

800-l8t.  National  Bank  Bldg.,  Fort  Worth,  Tex. 

Platt,  James  MgClube,  Min.  Engr Care  W.  W.  flatt,  Alamosa,  Colo. 

SowEBWiNE,  Elbebt  O.,  Accountaut,  Chief  Clerk,  International  Smelt.  Co.. 

Tooele,  Utah. 

Junior  Members 

Abmstbong,  James  a.  B 347  Manhattan  Ave.,  New  York,  N.T. 

Bbunbl,  Louib  J.,  Engineering  Staff,  Nevada  Cons.  Copper  Co.,  P.  O.  Box  362, 

Ruth,  Nevada. 
Kline,  Habbt  D.,  Mine  Sampler,  Nevada  Cons.  Copper  Co.,  P.  O.  Box  362, 

Ruth,  Nevada. 

Lee,  HuNTET,  Post  Graduate  Student Columbia  Univ.,  New  York,  N.  Y. 

McCbat,  H.  Edgab Elks  Home,  Denver,  Colo. 

MiLLEB,  William  B.,  Engr.,  Boundary  Red  Mountain  Min.  Co.,  Sardis,  B.  C.  Can. 
MiNiSTEB,  HowABD  LESLIE,  Miu.  Engr.,  The  Empire  Zinc  Co.,  Kelly,  New  Mexico. 
Pond,  Walteb  Fbankun,  Student,  Mass.  Institute  of  Technology,  Boston,  Mass. 

RoPEB,  Geobgb,  Jb Student,  Mass.  Institute  of  Technology,  Boston,  Mass. 

SuLLT,  Kenneth  M.,  Assayer,  Hanover  Bessemer  Iron  A  Copper  Co.,  Fierro, 

New  Mexico. 
Tbavbb,  Will  Mebton,  Jb.,  Engr.,  Emphre  Zinc  Co.,  703  S3rmes  Bldg.,  Denver,  Colo. 

Total  Membership,  Oct  10,  1916 6,800. 

Candidates  for  Membbrship 

Appucation  fob  Meiibebship. — ^The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  that 
persons  should  be  admitted  to  membership  in  classes  for  which  they  aro  not  qualified. 
Members  of  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of  g^nfting 
through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Membership, 
or  the  Secretaiy  of  the  Institute,  of  any  persons  whom  they  think  should  not  be  clas- 
sified in  accordance  with  the  list  given. 

Members 

The  following  persons  have  been  proposedduringthe  period  Sept.  10, 
1916,  to  Oct.  10, 1916,  for  election  as  members  of  the  JbisUtute.    Their 
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names  are  published  for  the  inf onnation  of  Members  and  Associates,  from 
whom  the  Committee  on  Membership  earnestly  invites  confidential  com- 
munications, favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Members  • 

Harvey  S.  Adkins,  Hazard,  Ky. 

Proposed  bylvor  LivingBton,  Walter  B.  Miller,  Henry  Groos. 

Bom  1800,  Wrigley.  Ky.  To  1907,  Preparatory  education.  Three  years'  work  on 
engineering  party,  and  correspondence  course  while  doing  it.  1911-12,  Kentucky 
State  Univ.  1907-m  Morehead  and  North  Fork  R.  R.  Co.  1910,  North  Fork  Com- 
mel  Coal  Co.  1913,  North  Fork  Commel  Coal  Co.  and  The  Lee  Coal  Co.  1914-15. 
C^ef  Engr.,  Blue  Grass  Coal  Corpn.;  Daniel  Boone  Coal  Co.;  Kentucky-Jewel  Coal 
Co. :  Harvey  Coal  Co. 

Present  position:  Same  as  above. 

Philip  Henry  Argall,  Denver,  Colo. 

Proposed  by  Burr  A.  Robinson,  Charles  A.  Chase,  D.  W.  Brunton. 

Bom  1877,  Oroca,  Ireland.  1903,  Univ.  of  Colorado,  B.  8.  1904,  Univ.  of  Colo- 
rado. M.  A.  1904,  Chemist,  Anaconda  Copper  Min.  Co.  1904-06,  Chemist,  Selby 
Smelt,  k  Lead  Co.  190eM)8,  Asst.  Supt.,  Selby  Smelt.  A  Uad  Co.  1909-16,  Resi- 
dent Mgr.,  Stratton's  Independence.  Ltd..  Victor,  Colo.  1904,  Author,  Western  MUl 
and  Smdter  Methods  of  Arudysia,  1913,  Member,  Institution  of  Mining  and  Metal- 
lurgy, London. 

Present  position:  1910  to  date;  Cons.  Mining  and  Met.  Engr.,  Philip  Argall  & 
Sons. 

David  Avery,  Melbourne,  Aust. 

Proposed  by  Guy  C.  Riddell,  C.  M.  Warner,  GUbert  Rigg. 

Bom  1871,  Ballarat,  Vic.  1888-95,  Melbourne  Univ.,  Ai.  Sc.,  Chemistry  and 
Physics  with  special  attention  to  Metallurgy.  1895-98,  Engaged  in  cyanide  work  on 
tftifing^  for  Melbourne  Syndicate.  1898-1910,  in  charge  of  Chemistry  Dept.,  Mel- 
bourne Technical  School.    Designed  and  equipiied  chemical  laboratories. 

Present  position:  1910  to  date;  Cons.  Chemist  and  Met.,  specializing  in  treatment 
of  lead  ores  mduding  flotation  work,  by-products  and  plant  economics. 

Marc  Bailey,  Bisbee,  Ariz. 

Proposed  by  Arthur  Notman,  Y.  S.  Bonillas,  G.  F.  G.  Sherman. 

Bom  1882,  Phanute,  Kans.  Parsons  Business  College.  1900-05,  Colorado  School 
of  Mines,  Kansas  Univ.,  Lehigh  Univ.,  Michigan  College  of  Mines;  B.  S.  and  E.  M. 
at  latter.  1905,  Surveyor,  Santa  Fe  R.  R.  1906.  Engr.,  Kansas  Natural  Gas  Co. 
1907,  Engr..  I)olores  Mines  Co.  1908,  Mgr.,  Aurora  and  Sirena  Mines.  1909, 
I>irector  ana  in  office  City  Investment  Co.  1910,  Examining  Engr.,  U.  S.  S.  R. 
A  M.  Co.  1912,  Draftsman,  Repath  A  McGregor.  1913,  Chief  Engr.,  Shattuck 
Arizona  Copper  Co. 

Present  position:  Supt.,  Wolverine  Sc  Arizona  Min.  Co. 

David  Franldin  Baker,  Hamburg,  N.  Y. 

Proposed  by  C.  G.  Atwater,  L.  O.  Crewe,  R.  H.  Sweetser. 

Bom  1889,  Sparrows  Point,  Md.  1913,  Mass.  Inst,  of  Technology.  B.  S.  1913, 
Youngstown  Sheet  Sc  Tube  Co.,  Younntown,  O.  1914-16,  Charse  of  all  concretingpf 
foundations  for  steel  works.  Broken  Hill  Proprietary  Co.^  Ltd.,  Newcastle,  N.  S.  W., 
Aust.  Asst.  to  Supt.  of  Blast  Furnace  during  construction  of  Blast  Furnace.  Shift 
Genl.  Foreman  on  Blast  Furnace. 

Present  position:  Foreman,  Blast  Furnace  Dept.,  Lackawanna  Steel  Co. 

Bennett  R.  Bates,  Chicago,  111. 

Proposed  by  H.  L.  HoUis,  D.  P.  Hynes,  Francis  G.  Fabian. 
Bom  1884,  Brighton.  Colo.    1908,  Univ.  of  Cal.,  CoUege  of  Mining,  B.  S.    1908-10, 
ESnccr.,  Jesus  Mana  y  Anezas,  San  Jose  de  Gracia,  Sinaloa,  Mex.    1910-12,  &ipt., 
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Rosario  Extension  Syndicate,  Ltd.,  Guadalupe  y  Colvo,  Chih.,  Mex.    1912-13,  Audi- 
tor and  Engr.,  El  Rayo  Min.  A  Dev.  Co.,  Santa  Barbara.  Chih.,  Mex.     1913-14, 
Special  work,  F.  W.  Bradley,  San  Francisco  and  Treadwell,  Alaska. 
Present  position:  1914  to  date;  Staff,  H.  L.  Hollis. 

Leo  Richard  Bell,  La  Pas,  Bolivia,  So.  Amer. 

Proposed  by  Francis  Church  Lincoln,  J.  G.  Scrugham,  J.  C.  Jones. 

Bom  1891,  New  York,  N.  Y.  1899-1906,  Grammar  School  No.  14,  Richmond, 
N.  Y.  1906-10,  Curtis  High  School,  Richmond,  N.  Y.  1910-14,  Univ.  of  Hlinois, 
Champaign,  lU.,  B.  S.  in  Min.  EngrR.  1912-14,  Calumet  &  Hecla  Min.  Co.,  Bisbee, 
Aria.  1913,  Doe  Run  Lead  Co.,  Flat  River,  Mo.  1914,  Ray  Cons.,  Ray,  Aria. 
1914-16,  Incaoro  Mines  Co.,  Bolivia  and  New  York. 

Present  position:  South  American  Electric  Smelt.  Co.  Syndicate. 

Floyd  Shaw  Benjamin,  Duluth,  Minn. 

Proposed  by  Stacy  H.  Hill,  Edwin  J.  Collins,  W.  G.  LaRue. 

Bom  1887,  Romeo,  Mich.  1905,  Romeo  High  School.  1906,  Univ.  of  Michigan. 
1908-09,  Michigan  College  of  Mines.  1910-11,  Min.  Engr.,  Duluth  EngrgTCo., 
Duluth,  and  Min.  Engr.,  Inland  Steel  Co.,  Crosby,  Minn.  1912-16,  Technical,  Pluto 
Powder  Co. 

Present  position:  District  Mgr.,  Aetna  Explosives  Co.,  Inc. 

George  Howard  Birch,  New  York,  N.  Y. 

Proposed  by  George  M.  Esterly,  C.  N.  Crary,  George  C.  Hazelet. 

Bom  1882,  Peekskill,  N.  Y.  Until  1897,  Local  Public  and  Private  Schools. 
1897-1906,  engaged  in  banking  business  for  the  larger  part  of  which  time  was  in  the 
emplovment  of  Messrs.  Strong,  Sturgis  Co.,  New  York.  1906-09,  Columbia  Univ., 
School  of  Mines  as  a  special  student.  1906.  Asst.  with  Herman  A.  Keller,  on  exami- 
nation work  in  Alaska.  1909,  Asst.  to  Fred  L.  Morris,  Gug^nheim  Explor.  Co.,  on 
examination  work  in  North  Carolina.  1909,  Trip  of  inspection  of  mines  throughout 
western  part  U.  S.  and  Canada.  1909-10  J^fevada  Cons.  Min.  Co..  McGill,  Nev.  1910. 
Placer  examination  work,  Guggenheim  Explor.  Co.,  Siberia.  1910,  took  charge  or 
construction  work  and  operations  of  hydraulic  plant,  bupt.  and  Mgr.,  Dan  Creek  Min. 
Co.,  Dan  Creek,  Alaska. 

rresent  position:  Vice-Pres.  and  Genl.  Mgr.,  Dan  Creek  Min.  Co. 

Elmer  Bird,  Wallace,  Idaho. 

Proposed  by  Rush  J.  White,  William  J.  Hall,  S.  A.  Crandall. 

Bom  1888,  Mansfield,  01.  1900,  Grad.,  Billing  High  School.  1904,  Student, 
Missouri  Univ.  1907,  Grad.,  College  of  Idaho,  no  science  degree.  1900-05,  summeia 
and  odd  times,  survey  helper  and  levelman.  1905-07.  siunmers,  Transitman.  1907- 
09,  Irrigation  work,  U.  S.  Rec.  Service.  1909-10,  Chief  Engr.,  Bloine  County  Irri. 
Co.  1910-14,  City  Engineer.  Consulting  Engr.,  engaged  in  private  practice  and  min- 
ing engineering.  1914-16,  Engaged  in  private  practice  and  mining  engineering  at 
Boise,  Idaho.  19X4-16,  speciauzmg  in  concrete  imderground.  1916,  Asst.  Engr., 
Bunker  Hill  Smelter  Constraction. 

Present  position:  Asst.  at  Bunker  Hill  and  Sullivan  Smelter,  Kellogg,  Idaho. 

Lionel  E.  Booth,  Anaconda,  Mont. 

Proposed  by  Albert  E.  Wiggin,  W.  N.  Tanner,  Arthur  E.  Wells. 

Bom  1892,  Ashhmd,  Wis.  1910-11,  Preparatory  course,  So.  Dakota  School  of 
Mines.  1911-15,  South  Dakota  School  of  Mines,  Rapid  City,  South  Dakota,  B.  S.  in 
Met.  EngTg.  1916,  Solution  man,  St.  Paul  Montana  Min.  Co.,  Maiden,  Mont.  1916^ 
Testing  Dept.,  Anaconda  Copper  Min.  Co. 

^Present  position:  Met.  Engr.,  Concentration  Dept.,  Anaconda  Copper  Min.  Co. 

Milton  P.  Botsford,  Duluth,  Minn. 

Proposed  by  Stacy  U.  Hill,  Edwin  J.  Collins,  W.  G.  LaRue. 

Bom  1885,  Hancock,  Mich.  1907,  Michigan  College  of  Mines.  Houghton,  Mich., 
E.  M.  and  B.  S.  1904-08,  Min.  Engr.  and  Foreman,  Pickands  Mather  Co.  1909, 
Min.  Engr.,  Oliver  Iron  Min.  Co.  1910,  Drilling  and  exploration  on  the  Cuyuna 
Range,  Paul  D.  Willard  A,  Co.  1912-15,  Drilling  and  exploration.  Reportinig^on 
mining  properties,  Aitkin  Exploration  Co. 

Piioent  poflition:  Tecluucal  m^n,  Aetna  Explosive  Co.,  Inc.  i; 
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Joseph  Markley  Bradley,  Florence,  Colo. 

Proposed  by  L.  V.  Emanuel,  H.  H.  Utlejr,  Charles  W.  Comstock. 

Bom  187G,  St.  Louis,  Mo.  1901,  Grad..  Ck)lorado  School  of  Mines,  E.  M.  1905- 
06,  Surveying  at  Ely,  Nev.  1907,  Engr^  Austin  Manhattan  Min.  Co.,  Austin,  Nev. 
1911.  Asst.  &ipt..  May  Day  Gold  Min.  Co. 

Present  position:  Supt.,  Shenandoah-Dives  Mines. 

Guillermo  Brockmann.  New  York,  N.  Y. 

Proposed  by  E.  Girault,  Willard  S.  Morse,  H.  R.  MacMichael. 

Bom  1870.  Guanajuato,  Rep.  of  Mexico.  Mining  School  of  Guanajuato  and 
Government  Schoob  of  Mexico  City.  1894.  Organizer  of  Cia.  Minera  Esperanza  y 
Anexas  (Esperanza  Min.  Co.):  Organizer  or  Compania  Minera  Las  Dos  Estrellas. 
S.  A.  of  £1  Oro,  Mex.,  of  which  I  was  the  Treasurer  and  a  member  of  the  Board  oi 
Directors  in  the  Cit^  of  Mexico  until  1914.  when  I  left  the  City  of  Mexico  to  establish 
invself  in  business  m  New  York  Citv.  Organizer  of  Soci6t6  d'Affinage  des  M^taux 
(»>ciedad  Afinadora  de  Metales)  with  French  and  Mexican  capital  for  the  establish- 
ment of  a  refining  plant  in  the  City  of  Mexico.  Member  of  the  Board  of  Directors  of 
this  companv  since  its  incorporation.  Organizer  and  controlling  partner  of  Compafiia 
Minera  Keal  de  Arriba,  Temascaltepec,  Mex.  Connected  in  different  capacities  with 
several  other  mining  concerns  in  Pachuca,  Lower  California,  Sonora  and  Jalisco  States, 
Mexico. 

Present  position:  Partner  in  the  banking  firm  of  G.  Brockmann  &  Co. 

Edmund  Ernest  Campbell,  Anyox,  B.  C,  Can. 

Proposed  by  A.  J.  Bone,  William  J.  Hamilton,  Wade  L.  Wetmore. 

Bom  1880,  Belmont,  P.  E.  I.  1898,  Country  school.  1898-1901,  Prince  of 
Wales  Collie,  Charlottetown,  P.  E.  L  1904-08.  McGill  Univ.,  Montreal,  B.  Sc.  in 
Min.  Engrg.  1911,  McGill  Univ.,  M.  Sc.  in  Geology,  Mineralogy  and  Ore  Deposits. 
1901-04,  Ck>al  miner,  Crows  Nest  Pass,  B.  C.  1908-10,  varied  experience  in  Cobalt 
and  Gowcnnda,  Ontario;  Lead.  S.  D.;  Phoenix,  B.  C.  1910-11,  Engr.,  Granby  Mines, 
Phoenix,  B.  C.  1911-14.  Field  Engr.,  Granby  Cons.  Min.  Smelt  4s  Power  Co.,  Ltd. 
1914-15,  Supt.  Granby  Co.,  Valdez,  Alaska. 

Present  position:  1915  to  date;  Supt.  of  mining  operations  in  Anyox  District. 

Ralph  R.  Carter,  Audenried  JlJarbon  Co.,  Pa. 

Proposed  by  C.  F.  Huber,  Douglas  Bunting,  Walter  Fahringer. 

Bom  1878,  Mauch  Chunk.  Lawrenceville.  1898.  West  Jersey  Academy.  1902, 
Lafayette  College.  1902,  Chainman,  Noteman  and  Transitman,  Lehigh  and  Wilkes- 
Barre  Coal  Co,  Wyomins  Division.  1907,  Transitman^  Division  Engr.,  Lehigh  and 
Wilkes-Barre  Coal  Co.  Honey  Brook  Division. 

Present  position;  Division  Engr.,  Lehigh  and  Wilkes-Barre  Coal  Co. 

Herbert  Edward  CoUbran,  Denver,  Colo. 

Proposed  by  D.  W.  Bmnton.  Irving  T.  Snyder,  H.  S.  Munroe. 

Bom  1879,  London,  Endand.  1886-88L  Ohio  Public  Schools.  1889-95,  Colorado 
Public  Schools.  1895-98.  Jarvis  Hall  Mihtary  Academy,  Denver.  1901-02,  Univ. 
of  ChiciMO.  1899-1901,  Assayer,  Punjom  Mines,  Pahang,  Straits  Settlements.  Asst. 
Mip-.,  Kechau  Gold  Mines,  rahang.  Straits  Settlements.  1902-10,  Seoul,  Korea 
Railway  and  General  Contracting  with  CoUbran-Bostwick  Dev.  Co. 

Present  position:  1910  to  date;  Secretary  and  Treasurer,  Seoul  Min.  Co.  and  Coil- 
bran  Bostwick  Dev.  Co.,  operating  mines  in  Korea  and  Mexico. 

William  H.  Cooper,  El  Paso,  Tex. 

Proposed  by  Walter  M.  Dmry,  David  Cole,  R.  F.  Manahan. 

Bom  1878.  Meaford,  Ont.,  Can.  1886-96,  Grammar  and  High  School,  Meaford 
and  Stratford,  Ont.  1902-04,  Student.  International  Corr^ondence  Schools, 
Mining  Course.  1898-1901,  Millman,  Detroit  Copper  Min.  Co.,  Morenci,  Ariz. 
1901-03,  Millman.  Montezuma  Copper  Co.,  Nacozari,  Son.,  Mex.  1903-07,  Mill 
Foreman,  Green  dananea  Copper  Co.j  Cananea,  Son.,  Mex. 

Present  position:  1907  to  date;  Milling  Supt.,  Minas  Tecolotes  y  Anexas. 

Alfred  Nicks  Detweiler,  Sprinsfield,  111. 

Proposed  by  Otto  Ricemann,  B.  A.  Wheeler,  H.  A.  Buehlen 

Bom  1884,  Lebanon,  Mo.  Common  Schools.  Normal  Schools  in  Missouri. 
Business  College  education.  1906-10,  Missouri  School  of  Mines,  Rolla.  Mo..  B.  S. 
in  Min.  Engtg.    1910-11,  Chemist  and  Yard  Foreman,  Altoona  Zinc  Co«,  Altoona, 
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Kana.  1012,  Chemist,  Lanyan-Starr  Smelt.  Co.,  Bartlesville,  Okla.;  National  Zinc 
Co.,  Bartlesville,  Olda.;  three  different  times  for  short  periods,  twice  as  Chemist  and 
last  as  Asst.  Supt. 

Present  position:  1013  to  date;  Supt.,  National  Zinc  Co. 

Percy  Williams  Donovan,  Minneapolis,  Minn. 

Proposed  by  E.  J.  Longyear,  John  E.  Hodge.  Francis  W.  Collins. 

Bom  1870.  St.  Charles,  Minn.  1808^  Minnesota  School  of  Mines.  1004-05. 
Grad.,  Columoia  School  of  Mines,  M.  E.  1800-1000,  Assayer  and  Chemist,  National 
Gold  Ked.  Co^  Florence,  Colo.  1001-03,  Foreman,  Precipitation  and  Ref.  Depts., 
Union  Plant,  U.  S.  Red.  A  Ref.  Co.,  Florence,  Colo.  1005,  Engr.,  E.  J.  Longrear, 
Hibbing,  Minn.  1006-16,  Supt.  of  eimloration  on  Cuyiina  Range,  Brainerd,  Mum., 
for  £.  J.  Longyear  and  E.  J.  Longyear  Co. 

Present  position:  Supt.  of  Contract  Drilling,  E.  J.  Longyear  Co. 

Boyd  Dttdley^r^  State  Collece,  Pa. 

Proposed  by  M.  O.  Hofman,  Carle  R.  Hayward,  W.  R.  Crane. 

Bom  1887.  Hamilton,  Mo.  1008.  Missouri  School  of  Mines,  B.  S.  1010,  Mis- 
souri School  01  Mines,  M.  S.  1012,  Mass.  Inst,  of  Technoloffy,  M.  S.  1015,  Missouri 
School  of  Mines,  Met.  E.  1008-11.  Instmctor  in  Metallurgy  and  Ore  Dressing, 
Missouri  School  of  Mines.  1011-12,  Grad.  Student,  Mass.  Inst,  of  Technology. 
1012-13,  Asst.  Supt.,  Asbestos  Shingle  Co.,  Nashua,  N.  H. 

Present  position:  Asst.  Prof,  of  Met.,  Pennsylvania  State  College. 

Paul  Emile  Dtdieuz,  New  York.  N.  Y. 

Proposed  by  £.  Saladin,  John  B.  Porter.  Frank  D.  Adams. 

Bom  1881.  St.  Etienne,  France.  Complete  college  education  in  Lyons  and  Paris. 
France.  1001-03,  Student  (after  an  entrance  competition)  at  Polytechnic  School  oi 
Paris.  1004r-O7,  Grad.,  Hi^  School  of  Mines  of  Paris.  1007-14,  Prof,  of  Min. 
Engrg.,  Laval  Polytechnic  School,  Montreal,  Canada.  Provincial  analyst  to  the 
Quebec  Bureau  of  Mines,  Cons.  Mm.  Engr. 

Present  position:  lieut.  in  the  French  Army,  with  the  French  Commission  in  New 
York. 

John  Somerville  Dymock,  Warren,  Aris. 

Proposed  by  Alexander  V.  Dye,  Ira  B.  Joralemon,  Leon  Feuchdre. 
Bom  1886,  Calumet,  Mich.     1006^  Grad.,  Calumet  High  School.     1013,  Grad., 
Pittsburgh  School  of  Mines,  Univ.  of  Pittsburgh. 

Present  position:  1013  to  date;  Min.  Engr.,  Calumet  A  Arizona  Min.  Co. 

Ira  William  Farrand,  Butte,  Mont. 
Proposed  by  J.  H.  Wamer,  G.  G.  Vivian,  Oscar  Rohn. 

Bom  1880,  Ireton,  Iowa.     1010-13,  Univ.  of  Wisconsin.     1013-14,  Anaconda 
Copper  Co.  (mines).     1014-15.  Asst.  Min.  Engr.,  East  Butte  Copper  Min.  Co. 
Present  position:  1015  to  date;  Shift  boss.  East  Butte  Copper  Min.  Co. 

Nazimo  Macambyra  Monte  Flores,  Bahia,  Brasil,  So.  Amer. 

Proposed  by  F.  Lynwood  Garrison,  H.  M.  Chance,  R.  H.  Sanders. 

Bom  1880.  Bahia.  Braiil.  1010,  Graduate  in  Raihroad  Engineering,  Eseola  de 
Engenharia,  Rio  de  Janeiro.  Brasil.  1013,  Graduate  in  Mining  Engineering,  I.  C. 
Schools,  Scranton,  Pa.  1010,  Employed  as  Surveyor  in  railroad  location  and  explora- 
tory work.  Brasilian  Federal  Glovemment.  1014,  Examining  prospects  for  the 
Empresa  Bahima  de  Mineracas  (Bahia  Min.  Co.).  1016.  American  Consulate  OflBoe. 
Few  days  in  the  hinterland  of  Bahia  as  an  assistant  to  Mr.  Garrison. 

Present  position:  Examining  prospects. 

Stuart  W.  French,  Douglas,  Aris. 

Proposed  by  Grant  H.  Dowell.  Forest  Rutherford,  H.  O.  Hammond. 

Bom  1867,  Dansville,  N.  Y.  1880,  Amherst  CoU^,  B.  S.  1000-06,  Aast. 
Supt.,  Copper  Queen  Cons.  Min.  Co.  1006-10,  Asst.  Genl.  N^.,  Copper  Queen 
Cons.  Min.  Co.     1010-16.  Genl.  Mgr..  Copper  Queen  Cons.  Min.  Co. 

Present  position:  Genl.  Mgr.,  Phelps,  Dodge  A  Co.,  Inc. 

Thomas  Hemdon  Gamett,  Tucson,  Aris. 

Proposed  by  R.  P.  Paul,  Cony  T.  Brown,  S.  Ringlund. 

Bom  1885,  Sharon,  Mo.     1005,  High  School,  Pueblo,  Colo.    1011,  GnuL,  Colo- 
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rado  School  of  Mines,  M.  E.     1911-12,  City  Engineer's  Office,  Butte,  Mont.     1912 
to  present,  Engr.^  Empire  Zinc  Ck>j  Supt.,  San  Xavier  Mine  of  Empire  Zinc  Co. 
Present  position:  Supt.,  San  Aavier  Mine. 

Anton  Martin  Gronningsater.  Kristiansand  S.,  Norway. 

Proposed  by  V.  Hybinette.  R.  W.  Deacon,  E.  A.  C.  Smith. 

Bom  1880,  Hjirandf jord,  Norway.  1896-1900,  Grad.,  Technical  School  in  Trond- 
hjem,  Norway,  Chem.  Ensr.  1900-04,  Asst.  in  Chemical  Laboratory,  same  school. 
1903,  Studied  at  the  Royal  Mining  Academy,  Freiberg,  Saxonv.  1905,  Employed  in 
smeltinff  works  in  Canada.  1909,  Smelter  Supt.,  Refinery  Supt.,  and  Genl.  Mgr., 
Eoji  Nikkilverk  and  Kristiansands  Nikkelraffinerin^sverk,  Kristiansand,  Norway. 

Present  position:  Genl.  Mgr.,  Kristiansands  Nikkelraffineringsverk. 

J.  Glenn  Haidi,  Silver  City,  N.  Mex. 

Proposed  by  S.  Ringlund,  R.  B.  Paul,  Cony  T.  Brown. 

Bom  1884,  Fairview,  Kans.  1906,  Ottawa  Univy^  Ottawa,  Kans.,  B.  Sc.  1906  to 
date.  Empire  Zinc  Co.  Two  years'  office  work  in  Denver  and  Cafion  Qty.  Two 
years  Asst.  Chemist,  and  four  years  Chief  Chemist  at  Cafion  City,  Colo.  Two 
years'  mill  work  at  Cafion  City,  and  at  the  Cleveland  Mine,  Silver  City,  N.  Mex. 

Present  position:  Mill  Supt.,  Cleveland  Mine. 

William  S.  Hall,  Miami,  Ariz. 

Proposed  by  C.  E.  Mills,  Rudolf  Gahl,  Guy  H.  Ruggles. 

Bom  1886^  Winfield,  Kans.  1905-09,  Missouri  School  of  Mines  and  Metallurgy, 
B.  S.  in  E.  M.  Entered  college  from  ICansas  City  Manual  Training  High  School, 
Kansas  City,  Mo.  1909-12,  Met.,  Mill  Supt.,  cyanide  work,  U.  S.  Smelt.  Ref .  &  Min. 
Co.,  Paohuca^  Hpo.,  Mex.  1912.  Shift  boss,  Hollinger  MilL  Timmins,  Ont^  Canada. 
1912-13.  Designm^  Engr.,  Res.  Mgr.,  St.  Anthony  Mine,  Sturgeon  Lake,  Ont.,  Can- 
ada.    1913-15,  Shift  boss.  No.  2  Mine,  Ray  Cons.  Copper  Co.,  Ray,  Ariz. 

Present  position:  Flotation  Operator,  LEispiration  Cons.  Copper  Co. 

Kay  Weston  Hart,  Cananea,  Son..  Mex. 

Proposed  by  Morris  J.  Elsing,  Walter  A.  Richelseii,George  Kingdon. 

Bom  1885,  Minden,  Nebr.  1907-10,  Univ.  of  Wisconsin.  1911-12,  Univ.  of 
Wisconsin.  C.  E.  1914-16,  graduate  work  in  geology,  Univ.  of  Wisconsin.  1910-11, 
Civilian  Engr^  Corps  ot  Engineers,  U.  S.  A.  1912-14,  Civilian  Engr.,  Corps  or 
Ennneers,  U.  S.  A.     1916.  GeoL,  Cananea  Cons.  Copper  Co.,  Cananea,  Son.,  Mex. 

Present  position:  Geo!.,  Cananea  Cons.  Copper  Co. 

Terrell  Gaines  Hawkins,  Jr.,  Hillsboro.  Tex. 

Proposed  by  A.  J.  McQuatters,  W.  J.  Deavitt,  William  D.  Gordon. 

Bom  1885,  Elillsboro,  Tex.  1891-98,  Public  Schools,  Hillsboro,  Tex.  1899-1902, 
Private  Schools,  Hillsboro,  Tex.  1903-04,  Carlisle  Military  Institute,  Arlington, 
Tex.  1905-06,  Texas  State  Univ.,  Austin.  Tex.  1907,  Sturgis  National  Bank,  Hills- 
boro, Tex.  1908-12,  Mine  Surveyor  and  Asst.  Mine  Supt.,  The  Alvarado  Min.  & 
Mill.  Co.,  Parral,  Chih.,  Mex.  1912-14,  Supt.  of  Mines,  The  Alvarado  Min.  &  Mill. 
Co.,  Paral,  Chih.,  Mex. 

Present  position:  1914  to  date;  Asst.  Mgr.,  The  Alvarado  Min.  &  Mill.  Co.,  Parral, 
Chih.,  Mexico. 

Harry  Duff  Hunt,  Miami,  Ariz. 

Proposed  by  B.  B.  Gottsberger,  Frederick  W.  Solomon,  R.  B.  Yerxa. 

Bom  1886,  Baltimore,  Md.  1900-04.  Baltimore  Polytechnic  Institute.  1905-09, 
Colorado  School  of  Mines,  E.  M.  1906,  summer,  Baltimore  Copper  S.  &  R.  Co., 
Baltimore,  Md.  1907-08,  Baltimore  Copper  S.  &  R.  Co.,  Baltimore,  Md.  1909-11. 
Millman.  Utah  Copper  Co.  1910-11,  Chemist,  Garfield  Smelt.  Co.  1911-15,  Chief 
Chem.,  Miami  Copper  Co. 

Present  position:  Research  Engr.,  Miami  Copper  Co. 

Harry  G.  Hunter,  Corinth,  Vt. 

Proposed  by  John  H.  Allen,  H.  H.  Knox,  William  H.  Shearman. 

Bom  1881,  Andalusia,  Pa.  1898,  Manual  Training  High  School.  Philadelphia. 
1899,  Banks  BusLQess  College.  1900-02,  Night  courses  mechanical  drawing  and 
engineering  in  evening  high  school  and  Franklin  Institute.  1899-1905,  Pencoyd 
Plant,  American  Bridge  Co.,  Mechanical  and  Yards  and  Buildings  Dept.     1905-06, 
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Knox  and  Allen,  New  York.  1906-07,  Supt.,  Pike  Hill  Mines.  1007-09,  Knox  and 
Allen.  New  York.  1909-11,  Mech.  Engr.,  American  Felt  Co.  1911-15,  Member 
firm  M.  W.  Allen  Construction  Co..  Walpole. 

Present  position:  1915  to  date;  Mgr., Pike  Hill  Mines. 

Hennann  Kildal,  Cripple  Creek,  Colo. 

Proposed  by  John  D.  Hawkins,  Fred  W.  Crosley,  G.  A.  Swanquist. 

Bom  1874,  Norway.  Grad.,  Christiania  Technical  School,  C.  E.,  Norway.  Last 
10  years  general  minmg  engineering.  Held  commission  U.  d.  Min.  Surveyor.  At 
times  engaged  in  mining. 

Present  position:  Mm.  Engr. 

Oscar  Lee,  Anaconda,  Mont. 

Proposed  by  C.  R.  Wraith,  Charles  D.  Demond.  Enoch  A.  Barnard. 

Born  1892,  Minneapolis,  Minn.  1916,  Grad..  Minnesota  School  of  Mines,  E.  M. 
1913,  two  months.  Sampler,  Schenango  Mine,  Cnisholm,  Minn.  1914,  on  vsduation 
survey  work,  Great  Northern  Ry.  Co.  1915,  summer  work  at  Washoe  Smelter,  Ana- 
conda, Mont. 

Present  position:  Testing  Dept.,  Washoe  Smelter,  Anaconda  Copper  Min.  Co. 

William  Wells  Logan,  Ely,  Nev. 

Proposed  by  E.  E.  Carpenter,  E.  S.  Cunningham,  H.  M.  Alley. 

Bom  1881,  Banff,  Scotland.  1899-1&01,  Oakland  High  School.  Oakland,  Cal. 
1902-07,  Univ.  of  Cal.,  B.  S.  1907-10,  Field  man  for  the  City  of  Tucson,  Aria.; 
Deputy  Coimty  Surveyor,  for  the  county  of  Pima,  Ariz. ;  Field  man  for  the  engineering 
firm  of  Dietrich  &  Groetz.  1910-11,  Custom  surveying.  1911-13.  Min.  Engr.  and 
Asst.  Supt^ Atlas  Wonder  Min.  Co.,  Wonder,  Nev.  1913-16,  MiUman,  Churchill 
Mill.  Co.,  Wonder,  Nev. 

Present  position:  1916  to  date;  Asst.  Supt.,  TJ.  S.  Tungsten  Corpn. 

£.  Lynden  Longmore,  Timmins,  Ont.,  Canada. 

Proposed  by  P.  A.  Robbins,  A.  R.  Glove,  L.  B.  Eames. 

Bom  1884,  Emesttown.  1901,  matriculated  after  regular  public  and  high  school 
course.  1912,  Queens  Univ.,  Kingston,  Ont.,  B.  Sc.  in  Min.  Engrg.  1911.  A^t. 
Engr.,  Bankhead  Coal  Mines,  Ltd.,  Bankhead,  Alta.  1912,  Asst.  to  R.  G.  McConnel, 
Geol.  Survey  of  Canada. 

Present  position:  1912  to  date;  Chemist,  and  general  metallurgical  work,  HoUinger 
Cons.  Gold  Mines. 

Clyde  Stanley  Longyear,  Minneapolis,  Minn. 

Proposed  by  E.  J.  Longyear,  John  E.  Hodge,  E.  C.  Harder. 

Bom  1891,  Duluth,  Mum.  1911-13,  Williams  College.  1914-15,  Univ.  of  Wis- 
consin. 1912,  summer.  Field  Geology,  E.  J.  Longvear  Co.  1913,  summer,  Field 
Geolocnr,  E.  J.  Longyear  Co.  1914,  Manufacturing  Dept.,  E.  J.  Longyear  Co.  1916, 
Geol.,  13.  J.  Lon^ear  Co^  Sudbury,  Ont. 

Present  position:  E.  J.  Longyear  Co. 

Tames  Osbom  Lord,  Gary,  Ind. 

Proposed  by  Harry  E.  Nold,  Franklin  A.  Ray,  George  H.  Morse. 
Bom  1891.  Columbus,  O.     1909,  North  High  School,  Columbus,  O.     1915,  Ohio 
State  Univ.,  B.  of  Chemical  Engrg. 

Present  position:  1915  to  date;  Met.  Inspector,  Illinois  Steel  Co. 

£.  H.  Lundquist,  Superior,  Ariz. 

Proposed  by  J.  M.  Callow,  W.  H.  Aldridge,  W.  C.  Browning. 

Bom  1874,  Salt  Lake  City,  Utah.  1894,  Grad.,  Public  Schools,  Salt  Lake  City, 
Utah.  1899-1900,  Special  course,  Univ.  of  Utah.  1900-01,  Assay  offices,  Salt  Lake 
Citv.  1901-02,  Charge  of  Sheba  Mine.  Humbolt,  Nev.  1902-08,  Chemical  woi^ 
and  charge  of  development  work,  Utah  Cons.  Mine,  Bingham,  Utah.  1908-12,  Supt. 
and  Mgr.,  South  Utah  Mines  and  Smelters,  Beaver  Co.,  Utah.  1912-14,  Asst.  l^pt., 
Inspiration  Cons.  Co.,  Miami,  Ariz. 

Present  position:  1914  to  date;  Supt.,  Magma  Copper  Co. 

Bernard  M.  McAtee,  Miami,  Ariz. 

Proposed  by  Guy  H.  Ruggles,  C.  E.  Mills,  Rudolf  Gahl. 

Bom  1879,  St.  Louis,  Mo.  1888-98,  Grammar  and  High  Schools,  Denvq^  Colo. 
1899-1903,  Univ.  of  Cal.,  Min.  Dept..  B.  S.  1903,  U.  S.  Coast  A  Geodetic  Sunrey, 
Alaska.     1903-04,  Surveyor,  Bay  Cities  Water  Co.,  San  Jose,  CaL     1904-06,  Amal- 
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gamator,  Gold  King  Mines,  Silver  City,  Colo.  1906-08,  MOl  night  foreman,  Gold 
Frince  Mines,  Silver  City,  Colo.  1908-10,  Mill  shift  foreman,  florenoe  Mine,  Gold- 
field,  Nev.  1910-12.  Mill  Supt.,  Arizona  Parral  Co.,  Parral.  Mex.  1912-13,  Mine 
Supt^  Penoles  Min.  Co.,  Santa  Barbara,  Mex.  1913-14,  Mill  operator,  Detroit  Cop- 
per Co.,  Morenci,  Ariz.  1914-15,  Flotation  operator.  Inspiration  Cons.  Copper  Co. 
PreMnt  position:  1915  to  date;  Flotation  Foreman,  Inspiration  Cons.  Copper  Co. 

James  Homer  McCormick,  Marysville,  Mont. 

Proposed  by  C.  W.  Goodale.  George  T.  McGee,  Rudolph  Emmel. 

Bom  1871,  Adams  Co.,  111.  1885-88,  High  Sohool,  Princeton,  HI.  1902-03, 
Scranton  Correspondence  School.  1894,  Steam  Engr..  Salt  Lake  Copper  Co.  1895- 
96,  Mill  Foreman,  U.  S.  Economic  Red.  Co.  1897,  Mill  Foreman,  Holy  Cross  M.  & 
M.  Co.  1898-99,  Mill  Foreman,  Are<ma  Red.  Works.  1900-01,  Mill  Foreman, 
Central  Montana  M.  Co.  1902.  Mine  Foreman,  Barnes  King  Dev.  Co.  1903-05, 
Supt.,  Gold  Reef  M.  Co.  1905-06,  MiU  Foreman.  Crooked  River  M.  &  M.  Co. 
1907-08,  Mill  Foreman,  Skidoo  Mines  Co.  1909-10,  Mill  Foreman,  Barnes  King 
Dev.  Co.  1911-12,  Maginnis  Lease,  Maiden,  Mont.  1914-15,  Supt.,  Barnes  King 
Dev.  Co. 

Present  position:  Supt.,  Piegan-Gloster  Property,  Barnes  King  Dev.  Co. 

Felix  McDonaldL  Miami.  Ariz. 

Proposed  by  C.  E.  Arnold,  Geoige  R.  Lehman,  C.  E.  Mills. 

Bom  1875,  Dalton-in-Fumess,  ikncashire,  England.  Public  school  education  in 
Lancashire,  England,  and  in  Wisconsin.  1889-1903,  Mining  and  boshing  in  Michigan, 
Wisconsin  and  Utah.  1903-06,  Mine  Supt.,  Bingham  Copper  Gold  Mm.  Co.,  Bmg- 
hain.  Utah.     1906-13,  Mine  Supt.,  Ohio  Copper  Co.,  Bingham,  Utah. 

Present  position:  1913  to  date;  Mine  Supt.,  Inspiration  Cons.  Copper  Co. 

George  Mieyr,  Bisbee,  Ariz. 

Proposed  by  G.  F.  G.  Sherman,  Arthur  Notman,  Charles  A.  Mitke. 

Bom  1870,  Calumet,  Mich.  1884-90,  Apprentice  and  Machinist,  Calumet  & 
Hecla  Min.  Co.  1890-94,  Shop  Foreman,  Boston  Montana  Min.  Co.,  Butte,  Mont. 
1897-1901,  Machinist.  Copper  Queen  Cons.  Min.  Co.  1902-05,  Master  Mechanic, 
Cidumet  a  Arizona  Min.  Co. 

Present  position:  1905  to  date;  Master  Mechanic,  Copper  Queen  Cons.  Min.  Co. 

Stanley  B.  Moore,  Bacchus,  Utah. 
^     Proposed  by  C.  W.  Stimpson,  J.  B.  Ambler.  Ernest  Gayford. 

Bom  1877,  Philadelphia,  Pa.  1895,  Public  Schools  of  Philadelphia  including 
Central  High  School.  1897-1901,  Univ.  of  Pennsylvania,  B.  S.  in  E.  E.  1895-97 
and  summer  vacations  to  1901,  Electric  Storage  Battery  Co.,  Philadelphia,  in  various 
capacities.  1901-03,  Helios-Upton  Co.  of  Chicago,  Storage  Batteries.  1903-13, 
E.  I.  duPont  de  Nemours  Powder  Co.  and  subsidianes  in  various  locations. 

Present  position:  1913  to  date;  Supt.,  Bacchus  Works,  Hercules  Powder  Co. 

John  More,  Port  Colbome,  Ont.,  Can. 

Proposed  by  Robert  B.  Stanton.  John  F.  Thompson,  W.  A.  Bostwick. 
Bom  1870,  Scotland.    General  education.     1888-1916,   holding  various   posi- 
tions, International  Nickel  Co.,  Bi^onne,  N.  J. 

Present  position:  Genl.  Mgr.,  International  Nickel  Co.  of  Canada,  Ltd. 

George  Morrte,  DeLancey.  Jefferson  Co.,  Pa. 

Proposed  by  Thomas  A.  Pumiss,  John  McLeavy,  James  B.  Cook. 

Bom  1877,  Westmoreland  Co.,  Pa.  Common  School  education.  One  term  at 
Westem  Pennsylvania  Classical  and  Scientific  Institute.  Five  years  firing  boilers 
and  running  stationary  engines;  one  year  as  trapper;  two  years  as  oiler.  South  West 
Coal  &  Coke  Co.,  Alverton.  Pa.  One  year  as  Chainman,  H.  C.  Frick  Coke  Co., 
Seottdale,  Pa.  Two  years,  Transitman  and  Draftsman,  Keystone  Coal  &  Coke  Co., 
Greensburg,  Pa.  Two  years,  Min.  Engr.,  Horword  Gas  Coal  Co.,  Greensburg,  Pa. 
Three  years,  Engr.  and  Supt«  Penobscot  Coal  Co.,  Greensburg,  Pa.  Three  years, 
Supt.,  Jamison  Q>al  A  Coke  Co.,  Greensburg,  Pa.  Two  years,  Min.  Engr.,  Quema- 
honing  Coal  Co.,  Somerset,  Pa. 

Present  position:  Supt.,  Adrian,  Florence  and  Elk  Run  Shaft,  Rochester  and 
Pittsbuig  Coal  d^  Iron  Co.|  Punzsutawney,  Pa. 
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Herbert  George  Moulton,  New  York,  N.  Y. 

Proposed  by  Robert  M.  Kaymond,  Walter  H.  Aldridge,  Lucius  W.  Mayer. 

Bom  1883,  Bellevue,  Idaho.  1905,  Univ.  of  Oregon,  B.  8.  1909  to  date,  Min. 
Engr^  Eugene  Meyer,  Jr.,  A  Co.,  New  York,  N.  Y.  1915  to  date.  Cons.  Min.  £ngr., 
The  Public  Service  Commission  for  the  First  District,  State  of  New  York. 

Present  position:  Consulting  Engineer. 

Jobn  Francis  Murphy,  Minneapolis.  Minn. 

Proposed  by  Rukard  Hurd,  Edward  P.  McCarty.  W.  R.  Appleby. 

Bom  1880,  Litchfield,  Minn.  High  School,  Litchfield,  Minn.  1906,  Univ.  of 
Minn.,  Civ.  Engr.  1906-07,  Stmctural  Steel  work,  American  Bridge  Co.,  Ambridge, 
Pa.  190&-13,  Min.  Enfprg.,  Oliver  Iron  Min.  Co.,  Duluth,  Minn.  1913-16, 
Instmctor  in  Mining,  Mmnesota  School  of  Mines,  Univ.  of  A^nnesota,  and  Min. 
En^.  for  the  Minnesota  Tax  Commission. 

Present  position:  Instructor  in  Mining,  Minnesota  School  of  Mines,  Univ.  of 
Minnesota. 

Henry  Clinton  Nelson,  Metcalf,  Ariai. 

Proposed  by  R.  B.  Earling,  P.  B.  Scotland,  A.  L.  Ferris. 

Bom  1889.  Empire,  Colo.  1906,  High  School,  Georgetown,  Colo.  1906-10, 
Miner,  East  Argentme  Min.  Co.,  G€K)rgetown,  Colo.  1911,  Sampling  Dept^  Ray 
Cons.  Copper  Co.,  Ray,  Ariz.  1912,  Mine  and  Sampling  Dept.,  Ray  Central  0:>pper 
Co..  Ray,  Ariz.  1913-14,  Miner,  Empire  Tunnel  Co.,  Empire,  Colo.  1914-15, 
Shift  Boss  and  Foreman,  King  Mine,  Arizona  Copper  Co.,  Metcalf,  Ariz. 

Present  position:  Foreman,  King  Mine,  Arizona  Copper  Co. 

Domingo  Nogues,  Washington,  D.  C. 

Proposed  by  Max  W.  Ball,  W.  A.  Williams,  Van  H.  Manning. 

Bom  1868,  Mercedes  (Prov.  of  Buenos  Avres),  Argentine.  1887,  Toulouse  Univ., 
B.  Sc.  Attended  Lycte  Saint  Louis,  Paris,  where  I  was  a  member  of  the  class  of  Math- 
6matiG[ues  Speciales.  Entered  on  competitive  examination,  the  Ecole  Nationale 
Sup^rieure  des  Mines,  in  Paris,  and  received  in  1894  the  Diplome  Sup^rieur  d'lng^eur 
Civil  des  Mines.  Traveled  in  Western  France  and  Belgium  to  examine  the  Douges 
Coal  Mines.  For  two  years  was  superintendent  of  the  flour  mills  in  Mercedes,  Argen- 
tina. Until  1897,  was  a  member  of  the  advisory  commission  of  the  Banco  de  la  Naci6n 
Argentine,  Mercedes  Branch.  I  afterward  prospected  for  the  Government  in 
Argentina  and  drilled  for  water  in  Catamarca  Province.  I  continued  my  prospecting 
for  gold  in  Puna,  Jujuy  Province,  and  carried  on  work  along  this  line  for  several 
companies.  I  also  spent  some  time  in  examining  fields  for  gold  dredfi^K  in  Tierra  del 
Fuego.  For  several  yean  I  was  consulting  engineer  for  the  Compafiia  Minera  Sierra 
de  Mines,  in  the  Province  of  Rioja.  which  position  I  have  held  up  to  the  present  year. 
Present  position:  Commissioned  by  the  Argentine  Oovemment  to  investigate  and 
report  on  the  petroleum  industry  in  the  United  States,  Mexico,  Roumania,  GaliciA, 
and  Russia. 

Karl  Eloff  Olsen,  East  Chicago,  Ind. 

Proposed  by  G.  P.  Hulst,  Fred  P.  Clark,  Charles  Lindmueller. 

Bom  1883,  Sweden.  LindsborK  High  School:  Bethany  Academy.  1901-05^ 
Bethany  College,  A.  B.,  Chemistry,  Geology,  Mineralogy.  1905-07,  Univ.  of  Kansas. 
1907-68,  Scholarship,  Yale  Univ. :  Special  studies  at  Armour  Institute  of  Technology. 
1912,  Univ.  of  Chicago.  1908-09,  United  Zinc  A  Chemical  Co.,  Kansas  Citv^Kana. 
1910,  Lackawanna  Steel  Works,  Buffalo,  N.  Y.  1911,  Mallinckrodt  Chemical  Works, 
St.  LouiS;  Mo.  1912,  Swift  A  Co.,  Chicago,  111.  1913,  Goldschmidt  Detinning  Co^ 
East  Chicago,  Ind. 

Present  position:  Chemist,  Goldschmidt  Detinning  Co. 

Michael  Frederick  Olwage,  West  Allis,  Wis. 

Proposed  by  F.  W.  Traphagen.  W.  G.  Haldane,  Harry  J.  Wolf. 

Bom  1889,  Kimberley,  So.  Africa.  1909,  Matriculation  graduate.  Three  and 
one-half  years  at  Durban  College,  Natal,  So.  Africa.  1910-11,  Completed  a  course 
of  Manual  Trainins;  at  Speo  Bona  TrauiinK  Centre,  Johannesburg.  1913-16,  Com- 
pleted a  course  in  Steam  Engineering,  Milwaukee  School  of  Engineering,  evenings. 
1910-11,  worked  in  the  Reduction  Dept.,  viz.,  Sampler  of  Cyanide  Solutions,  Dressing 
Plates  and  Collecting  Amalgam,  etc.,  Geldenhuis  Deep  Gold  Min.  Go.  1911-12. 
Stope  ^Sampler  and  Computing  Values,  Panning,  Underground  Mining^  etc.,  J. 


Digitized  by 


Google 


American  Institute  of  Mining  Enoinsbbs  xxv 

Simmer  Deep  Gold  Min.  Co.    1912,  Aflsisting  J.  D.  Olwage,  Cyanide.    1012»  Con- 
tractor, etc.,  N.  B.  Geldenhuis  A  Simmer  Deep  Mines,  Johannesburg,  So.  Africa. 
Present  position:  Allia-Chalmers,  erecting  crushers,  hoists,  pump  engines,  eto« 

Morey  Austin  Park,  Parkesburg,  Pa. 

Proposed  by  H.  A.  Beale,  Jr.,  Joseph  T.  Hilles,  A.  A.  Stevenson. 

Bom  1886.  Rummerfield,  Pa.  1902,  Wilmington  Hiffh  School,  \^^lmin{^n,  Del. 
Since  leaving  nigh  school,  have  completed  two  corresponaence  courses;  one  m  chemis- 
try and  one  m  metallography.  1902-04,  Chemical  Laboratory,  Duimond  State  Steel 
Co.,  Wilmington,  Del.  1904-07,  Chemical  Laboratory,  Phoenix  Iron  Co.,  Phoenix- 
ville.  Pa.  1907-08,  Yocum  Eachus  Laboratories,  Newark,  N.  J.  1908-10,  Traveling 
in  the  West  for  health  and  study,  covering  chiefly  the  Rodcy  Mountain  region  from 
Mexico  to  Montana. 

Present  position:  1910  to  date;  Chemist,  Parkesburg  Iron  Co. 

Edward  Franklin  Pelton,  Tyrone,  New  Mexico. 

Proposed  by  Arthur  Notman,  Y.  S.  Bonillas,  G.  F.  G.  Sherman. 

Bom  1877,  Flushing,  New  York.  1898,  Princeton  Univ.,  B.  S.  1902,  Columbia 
Univ.,  E.  M.  1898-1900,  Installation  of  Electrical  Machinery  with  D.  H.  l>arrin  Co.. 
New  York.  1900-02.  Columbia  Univ.  1902-03,  Miner,  Anaconda  Co.  A  Boston  and 
Montana  Co.,  Butte.  1903-06,  Geol.,  Anaconda  Copper  Co.  1906-12,  GeoL, 
Detroit  Copper  Co.,  Morenci,  Ariz.     1912-13,  Examining  Engr.,  Phelps,  Dodge  A  Co. 

Present  position:  1913  to  date;  Mine  Supt.,  Burro  Mountain  Co. 

Charles  Bdgerton  Pickett,  McGill,  Nev. 

Proposed  by  C.  N.  Lakenan,  G.  C.  Riser,  A.  G.  Marsh. 

Bom  1890,  St.  George,  Utah.  1904,  Public  School,  St.  George,  Utah.  1909, 
High  School,  St.  George  and  Provo,  Utah.  1911-13,  Univ.  of  Arizona.  1913-15, 
Umv.  of  Utah.  1910-11,  Operator,  Utah  Copper  Co^  Garfield,  Utah.  1911,  Chain- 
man  and  Classifier  Foreman,  Ray  Cons.  Copper  Co.,  Hayden,  Ariz.  1912,  Mill 
Operator,  Miami  Copper  Co.,  Miami.  Ariz.  1913,  Assayer,  Copper  Queen  Cons. 
Copper  Co.,  Bisbee,  Ariz.  1916-16,  Assayer  and  Foreman,  Cadmium  Plant,  U.  8. 
Smelt.  Co.,  Midvale,  Utah. 

Present  position:  Sampler,  Nevada  Cons.  Copper  Co. 

William  R.  Price.  Marysville,  Mont. 

Proposed  by  C.  W.  Goodale,  P.  M.  McHugh,  George  T.  McGee. 

Bom  1875,  Cardiff,  Wales.  1880-92,  Common  School,  Cafion  City,  Colo.  1894r- 
96,  Miner  and  Foremazi,  Western  Fuel  Co.,  Chandler,  Colo.  1896-98,  Colorado  Fuel 
A  Iron  Co..  Chandler,  Colo.  1898-99,  Mmer,  Barrick  Gold  Min.  Co.,  Quinda,  Colo. 
1901-10,  Mn.,  Empire  Gold  Mines  Co.,  Lapbita,  Colo.  1912-14,  with  Duncan  Mac- 
Vichie,  Salt  Lake  City.     1914-15,  Supt»  Shannon  Min.  Co.,  Marysville,  Mont. 

Present  position:  Supt.,  Shannon  Mine  of  the  Barnes  ^ing  Dev.  Co. 

Dan  Reichel,  Miami,  Ariz. 

Proposed  by  B.  B.  Gottsberger,  Frederick  W.  Solomon,  R.  B.  Yerxa. 

Bom  1888,  Sturgeon  Bay,  Wis.  1912-16,  Univ.  of  Cal.,  B.  S.  in  Mining.  1907- 
08,  Assayer,  C.  E.  Bogardus,  Seattle.  Wash.  1910-11,  Assayer,  Alaska  Treasure, 
Juneau,  Alaska.  1911-12,  Assayer,  Alaska  Perserverance  Min.  Co.,  Juneau,  Alaska. 
1913-16.  summers,  Harvard  Mine,  Jamestown,  C^.  Goldfield  Cons.,  Goldfield, 
Nev.     Aurora  Cons.,  Aurora,  Nev. 

Present  position:  Aast.  Assayer,  Miami  Copper  Co. 

Charles  Robinson,  Friezland,  Queensland,  Aust. 

Proposed  by  Stephen  Harris,  E.  E.  Booth,  P.  L.  Goddard. 

Born  1875,  Westbury,  Tasmania.  State  School  education,  Westbury,  Tasmania. 
Christian  Brothers'  Secondary  School.  Westbury,  Tasmania,  nine  months.  1886, 
14  years'  trainins  at  Smelt.  Works,  Mt.  LyeU,  Tasmania,  from  its  inception  North 
Motint  Lyell  smelting  works.  1900,  Several  years  on  Western  Australian  Goldfields  in 
various  capacities  such  as  mining  mill  work.  1902,  Fremantle  Smelt.  Works,  Western 
Aust.     1906,  United  Reefs  Gympie,  Queensland. 

Present  position:  1910  to  date;  Smelter  Foreman,  ELampden  Cloncurry  Copper 
Mines,  Ltd. 

George  Clark  Rogers,  Mascot,  Tenn. 
Propoised  by  J.  N.  Houser,  H.  A.  Coy,  Charles  B.  Strachan. 
Bom  1893,  Lexington,  Ky.     1901-08,  Graded  Schools.  Lexington,  Ky.     1908-11. 
Morton  High  School,  Lexington,  Ky.    1911-15,  Kentucky  State  Univ.,  College  ot 
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Mines  and  MetaUurgy,  Lexington,  Ky.,  B.  E.  M.  1012,  Glen  Mary  Coal  A  Coke  Ck)., 
Glen  Mary,  Tenn.  1913,  Transitman,  Mineral  Fi«el  Co.,  Fleming,  Ky.  1914,  under- 
ground work,  EHkhom  Min.  Corpn.,  Fleming,  Ky.  1915-16,  Engr.,  American  Zinc 
Co.  of  Tenn.,  Mascot,  Tenn.  Formerly  a  member  of  Student  Branch,  at  College  of 
Mines  and  Metallurgy,  Lexington,  Ky. 

Present  position  fMin.  Engr.,  American  Zinc  Co.  of  Tenn. 

Otto  Ruhl,  Joplin,  Mo. 

Proposed  by  H.  A.  Wheeler,  H.  A.  Buehler,  C.  R.  Forbes. 

Bom  1881,  Republic,  Mo.  1904,  Drury  College,  Springfield,  Mo.,  B.  Sc.  1906, 
Drury  College,  Master'^  Degree  in  Science.  1904-15,  Field  Correspondent,  Lead  and 
Zinc  News,  St.  Louis,  Mo.  Field  Asst.  Missouri  Geological  Survey.  1905-06,  Edi- 
tor, Lead  and  Zinc  Newtt,  Joplin,  Mo.  1906-08,  Doing  some  professional  mining. 
Asst.  City  Engineer  of  Webb  City,  Mo.  190&-11,  Private  work.  Consulting  Min. 
Ensr.  1912,  ^cpert  Witness  and  Min.  Engr.  for  Zinc  Mining  AaK>ciation  of  the 
United  Stotes,  Washington,  D.  C.  Tariff  Revision.  1913-14,  Private  Office,  Con^ilt- 
in^  Min.  Engr.  1915,  Represented  State  of  Missouri.  Designing  and  m»tRlling 
Mmes  Exhibit  at  Panama  Pacific  International  Exposition. 

Present  position:  Private  Office,  Consulting  Mm.  Engr. 

J.  Franklia  Sinclair,  Bisbee,  Ariz. 

rroposed  by  G.  F.  G.  Sherman,  Arthur  N  «tman,  Charles  A.  Mitke. 

Bom  1870,  Nova  Scotia,  Canada.  Early  education  at  Nova  Scotia.  1891-94, 
Miner  in  Leadville,  Colo.  1894-95,  Miner  in  Iron  Mines  of  Nova  Scotia  Steel  Co. 
1895-96,  Leadville,  Colo.  1896-98,  Connected  with  Midnight  Min.  Co.,  Midnight, 
N.  Mex. 

Present  position:  1898  to  date;  Underground  Supt.  of  North  end  of  Copper  Queen 
Cons.  Min.  Co. 

Henry  Bvron  Slater. 

Proposed  by  Seeley  W.  Mudd,  Robert  E.  McConneU,  Philip  Wiseman. 

Bom  1850,  Birmmgham,  England.  1876-79,  Dmry  College,  Sprinsfield,  Mo. 
1879-81,  Brown  Univ.,  Providence,  R.  I.  1882-85,  Cooper  Institute,  New  York, 
N.  Y.  All  study  and  training  along  chemical  and  metallurgical  lines.  1889,  Drury 
College,  M.  S.  1885-90,  in  professional  work  in  electro-metallurgy.  1890-1900, 
Mgr..  Canyon  City  Electric  Light  &  Power  Co.,  Canyon  City,  Colo.  1900-02,  en- 
gaged in  exploration  for  oil  at  various  points  in  C!olo.  1902-05,  in  electrical  work  in 
Cal.  1905-10,  in  mining  and  exploration  in  Mexico  notably  in  lower  CaL  and  also  in 
the  state  of  Cal. 

Present  position:  1910  to  date;  engaged  in  research  work  and  the  development  of 
my  own  inventions — ^notably,  the  Slater  Process  for  the  extraction  of  copper,  etc., 
from  low-grade  ores. 

Raymond  Weir  Smyth,  Youngstown,  O. 

Proposed  by  F.  C.  Langenberg,  Albert  Sauveur,  H.  M.  Boylston. 

Bom  1888,  Baltimore,  Md.  1905-09,  Harvard  College,  A.  B.  1909-11.  Grad. 
School  of  Arts  and  Science.  1913-14,  Grad.  School  of  Applied  Science.  1914-15, 
Grad.  Student,  Camegie  Institute  of  Technology,  Pittsburgh.  1915.  Steel  Lispector 
for  British  Government.  1914-16,  Physical  Laboratory,  American  Steel  A  Wire  Co., 
Worcester. 

Present  position:  Met.  Dept.,  Youngstown  Sheet  A  Tube  Co. 

Frederick  W.  Snow,  Superior,  Ariz. 

Proposed  by  W.  H.  Aldridge,  W.  C.  Browning,  Fred  B.  Ely. 

Born  1883,  Manti,  Utah.  1901-03,  High  School,  Brigham  Young  Univ.,  Provo, 
Utah.  1903-05,  Preparatory  School,  Univ,  of  Utah,  Salt  LaJce  City,  Utah.  1905-09, 
College.  Univ.  of  Utah,  B.  S.  in  Mm.  Enm.  1903-04,  Milling,  Utah  Copper  Co. 
1907-12,  Leasing.  1912-14,  Sampling,  Shift  Boss,  Inspiration  Cons.  Copper  Co. 
1914-16,  Miner,  Shift  Boss,  Magma  Copper  Co. 

Present  position:  Shift  Boss,  Magma  Copper  Co. 

Clarence  O.  Stee,  Cerro  de  Pasco,  Pem,  So.  Amer. 

Proposed  by  C.  Mason  Famham,  Paul  S.  Couldrey,  Myron  R.  Walker. 

Bom  1886,  Dazey.  N.  Dak.  1893-1903,  Common  school  grades,  Dasey,  N.  Dak. 
1904-07,  High  School  and  Preparatory  work,  at  the  University,  N.  Dak.  1907-11, 
Grad.,  Univ.  of  N.  Dak.,  Collie  of  Min.  Ei^rg.,  E.  M.    1912,  Foreman  of  Plant, 
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Bithulitic  Paving  and  Contracting  Co..  Winnipeg,  Man.,  Can.  1012,  Cerro  de  Pasco 
Min.  Co.,  Cerro  de  Pasco,  Peru,  S.  Amer.  1013-14,  Assayer  and  Assistant  in  the 
Engineering  Office^  Cerro  de  Pasco  Min.  Co.  1014-15,  Shift  boss,  Esperanza  Mine, 
Cerro  de  Pasco  Mm.  Co.  1015,  Foreman,  Excelsior  Mine,  Cerro  de  Pasco  Min.  Co. 
1015-16,  Six  months  vacation  to  the  States.  1016,  Shift  boss,  Esperanza  Mine,  Cerro 
de  Pasco  Min.  Co. 

Present  position:  Foreman,  Esperanza  Mines,  Cerro  de  Pasco  Mining  Co. 

George  Richards  Stevens.  Mina,  Nev. 

Proposed  by  Tasker  L,  Oddie,  Fred  J.  Siebert,  W.  R.  Hamilton. 

Bom  1882,  Benicia,  Cal.  1001-03,  Leland  Stanford  Jr.  Univ.,  B.  A.,  Geology 
and  Mining.  1005-06,  Asst.  Supt.,  Wei-Hai-Wei  Min.  Co.,  Wei  Hai  Wei,  China. 
1006-07,  mostly  operatme  for  myself  short  surveys  and  examinations  for  a  few  clients. 
1007-00,  Ass^er  and  Chemist,  Glasgow  and  Western  Exploration  Co.,  Golconda, 
Nev.  1000,  Engr.,  National  Mines  Co.,  National,  Nev.  1010-13,  Tunnel,  street, 
sewer,  etc.,  contracting.  Periodic  employment  as  engineer  for  R.  C.  Storrie  A  Co. 
(contractors),  San  Francisco.  Also  interested  in  several  mining  ventures  in  Cal. 
1014,  Shift  boss^  Jim  Butler  Mine,  Tonopah,  Nev. 

Present  position:  Supt.,  Olympic  Mines  Co. 

Alfred  dank  Stoddard,  Miami,  Ariz. 

Proposed  by  C.  E.  Arnold,  George  R.  Lehman,  W.  F.  Palmer. 

Bom  1870,  Denver,  Colo.  1002,  Michigan  College  of  Mines,  Houghton,  Mich., 
B.  S.  and  M.  £.  1008-10,  Ensr.  and  Mill  Foreman,  New  York  and  Honduras  Rosario 
Min.  Co.     1010-12,  Engr.  and  Shift  Boss,  Old  Dominion  Copper  Min.  A  Smelt.  Co. 

Present  position:  1012  to  date;  Engr.,  Inspiration  Cons.  Copper  Co. 

Wilber  Stout,  Columbus,  O. 

Proposed  by  F.  A.  Ray.  J.  H.  Frantz,  R.  H.  Sweetser. 

Bom  1876,  Chester,  0.  Ohio  State  Univ^  B.  of  Engrg.  Six  years  Chemist. 
Columbus  Iron  and  Steel  Co.,  Columbus,  O.  Four  years  with  Geological  Survey  oi 
Ohio. 

Present  position:  Asst.  GeoL,  Geological  Survey  of  Ohio. 

Fritz  Oscar  Stromborg,  New  York,  N.  Y. 

Proposed  by  Edward  L.  Dufourcq,  J.  W.  H.  Hamilton.  N.  O.  Bagge. 

Bom  1877,  Sweden.  1806,  Grad.,  FjUpstad  Schools  of  Mines,  Filipstad.  Sweden. 
1806-07,  Draughtsman,  Avesta  Steel  Works,  Sweden.  1807-08,  Melter's  helper, 
O.  H.  Dept.,  Avesta  Steel  Works.  180&  Arrived  in  U.  S.  A.  and  worked  six  months 
as  chemist  at  Washburn  and  Noen,  Worcester,  Mass.  1808-1007.  praughtsman. 
Carnegie  Steel  Co.;  Jones  and  Laughlin;  Garrett  Cromwell  Engrg.  Co.:  Illinois  Steel 
Co.  and  C.  F.  ft  T.  Co.;  Squad  boss  from  1002.  1007-08,  Chief  Draughtsman, 
Youngstown  Sheet  &  Tube  Co.  1008-11,  Cons.  Engr.,  Seattle,  Wash.  1011-13, 
Charge  of  constmction.  Cons.  Min.  A  Smelt.  Co.,  Trail,  B.  C. 

Iresent  position:  Consulting  Engineer. 

Agoiles  Concha  Stuardo,  Santiago  de  Chile,  So.  Amer. 

Proposed  by  Fred  Hellman,  E.  E.  Barker,  D.  L.  H.  Forbes. 

Bom  1885,  Santiago.  1804-1001,  General  instmction  at  the  Lyceum  "Miguel 
Luis  Amunategui"  ana  that  of  "de  Aplicacion"  in  Santiago.  1002-05.  Four  years 
at  the  School  of  Arts  and  Crafts  of  Santiago  where  1  obtained  the  title  of  electrician, 
of  the  first  class.  The  Government  sent  me  to  Europe  for  six  years.  1006-07, 
Duvignan  School  in  Paris.  1007-00,  National  High  School  for  Mining,  of  Paris,  as 
''Foreign  Functionary."  1000-11,  Special  School  of  Public  Works  of  Paris.  1012,  1 
returned  to  Chile  after  having  visited  many  mines  in  France  and  Germany.  1012,  in 
the  month  of  June*  1  entered  the  General  Directorate  of  Public  Works  of  the 
Ministry  of  Industries  in  Santiago  as  "Engineer  of  Seccion."  1013,  1  obtained  the 
position  of  Mineralogist  in  the  Inspectorate  of  Mines.  1014,  I  was  promoted  to 
Geologist  of  the  Inspectorate  of  Mines  of  the  General  Directorate  of  Public  Works, 
which  position  I  stlfl  occupy  at  present. 

Present  position:  Geo!.,  General  Directorate  of  Public  Works. 

Qiiin  W.  Stuart,  Enslev,  Ala. 

Proposed  by  Robert  Hamilton,  H.  S.  Geismer,  R.  J.  Holden. 
Bom  1887,  Roanoke,  Va.     1011.  Virginia  Polytechnic  Institute,  Blacksburg,  Va., 
B.  So.  in  Min.  Engrg.    1011,  Timoerman  and  drill  runner,  Asst.  Engr.,  Tennessee 
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Ck>pp6r  Co»  Ducktown,  Tenn.  1911-12,  Levelniaii,  Tranatman  on  Min.  Division, 
Tennessee  Coal.  Iron  and  R.  R.  Co.,  Birmmgham,  Ala.  1912-13,  Constructicm  Engr., 
Tennessee  Coal,  Iron  and  R.  R.  Co.,  Blocton,  Ala.  1913-14,  Construction  i^ajsr., 
Tennessee  Coal,  Iron  and  R.  R.  Co..  Bayview,  Ala.  1914-15,  Division  Engr^^  Ten- 
nessee Coal,  Iron  and  R.  R.  Co.,  Eogewater,  Ala.  1915-16,  Genl.  Supt.  of  Capitol 
City  Construction  Co.  (Contractors)  of  NashviUe,  Tenn. 

Present  position:  Construction  Engr.,  Tennessee  Coal,  Iron  and  R.  R.  Co.  of 
Birmingham,  Ala.,  at  Edgewater,  Ala. 

Donald  McDonald  Sotor,  £1  Paso,  Tex. 

Proposed  by  William  D.  Gordon.  R.  F.  Manahan,  W.  J.  Deavett. 

Bom  1874,  Wis.  1879-92,  Public  School,  Grade  and  High  School.  1893-94. 
Univ.  of  Wisconsin,  Civ.  Engrg.,  no  degree.  1894-99,  Construction,  survey  ana 
inspection,  Mississippi  River  Coiprovement,  under  U.  S.  Engr.  Corps^  U.  S.  Army. 
1900-01,  Coal  Miners,  Whitebreast  Fuel  Co.  1902  to  present,  in  Sales  Dept.,  Sullivan 
Machinery  Co.,  Chicago;  at  Denver,  The  Rand,  So.  Africa,  and  Southwest  U.  S.  and 
Mexico. 

Present  position:  Sales  Mgr.,  Southwest  U.  S.  and  Mexico,  SuUivan  Machinery 
Co. 

Herbert  Ellsworth  Treichler,  Chuquicamata,  Chile,  So.  Amer. 

Proposed  by  Henry  Hay,  E.  £!.  Barker,  Fred  Hellmann, 

Bom,  1888.  Niagara,  N.  D.  1908,  Univ.  of  North  Dakota,  Mech.  Engr.  1909. 
Univ.  of  Nortn  Dakota,  Min.  En^r.  1909,  in  charge  of  State  Mine  Experimental 
Station,  Hebron,  N.  D.  1909-13,  Min.  Engr.,  Chino  Copper  Co.,  Santa  Rita,  N,  M. 
1913-14,  Min.  Ensr.,  Detroit  Copper  Min.  Co.,  Morenci,  Aris.  1914  to  date.  Mine 
Engr.  and  Asst.  Mine  Supt.,  Chile  Exploration  Co.,  Chuquicamata,  Chile. 

Present  position:  Asst.  Mine  Supt.,  Chile  Exploration  Co. 

Herbert  Winfred  Walter.  Bayonne,  N.  J. 

Proposed  by  Robert  B.  Stanton,  James  T.  Kemp,  William  Campbell. 

Bom  1880.  Odessa,  Minn.  1905,  Washington  State  College,  B.  S.  in  Mining. 
1909,  Columbui  Univ.,  Met.  Engr.  1906-07,  Supt..  Clifton  Water  and  Improvement 
Co.,  Clifton,  Ariz.  1909-16,  Intemational  Nickel  Co.  1909-10.  Foreman,  Monel 
Metal  Refinery.  1910-11,  Asst.  to  Supt.,  Monel  Metal  Sheet  Mill  Dept.  1911-12, 
Supt.,  Intemational  Nickel  Co^  Camden  Works,  Camden.  N.  J.  1913-14,  Skipt., 
Electrolytic  Nickel  Dept.,  and  Flatinum  Refinery.  1915,  Supt.,  Nickel  and  Copper 
Cupolas. 

Present  position:  Asst.  Genl.  Mgr.,  Intemational  Nickel  Co.,  Port  Calbome,  Ont., 
Canada. 

Brinsley  M.  Walton^So.  Porcupine,  Ont..  Canada. 

Proposed  by  Henry  W.  Nichols.  Robert  A.  Bryce,  Arthur  A.  Cole. 

Bom  I860,  Hersperpoint,  England.  Common  school  education.  1872-80, 
Ampror,  Pembroke,  Ont.  Studied  nights.  Have  not  been  to  any  technical  school. 
Have  Kood  general  knowledge  of  history,  latin,  mathematics.  1880^3,  Drug  business 
with  James  Findly,  Pembroke,  Ont.  1884-91,  Engrg.  Dept.,  Grand  Trunk  Ry. 
1891,  Mining  as  common  Miner,  Beaver  Mine,  Port  Arthur.  Ont.,  Foreman  Ajak 
Mine,  Sandow,  B.  C.  1894,  Foreman  Mount  Royal  Mine,  Mk  Lake.  1909,  Mgr., 
Guelph  Mine,  Monroe  Township,  New  Ont.  1910-11,  Foreman,  Roes  Group,  So, 
Porcupine. 

Present  position:  Mgr.,  Porcupine  Premier  Mine. 

Keith  Proot  Webb,  Friezland,  Queensland,  Aust. 

Proposed  by  Stephen  Harris,  W.  H.  Corbould,  P.  L.  Goddard. 

Bom  1888,  Brighton,  Vict.,  Aust.  1907-09,  Workingmen's  College,  School  of 
Mines,  Melboume,  Metallurgy  Diploma.  1910,  Jimior  /^sayer.  Broken  Hill  Prop. 
Co.,  Ltd.,  Port  Pirie,  So.  Aust.  1910-14,  1st  Asst.  Assayer,  Hampden  Qoneurry 
Copper  Mines,  Ltd.,  Friezland,  North  Queensland. 

Present  position:  1914  to  date;  Chief  Assayer  and  Ore  Buyer,  Hampden  Cloncuny 
Copper  Mines,  Ltd. 

Joseph  R.  WiUdnson,  Anaconda,  Mont. 

Proposed  by  Frederick  Laist,  Charles  D.  Demond,  Louis  V.  Bender. 
Bom  1892,  Berrien  Springs,  Mich.     1905-09,  High  School,  Lansing,  Mich.     190^ 
11,  Mech.  Engrg.,  Michigan  Agricultural  College,  East  Tjansing,  Mich«    1912-14^ 
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Min.  Engiv.,  Michigan  College  of  Mines,  Houshton,  Mich.,  E.  M.  1911-12,  Effi- 
ciency work.  Installation  of  Taylor  Sjrstem  of  Seager-Engpne  Works,  Luisine,  Mich. 
1914r-15,  Mine  Engr.,  Union  Basin  Mm.  Co.,  Golconda,  Ariz,  1915,  Draughtsman, 
American  Blower  Co.,  Detroit.  Mich. 

Present  position:  1915  to  aate;  Testing  Dept.,  Anaconda  Copper  Min.  Co. 

Howard  £.  Williams,  Calumet  Mich. 

Proposed  by  C.  H.  Benedict,  Claude  H.  Cooper,  H.  D.  Conant. 

Bom  1873,  Boston,  Mass.  1891-95,  Cornell  Univ.,  M.  E.  1895,  Machinist  and 
draftsman.  New  York  Central  R.  R.  1896-97,  E.  Rutiler,  Heating  Contractor,  in 
estimating  dept.  1898-99,  Draftsman  in  Mechanical  Engineer's  office,  Lehigh  Valley 
R.  R.  1899.  part,  Mech.  Engr..  Erie  R.  R.  1899-1901,  Draftsman,  Calumet  k 
Hecla  Min.  Co.  1901  to  date.  Chief  Draftsman,  Calumet  &  Hecla  Min.  Co..  Principal 
work  designed;  Kimberly  Skips  in  Red  Jacket  Shift.  Rebuilding  Hecla  and  Calumet 
Mills.  Designing  No.  1  and  No.  2  regrindine  plants,  with  dredge,  shore  plant  and  clas- 
sifying plant.  Scmd  Searching  Plant  at  Cobb  Mills,  Rebuilding  Isle  Royale,  Osceola. 
Isle  No.  1  and  No.  2  Stamp  Mills.  Enlarging  Abmeels  Stamp  MilL  Surface  Plant  at 
Abmeels  No.  3  and  No.  4  Shaft,  including  Roch  house,  boiler  and  endne  house,  and 
drv  house.  Roch  Houses  at  Alloney  No.  2,  Abmeels  No.  2,  North  Searsarv  No.  1, 
Isie  Royale  No.  5  and  No.  7  Shafts.  Surface  plant  at  White  Pine  Mine  indudmg  Mill, 
Crushing  Plant^  Shaft  Horses,  Engine  and  Boiler  Houses,  etc. 

Present  position:  Chief  Draftsman,  Calumet  A  Hecla  Min.  Co. 

Maurice  Eugene  '^lliams,  Timmins,  Qnt.,  Canada. 

Proposed  by  C.  E.  Rodgers,  A.  R.  Globe,  L.  B.  Eames. 

Bom  1888,  Blookpack,  Kans.     1894-1906,  Common  School  education,  Colorado 

?prinss.  Col.,  Pasadena,  Cal.  1906-11,  Genl.  Mill,  and  Ref.  work,  Pittsburg  Silver 
eak  Gold  Mm.  Co..  Blair,  Nev.  1911-12,  Ref.  and  Mill  work,  Goldfield  Cons.  Mines, 
Goldfield,  Nev.  1912-13.  Shift  Boss,  Mother  Lode  Sheep  Creek  Min.  Co.,  Sheep 
Creek,  B.  C.  1914-15,  Mill  Supt.,  Mother  Lode  Sheep  Creek  Min.  Co.,  Sheep  Creek, 
B.  C. 

Present  position:  1915  to  date;  Asst.  Mill  Supt.,  Hollinger  Cons.  Gold  Mines. 

Ridgewav  Robinson  Wilson,  Femie,  B.  C,  Can. 

Proposed  by  W.  F.  McNeill,  Lewis  Stockett,  S.  F.  Kirkpatrick. 

Bom  1890,  Carnegie,  Pa.  1897-99,  Public  School,  Carnegie,  Pa.  1900-01, 
Public  School  Femie.  B.  C.  1901-02,  Alfreton  Road  Board  School,  Nottingham, 
England.  1902-05,  Grey  College,  Bloemfontein,  So.  Africa.  1905-06,  Matriculated, 
Pickering  College,  Ont.,  Can.  1909-13^  School  of  Mining,  Kingston,  Ont.,  B.  Sc.  in 
Min.  Engis.  Member,  Canadian  Minmg  Institute.  1913,  Certificate  as  Assayer, 
Province  of  British  Columbia.  1906,  Chamman  and  rodman  Railway  location.  East 
Kootenay,  B.  C.  1907,  Prospecting,  Cobalt,  Timagami  and  Gowganda,  Ont.  1908, 
Aast.  to  W.  R.  Wilson,  Cons.  Engr.,  Toronto,  Can.  Examination  of  properties.  Cobalt, 
Timagami,  Gowganda.  East  Kootena]^  and  Nova  Scotia.  1909,  Diamond  drill.  Lake 
Supenor  Iron  and  Steel  Co.,  Missanabie,  Ont.  1910,  Charge  exploratory  work  (Davis 
Calyn  core  driU)  Twin  City  Coal  Co.,  Edmonton.  Alta.  Aiist.  to  W.  R.  Wilson,  exami- 
nation of  properties,  Brazeau  and  Jasper  Park  Coal  Fields^  Alta.  1911,  Sampler  and 
Assayer,  Crows  Nest  Pass  Coal  Co.,  Femie,  B.  C.  1912.  Mme  Surveyor  and  draughts- 
man. Crows  Nest  Pass  Coal  Co.,  Femie,  B.  C.  1913-14.  Engr.,  Crows  Nest  Pass  Coal 
Ck>.|  Femie,  B.  C.  Mine  Surveys,  Topographical,  Railroad  Location  and  Constmc- 
tion  M.  F.  &  M.  Ry.  Hydro.  Survey  £3k  River  Falls  and  Can^ron  for  Crows  Nest 
Pass  Electric  Light  a  Power  Co.  Survey  and  cruise  of  Coal  Co.  timber  lands.  Gen- 
eral office  work. 

Present  position:  1915  to  date.  Outside  Supt.  and  Supt.,  Coke  Dept.,  Crows  Nest 
Pass  Coal  Co.,  Michel,  B.  C. 

Jay  Pendleton  Wood,  Ouray,  Colo. 

Proposed  by  G.  H.  Bamhart,  C.  R.  Wilfley,  Fred  Carroll. 

Bom  1889,  New  York  J<J.  Y.  1908,  DeWitt  Clinton  ffigh  School,  New  York  Qty. 
1912,  Columbia  Univ..  £.  M.  1912-15,  The  Wanakah  Min.  Co.,  Ouray,  Colo. 
1915,  Member  of  the  nrm  of  IngersoU,  Wilfley  ii  Wood.  Mining  on  own  account. 
191Ck  The  Mountain  Top  Min.  Co.,  Ouray,  Colo. 

Iresent  position:  Supt.,  The  Mountain  Top  Mine,  Sneffels,  Colo. 
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Associate  Members 

Frederick  W.  Copeland,  Salt  Lake  City,  Utah. 
Proposed  by  Frederick  K.  Copeland.  H.  T.  Walsh,  E.  J.  Rossbach. 
Bom  1892,  Winnetka,  111.     1913,  Harvard,  A.  B.     1913-16,  Sales  Engr.,  Sullivan, 
Mach.  Co. 

Present  position:  Sales  Engr.,  Sullivan  Machinery  Co. 

A.  D.  Johnson,  Jr.,  Kansas  City,  Mo. 

Proposed  by  M.  K.  Shaler,  Edgar  Rickard,  W.  L.  Honnold. 

Bom  1892,  Kansas  City,  Mo.  1898-1905,  Garfield  School,  Kansas  City,  Mo. 
1905-09,  Central  High  School  Kansas  City,  Mo.  1909-13,  Univ.  of  Kansas,  B.  S. 
1913-14,  School  of  Nlines^  Freiberg,  Saxony.  1914,  Exploration — mining  and  geolof^- 
ical  in  Greenland,  as  assistant  to  Mr.  S.  H.  BaU,  New  York.  1914-15,  Del^ate  in 
Belgium,  Commission  for  Relief  in  Belgium,  London,  England.  1915,  GeoL,  Wichita 
Natural  Gas  Co.,  Bartlesville,  Okla.  1916,  Examination  in  Spain  for  Mr.  Ball  and 
Anaconda  Copper  Min.  Co. 

Present  position:  Testing  Dept.,  Anaconda  Copper  Min.  Co.,  Anaconda,  Mont. 

^miiam  W.  MiUer,  Schenectady,  N.  Y. 

Proposed  by  Sanford  B.  Belden,  W.  R.  Whitney,  H.  M.  Warren. 

Bom  1880,  Rochester,  N.  Y.  Grammar  and  High  School.  Private  tutoring  for 
Electrical  and  Mechanical  Engineering.  1899-1902,  Student's  course.  General  Elec- 
tric Co.  1902-08,  Commercial  Engineering,  Power  and  Min.  Dept.,  General  Electric 
Co.  1908-10,  Electrical  Engr.,  Bausch  and  Lomb  Optical  Co.,  Rochester,  N.  Y. 
1910  and  at  present.  Power  and  Min.  Dept.,  General  Electric  Co. 

Present  position:  Sales  Engr.,  Mining  Section,  Power  and  Mining  Dept.,  General 
Electric  Co. 

Junior  Members 

Toe  Barton,  Rolla,  Mo. 

Proposed  by  Charles  Y.  Clayton,  H.  A.  Buehler,  H.  T.  Mann. 

Bom  1894,  Mineola,  Mo.  1909-13,  High  School,  Montgomery  City,  Mo.  1914, 
summer,  Utah  Copper  Co.,  Bingham,  Utah;  Daily  Judge  Mm.  Co.,  Park  Cit^t  Utah. 
1915,  summer,  Carson  Min.  Co.,  Joplin,  Mo.  1916,  summer,  American  Zinc  Co., 
Mascot,  Tenn. 

Present  position:  1913  to  date;  Student,  Missouri  School  of  Mines. 

Ralph  Dale,  Rolla,  Mo. 

Proposed  by  Charles  Y.  Clayton,  H.  A.  Buehler,  H.  T.  Mann. 

Bom  1895,  Herrin,  Ul.  1908-12,  Herrin  High  School.  1912-13,  Comnany  Weigh- 
man  and  Clerk,  St.  Louis  Carterville  Coal  Co.  1916,  Laborer,  Copper  Queen  Cons. 
Min.  Co.,  BisbeCj  Aris. 

Present  position:  1913  to  date;  Student,  Missouri  School  of  Mines. 

Clemence  W.  Hipoard,  Rolla,  Mo. 

Proposed  by  Charles  Y.  Clayton,  H.  A.  Buehler.  H.  T.  Mann. 

Bom  1892,  Belleville,  Ul.  1906-09,  High  School,  Belleville,  Ul.  1909-12,  Weigh- 
man,  clerk,  top  foreman,  Vulcan  Coal  &  Min.  Co.,  Belleville,  Ul.  1912-13,  coal 
inspector^  St.  Louis  Coulterville  Coal  Co.,  Coulterville,  111.  1913,  summer,  in  charge 
of  mine,  it  being  shut  down,  St.  Louis  Coulterville  Coal  Co.  1915,  summer,  mucker, 
Portland  Gold  Min.  Co.,  Victor,  Colo.  1916,  summer,  mucker,  Copper  Queen  Cona. 
Min.  Co.,  Bisbee,  Ariz. 

Present  position:  1913  to  date;  Student,  Missouri  School  of  Mines. 

Frederick  L.  Schmidt,  So.  Bethlehem,  Pa. 

Proposed  by  Howard  Kckfeldt,  Joseph  W.  Richards,  Benjamin  L.  Miller. 

Bom  1894,  New  York,  N.  Y.  1901-03,  Private  School,  Brooklyn.  1903-09,  Pri- 
vate  and  Public  Grammar  Schools,  Brooklyn  and  New  York.  1909-13,  Manual 
Training  High  School,  Brooklyn.  1908-09,  Elementary  Architecture  in  Piatt  Insti- 
tute Ni^ht  School.  1915,  summer.  Foreman,  Bethlehem  Steel  Co.  1916,  sununer, 
Asst.  Millman,  Bethlehem  Steel  Co. 

Present  position:  1913  to  date;  Student,  Lehigh  Univ. 
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Change  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  Sept.  10,  1916  to  Oct.  10, 1916. 

This  list  together  with  the  list  published  in  Bulletin  Nos.  110  to  118, 
February  to  October,  1916,  and  the  foregoing  list  of  new  members, 
therefore,  supplements  the  annual  list  of  members  corrected  to  Jan.  1, 
1916  and  brings  it  up  to  the  date  of  Oct.  10,  1916. 

Adams,  Arthub  K.,  Min.  Geol.,  GeoL,  Andes  Copper  Ck>.,  Chanaral.  Chile,  So.  Amer, 

Ambleb,  J.  B 703  Kearns  BIdg.,  Salt  Lake  City,  Utah. 

Anderson,  Axel  E.  .DuPont  &  Co.,  901  Central  Savings  Bank  Bldg^  Denver,  Colo, 
Andebson,  Hectob  Geobqe  S.,  Asst.  to  Genl.  Mgr.,  Chino  Copper  Co., 

Hurley.  New  Mexico. 

Austin,  Edwin  A.,  Min.  Engr Jaroidge,  Nevada. 

Ateb,  Fbank  a Inspiration  Cons.  Copper  Co.,  Miami,  Ariz. 

Baqo,  Rupus  M 7  Brokaw  Place,  Appleton,  Wis. 

Bailey,  Lewis  Newton Barstow,  San  Bemadino  Co.,  Cal. 

Baeben,  Henbt  a 12337  Cedar  Road,  Cleveland  Heights,  Ohio. 

Babbett,  Theodobe  H.,  Min.  Engrg.  Dept.,  Case  School  of  Applied  Science, 

Cleveland,  O. 

Beck,  Ebich  A Goldschmidt  Thermit  Co.,  120  Broadway,  New  York,  N.  Y. 

Beeson,  Joseph  Josiah Alta,  Utah. 

Bellinqeb,  Hbbman  C,  Asst.  Cons.  En^.,  Chile  Exploration  Co., 

Chuquicamata,  via  Antofagasta,  Chile,  So.  Amer. 

Bbbqi^n,  Raymond  C 58  South  Arlington  Ave.,  East  Oran^,  N.  J. 

Bebnabd,  Cunton  p.,  Min.  Engr.,  Soci6t6  Internationale  Forestiere  et  Mimere  du 
Congo,  Forminiere  Mission  Kasai,  Tshikapa,  Congo  Belge^ia  Boma  and  Luebo. 

BissELi^  Robebt  Wilson Greensburgh,  Westmorland  Co..  Pa. 

Blow,  John  J 404  High  Holbom,  London,  W.  C,  England. 

Boyle,  Habby,  Civ.  and  Min.  Engr 42  Story-Smith  Bldg.,  Seattle,  Wash. 

Bbadt,  M.  L Arizona  Asbestos  Assn.,  Globe,  Ariz. 

Bbewsteb,  Bubt  B.,  Sullivan  Machinery  Co.,  Kearns  Bldg.,  Salt  Lake  City,  Utah. 

Bbown,  Thomas  E Room  1402, 18  E.  41st  St.,  New  York,  N.  Y. 

Bbowne,  Spenceb  C 43  Exchange  Place,  New  York,  N.  Y. 

Bbxtns,  C.  L.,  Jb.,  Supt.,  Mina  Constancia,  San  Vicente,  Vinales,  Pinar  del  Rio,  Cuba. 

Burns,  Jay  Joseph Instructed  to  hold  everything. 

Campbell,  Abthub  R Rockhill  Manor,  Kansas  City,  Mo. 

Campbell.  W.  C Box  146,  Tooele,  Utah. 

Cabson,  Ellabd  W.,  Alpine  Quicksilver  Min.  Co.,  Hernandez.  San  Benito  Co.,  Cal. 

Carson,  Joseph  A Midvale  Steel  Co.,  Widener  Bldg.,  Philadelphia.  Pa. 

Cabteb,  Russell  S 62  Vanderbilt  Ave.,  New  York,  N.  Y. 

Charles,  W.  W 346  So.  Ardmore  Ave.,  Los  Angeles,  Cal. 

Chen,  Fan Hartley  Hall,  Columbia  Univ.,  New  York,  N.  Y. 

Clark,  Henby,  Messrs.  Head,  Wrightson  and  Co.,  Ltd.,  Stockton  Forge, 

Stockton-on-Tees.  England. 

Cohen,  Samttel  W 601  Dominion  Express  Bldg.,  Montreal,  Canada. 

CooNEB,  John  D 9  Piatt  Place,  Scranton,  Pa. 

Corbet,  Edwabd  B 2650  Scott  St.,  San  Francisco.  Cal. 

Courtis,  William  M 133 H  Ferris  Ave.,  Highland  Park  P.  O.,  Detroit,  Mich. 

Craiq,  John  J Northwestern  Improvement  Co.,  Brainerd,  Minn. 

Creoan,  John  F 1010  Broad  St^  Newark,  N.  J. 

Crsmeb,  Felix Andes  Copper  Min.  Co..  Chanaral,  Chile,  South  America. 

CxTNNiNGHAM,  Geobqe  HAMILTON,  Ctiief  Engr.,  Electrolytic  Zinc  Co.  of  Australia, 

Hobart,  Tasmania. 

Dauby,  S.  Howabd.  Jb Cananea  Cons.  Copper  Co.,  Cananea,  Mexico. 

Daman,  Abthub  Chesteb 2678  Endora  St.,  Denver,  Colo. 

Dickinson,  Albebt  W Supt.,  Chicago  &  Carterville  Coal  Co.,  Herrin.  HI. 

Dixon,  Abneb  Faison 86  South  Oxford  St.,  Brooklyn,  N.  Y. 

DxTFOUBOQ,  Edwabd  L.,  Cons.  Min.  Engr.,  Rooms  808,  809  and  810,  18  Broadway, 

New  York  N.Y. 

DuKN,  Theodobe  S P.  O.  Box  431,  Du  Bois,  Pa! 

£toub,  Djevad 16  Beekman  Place,  New  York,  N.  Y. 

Faibbairn,  Alan  J St.  John  Mining  Co.,  Montezuma,  Colo. 
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Fabibh,  John  B.,  Min.  Engr P.  O.  Box  182,  San  Mateo,  GaL 

Faust,  Gut  C 19  West  Jackaon  St.,  WilkeB-Barre,  Pa, 

Fawcbtt,  Jaiiks  H Athenaeum  Club,  Sydney,  K.  S.  W.,  AuBtralia. 

Fell,  Habold  B.,  Supt.  and  Engr.,  Wyoming  Valley  Water  Supply  Co., 

MarUe  Bldg.,  Hasleton.  Pa. 

Fraser,  Donald  D 406  W.  Granite  St.,  Butte,  Mont. 

Fbasbb,  Lbb,  South  American  Engineering  Corpn.,  52  William  St.,  New  York,  N.  Y. 

Fuller,  Mtron  L 185  Spring  St.,  Brockton,  Maaa. 

Ganthibr,  Charles  B Box  102,  Golden,  Colo. 

Garrison,  Mubrat 940  West  Granite  St.,  Butte,  Mont. 

GatchJBliasS Care  N.  N.  Gatch,  5572  Waterman  Ave.,  St.  Louis,  Mo. 

Gepp,  Herbert  William,  Genl.  Mgr.,  Amalgamated  Zinc  (deBavay's)  Ltd., 

2914  Eguitable  Bldg.,  New  Yoi,  N.  Y. 

Gill,  Philip  L 1d5  Broadway,  New  York.  N.  Y. 

Gleason,  Frank  A "^^^^  ^*- 

Grsenouoh,  Warren  E.,  Min.  Engr Old  National  Bank  Bldg.,  Spokane,  Wash. 

Griffithb,  AndrA  P.,  Cons.  Min.  Engr.,  Horton  Kirby,  King's  Road, 

Kinsston-on-Thames,  England. 

GxTERNSET,  JoHN  B Westmoreland  Club,  Richmond,  Va. 

Hall,  Mortimer  Louis 555  S.  Los  Roble&  Pasadena,  Cai. 

Hanahan,  Marion  L Hartley  Hall,  Columbia  Univ.,  New  York,  N.  Y. 

Hanlet  Herbert  R.,.  Supt.,  Electrolytic  Zinc  Plant,  Mammoth  Copper  Co., 

Kennett,  Shasta  Co.,  CaL 
Hardt,  Thomas  Woodlawn,  Jr.,  Nova  Scotia  Steel  &  Coal  Co., 

New  Glasgow,  N.  S.,  Canada. 

Haseltinb,  Richard  S 149  So.  Kingsley  Drive,  Los  Angeles.  Cal. 

Hatden,  Wallace  H Batavia,  N.  Y. 

Hatward,  Carle  R.,  Instructor  in  Min.  and  Met.,  Mass.  Inst,  of  Technology. 

Cambridge,  Mass. 
Heathcote,  C.  F.,  The  Bank  of  Australasia,  Ltd.,  Threadneedle  St.,  London,  England. 

Hedlet^  Rqbebt  R 30  Fairfield  Bldg^  Vancouver,  B.  C,  Canada. 

Hebr,  Irvino Supt.,  Crucible  Flake  Graphite  Cq^  Ashland,  Ala. 

HoooBOOM^.  C Box  173,  Tar  River,  Okla. 

HoNNOLD,  W.  L Hotel  Gotham,  5th  Avenue  and  55th  St.,  New  York.  N.  Y. 

HouBHOLDBR,  E.  Ross P.  O.  Box  302,  RoUa,  Mo. 

Howard,  L.  Oqilvie Supt.,  International  Smelt.  Co.,  Miami,  Aiu. 

Hunter.  Charles 149  W.  74th  St.,  New  York,  N.  Y. 

HuRD,  KuxARD,  Cons.  Min.  Engr.,  Director  Mines,  Minnesota  Tax  Commission, 

State  Capitol,  St.  Paul,  Minn. 

Jewett,  Frank  G 1816  Fremont  Ave.  South.  Minneapolis,  Minn. 

Johnson,  Cuvton  Beach Co.  E,  7th  Infantry,  McAllen,  Tex. 

Johnstone,  James  O 910-144th  St^  £.  Chicane  Ind. 

Jones,  William  S Silver  City,  New  Mexico. 

Kee,  Harrt  a Kerr  Lake  Min.  Co.,  Ltd.,  Cobalt,  Ont.,  Canada. 

Kemp,  L.  W.,  Chile  Exploration  Co.,  Chuquicamata,  via  Antofagasta,  Chile, 

South  America. 

Kent,  Wiluam  St.  G 808  West  End  Ave.,  New  York,  N.  Y. 

Kerr,  Duncan  M Winthrop,  &L 

KiMMEL,  Harrt  Robebt 18725  Sloane  Ave.,  Lakewood,  O. 

KiSHMAN,  Maubice  Walteb Inspiration  Cons.  Copper  Co.,  Miami,  Ariz. 

Lancastbb,  Thomas,  Civ.  Engr 2  Rector  St^New  Yorit,  N.  Y. 

Lau,Kaan Kung  Yuen  Co.,  223  Wing  Lok  St.,  Hong  Kong,  China. 

Lawb,  Clabence  W.,  Tigre  Min.  Co.,  Ysabal,  Esqueda,  Son.,  Mexico, 

via  Douglas,  Aris. 

Lbaht,  Richabd  a 605  Mercantile  Bldg.,  Denver,  Colo. 

Lewis,  Clancet  M 205  White  Bldg.,  Seattle,  Wash. 

LiDDBLL,  Pabkeb R.  F.  D.  1,  Box  8,  Reno,  Ncv. 

Lihme,  Chbistlan  B 1200  Lake  Shore  Drive,  Chioaao,  El. 

LiNDSET,  Harlet  Mabtin J.  H.  Rice,  Masatlan,  Sinaloa,  Mexico. 

Locke,  Chables  E.,  Asst.  Prof,  of  Min.  Engrg.  A  Met.,  Mass.  Inst,  of  Technology, 

Boston,  loass. 
London,  Clabence  J.,  Genl.  Mgr.,  Antioquia  Dredging  Co.,  1524  Chestnut  St., 

Philadelphia.  F^ 

Love,  James  W 500  W.  Broadway,  Butte,  Mont. 

LuNN,  Robebt,  Jb.,  No.  737183  C  Co.,  113th  O  Battalion,  Canadian  Expeditionary 

Force,  Sarcee  Camp,  Calgary,  Alta.,  Canada. 
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MgAllin,  John  L 362H  Park  St.,  PortlAiid,  Ore. 

McDouGALL,  Walulcb  D.,  The  Anglo-Bolivian  Rubber  Estates,  Ltd., 

Conoepcion,  Prov.  de  Velasco,  Rep.  of  Bolivia,  South  America. 

McGss,    John Tonopah,    Nev. 

MacDonald,  Jnssii  J Instructed  to  hold  evervthing. 

MacFbb,  Robert Caucasus  Copper  Co.,  Batoum,  S.  Kussia. 

MacNbili^  Charlss  M.,  Pres.,  Utah  Copper  Co.,  25  Broad  St.,  New  York,  N.  Y. 

Mathbb,  THOMAS  W. Room  1027,  15  Broad  St.,  New  York,  N.  Y. 

Matxb,  Paul  H.,  Met.  Engr.,  Guggenheim  Bros..  120  Broadway,  New  York,  N.  Y. 
Mknskb,  Q.  H.,  Electric  Furnace  (Operator,  Noble  Electric  Steel  Co., 

Heroult,  Shasta  Co.,  Cal. 

MsBBT,  F.  Chablbb 12  Martense  Court,  Brooklvn,  N.  Y. 

MiLLBB,  Wauton  Btbon Morgan-GardncT  Electric  Co.,  Knoxville,  Tenn. 

MoBRow,  Batabd  S 610  Main  St^  Anaconda,  Mont. 

NoLD,  Habbt  Ellswobth Lord  Hall,  Ohio  State  Univ.,  Columbus,  O. 

NoTT,  Thomas  E 225  Halket  St.,  Pittsburgh,  Pa. 

Olivsros,    Reginald    P Kappa    Sigma    House,    Golden,    Colo. 

Parkbr,  Frank  W 1610  Hays  St.,  Boise,  Idaho. 

Pitman,  S.  M 50  College  St.,  Providence,  R.  I. 

Parrirb,  Samttsl  F. 2058  Fell  St.,  San  Francisco,   Cal. 

Pattsbson,  S.  B 1340  Fairview  St.,  Allentown,  Pa. 

Philpott.  RoTDBN  C Moren^i,  Aris. 

PoTTBR,  WiLLLiM  C 120  Broadway,  New  York,  N.  Y. 

RADCLiFra,  Donald  H Cox  A  Radclifife,  311  Daniels  Bldg;;  Tulsa,  Okla. 

Randau^  Charles  Alfred,  Met.  Engr. Holguin.  Cuba. 

Read,  Norman  Hatfield Care  War  Office,  London,   England. 

RiCKABD,  Edoab,  Managing  Director,  The  Mining  Magazine,  724  Salisbury  House, 

London,  E.  C,  England. 

RoBBBTBy  JamesT Room  2150,  42  Broadway,  New  York,  N.  Y. 

RoBEBTBON.  Fbedebioe  Y.,  U.  S.  Metals  Ref.  Co.,  120  Broadway,  New  York,  N.  Y. 
Rtfinbki,  Jacob  £.,  Engr.,  Wild  Dutchman  Min.  &  Mill.  Co., 

American  Fork  Canyon,  Utah. 

Sands,  William  E P.  O.  Box  832,  Park  City,  Utah. 

Schnbidbr,  George  W.,  Care  Ernesto  Gunther,  Sorata,  Bolivia,  South  America. 

ScHUETTENHELM,  JoHN  B 670  E.  2d  S.  St.,  Salt  Lake  City.  Utah. 

ScHUTLER.  Abent  H Oxford  Copper  Co.,  Constable  Hook,  N.  J. 

Shanks,  David  W 903  Merchant  Bldg.,  San  Francisco,  Cal. 

Sherman,  Fred  W.,  Mine  Foreman,  Home  Lode  Min.  Co.,  Silver  City,  So.  Dak. 
SncPBON,  James  C,  105  Coleheme  Court,  South  Kensington,  London,  England. 

Smith,  Jesse  M 194  Riverside  Drive,  New  York,  N.  Y. 

Smith  Lton Asst.  Supt.,  River  Smelt.  &  Ref.  Co..  Florence,  Colo. 

Smith,   Reuben  Edwabd Instructed  to  hold  everything. 

SoMEBSBT,  Henbt  St.  J.,  Jb.,  BrowB  St.,  Hunters  Hill.  Sydney,  N.  S.  W.,  Aust. 

SoPER,  Ralph  H 338  S.  Market  Ave.,  Wichita,  Kans. 

Starr,     Charles    C Globe,     Ariz. 

Staver,  William  H Instructed  to  hold  everything. 

Stat,  Theron  D 928  West  Ave..  Buffalo,  N.  Y. 

Stbwart,  John  B.,  Care  Charles  L.  Constant  &  Co^  42  New  St.,  New  York,  N.  Y. 

Btockwell,   R.  Jl Instructed  to  hold  everything. 

Sron,  Norman  1 490  Birkel  Ave.,  South  Bethlehem,  Pa. 

Stkaub,  Chables  Edwabd,  Cons.  Petroleum  and  Min.  Geol.,  707  Republic  Bldg., 

Louisville,  Ky. 

STBiTTBEBSy  JOSEPH Engineers'  Club,  32  W.  40th  St.,  New  York,  N.  Y. 

Tackmann,  Henbt 253  East  82d  St.,  New  York,  N.  Y. 

Thompson,  Wabben  D.,  Care  Mr.  Edwin  S.  Berry,  111  Broadway,  Room  1109. 

New  York,  N.  Y. 

Vam  Campen,   Fbank  R San   Maurice  Apis.,   San   Francisco,   Cal. 

Waixace,  Louis  R^  Andes  Copper  Min.  Co.,  Chanaial,  Chile,  South  America. 

Warnbb,  RcmRBT  K. 94  Prospect  St.,  New  Haven,  Conn. 

Wbiqel^   Whjjam  M .209  E.  Foster  Ave.,   State  College.   Pa. 

Wkujb,  J.  S.  C The  Hotel  Marlton,  3  West  8th  St.,  New  York,  N.  Y. 

Wmllb,  Ralph  Evans,  Jb Nogales,   Aris. 

Wbitaebb,  De  Bbbniebb Box  383.  Santiago  de  Cuba,  Cuba. 

Williams^  John  C Apart.  2,  1715  E.  Calfax,  Denver,  Colo. 

Wbiqht,  Clabence  a U.  S.  Bureau  of  Mines.  Salt  Lake  City,  Utah. 

Wright,  Pebct  E.,  Cons.   Mech.  Engr.,  1901  L.  C.  Smith  Bldg.,  Seattle,  Wash. 
s 
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WooDBRiDGB,  RooER  M 202  TorTOy  Bldg.,  Duluth,  Mmn. 

Zbntnbb,  Abthur  a.,  Zinc  Roasting  Dept.,  Butte  ft  Montana  Smelter, 

Great  Falls,  Mont 

Member's  Addbsssbs  Wanted 

Name.  Last  Address  of  Record  from  which  Mail  has  been  returned. 

Bauhamn,  a.  P 939  Boulevard  East,  Weehawken,  N.  J. 

CoMiNOB,  Gborqb  R Aputado  126,  Oaxaca,  Oax.,  Mexico. 

Gorman,  Thomas  Clarencb Creighton  Mine,  via  Sudbury,  Ont.^  Canada. 

Haqemann,  Wilhblm 2a  San  Augustin  #53,  Mexico  City,  Mex. 

McKanna,  Edwin  A • Savanna,  Okla. 

Macaulat,  R.  M Grande  Allee  St.,  Quebec  City,  Canada. 

Murphy,  Francis  Joseph Great  Cobar,  Ltd.,  Cobar,  N.  S.  W.,  Australia. 

PiTTMAN,   Frank  L Contact.    Nev. 

Rogers,  Gborqe  R. 47  St.  Vincent  St..  Toronto,  Ont.,  Canada. 

Taylor,   Charles  H University  of  Oxlahoma,  Norman,  Okla. 

Wroth,  Jambs  S Casilla  46-D.,  Santiago,  Chile,  South  America. 

Negboloot 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  Sept.  10,  1916  to  Oct.  10,  1916. 

n^liL  Name.  Date  of  Deceaae. 

1893  ♦•Coxe,  Ecklejr  B Sept.  20,  1916. 

1906  ♦♦Crawford,  Walter  Howard Jii^    1,   1916. 

1906  ♦Heck,  Elmer  Cooper ,  1916. 

1886  ♦Koch,  Walter  E ,  1916. 

1889  ♦Stanton,  F.  McM Sept.  12,  1916. 

1914  ♦Young,  Ralph  William ^  1916. 

♦  Member.  ♦  ♦  life  member. 
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N€w  York 

M««to  fini  WwliMiday  aftar  firat  ToMtUy  ol  eftob  month. 

DAVID  H.  BBOWNB.  Chtdrwtm^.  PERCY  B.  BARBOUR.  ViM-Chmirman. 

A.  D.  BBBR8.  SMrwimn,  M  WsU  Si..  New  York,  N.  Y. 

C.  A.  BOHN.  Trmamnt. 

Bo9Um 
Mtato  fin(  Moadajr  ol  cmIi  winter  month. 
W.  B.  a  EU8TIB.  Oofrwu.  ^^  R.  L.  AQA88I2.  Vit^Mrwmn. 

ALBBBT^!fVB^OR!"^*  fl-ar-nflV-wr.  Mnm.  Int.  of  Teohnoloor.  Bcto^*  M^yTH. 


Holds  four  ■omloni  dvring  jronr.    Annnnl  meotlnc  in  Scotember  orOetobor. 
STANLY  A.  BA8T0N.  Chtdrmm^.  ^^FREDEMC  KEFPER,  ViM-OuUrmtm. 

LYNDON  K.  ARMSTRONG,  attnlarwTrmtmw,  P.  O.  Dnww  2164.  Sppknne,  Wnih.  ^^ 
D.  C.  LIVINGSTON,  FRANK  A.  ROSS. 

Puif§t  8<nuid 

Mooti  looond  Softnidav  ol  iianh  month. 
OLBNTHXB  a.  OOIXINS.  CIMhiMMr^  "«<™w  «  ««  "~H.L.  MANLBT.  rio-ChMrmam. 
I.  F.  LAUOI^"~  °^*"'  *— »-'^— «'.  10«  H«T  Bid..  S-tU..  W«g^^  ^  ^^ 

^  iSotilibini  CoUfomia 

C.  OOI^OCK  JONES.  CMhiMNi.  ALVIN  B.  CARPENTER.  ViM-CMrmam. 

^  ^FRBDERICK  jTh.  MBRRn,U  ANntary-SVMMrw.  210  Union  LMgue  Bide.  Loo  ^Wteh^Qs!- 

A.  B.  W  HODGES,  R.  A.  PEREZ. 

B.  A.  MONTQOMBBY,  WILUAM  F.  STAUNTON. 

Cohrado 

L.  p.  HAMMOND,  Ckairmtm,  F.  H.  B08TWICK.  F<o»-CAa<rma«. 

G.  A.  KBNNBlTy  .^-  **"=''°='  *-^'~— •  •«  C.^-  »«-..  D-'-'^^  „,,^THY. 

Maniana 

J.  L.  BRUCE.  OJU^HiMfi.  W.  C.  SIDERFIN.  Vie^-Ckairmam. 

W.  T.  BURN^i^™''  ■•  ^^"'  5.-«l.nr-lV,««r.r.  884  W.  G«nif  St..  ButU.  Mont^   ^^^ 

5aii  FrmwUeo 

MiMiti  looond  TninrtiT  ol  wnh  month. 
T.  A.  RICKARD,  Ohmlrmm.  ^^  W.  H.  SHOCKLBT.  Yit-CIMrmM. 

B.  A.  HBMaV*^""'  "^  *— »-'^— ^'  W  P«»  Bt,  8«  ft-*«tO^    yOP^Q. 

PatiMylpafila  iifi(Jlfadl« 

R.  V.  NORRIS.  Ckairmtm, 
CHARLES  F.  HUBBR.  Vie^^Ckairmmm.  ^^  EDWIN  LUDLOW.  ViM^hmirman. 

W.  J.  RICHARDS,  FlM.O»o<niMi».  ARTHUR  H.  STORRS.  Ftoe-CAatr«Mi>. 

PAUL  STERLING,  i8wr«lafVT3VM«ir«r.  UUsh  VnOay  Cool  Co.,  Wilkeo-BMYO,  Pa. 


DOUGLAS  BUNTING,  FRANK  A.  HTUT  ALBERT  B.  JKB8UP. 

RUFU8  J.  FOSTER,  JOHN  M.  HUMPHREY,  ROBERT  A.  QUIN. 

8U  IxmiM 

C.  J.  ADA  MI.   ChainiUM.  HBRMAN  GARLICH,    Vict-Ckaitman, 

F.  W.  DaWOLTV  Vic^^hainium,  M.  M.  VALERIUS.  Vic»-Ckairman. 


WALTER  B.  MoCOURT,  g«rilary  TVeeewrtr .  WMhington  UniT..  St.  Loois.  Mo.   ^___ 
A.  W.  DICKINSON,  CHARLES  T.  ORR,  ^^  ARTHUR  THACHER. 

C.H.  FORBES,  F.D.RASH. 

CHARLES  H.  MaoDOWELL,  Ckairmmm,  LUTHER  V.  RICE.  ViM-ChainMn. 

,,„^.__ HENRY  W.  NICHOLS,  BttrwImrp'Trmmnr,  1848  E.  88  St..  CWoMto.  lU. 
ALEXANDER  K.  HAMILTON.  HENRY  P.  HOWLAND. 

GEORGE  P.  HUL8T,  FREDERICK  T.  SNYDER. 

Utah 

C.  W.  WHITLEY,  OMmMm.  WALTER  FITCH,  F<o»-C*«<rmon. 

ERNEST  GAYFORD,  ANntary-TVMMnr,  180  Flwpont  Ato.,  SnH  Lake  CHy,  UUh. 

E.  R.  ZAUNSKI.  WILUAM    WRAITH. 

Arimma 

GERALD  SHERMAN.  Chairmam. 

NORMAN  CARMICHABLMal  Viet^hair,  B.  BRITTON  GOTT8BERGER,  9nd  Vic^hair, 

VRTfaU -  -  -  -  - 


ARTHUR  NOTMAN,  SMrMtary-rreMiinr.  Biriiee,  Aria. 
W.  G.  MoBRIDB.  FOREST  RUTHERFORD. 

Nevada 

J.  W.  HUTCHINSON.  OuHrmoH,  FRANCIS  CHURCH  LINCOLN.  Vice-Chairman. 

W.  H.  WUACKBORN.™*'*^  "•  "^'  *-^"— ■  «"••  ^-^\  a.  JULIAN. 
EMMET  D.  BOYLE.  JOHN  G.  KIHCHEN 

FREDERICK  BRADSHAW,  C.  B.  LAKENAN. 

TASKBRL.ODDIB. 
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STANDING  OOMMITTEES 
BmcMo$ 

L.  D.  BICKETT8.  CJUrfrMm. 
QEORGB  D.  BARRON,  W.  L.  BAUNDERS,' 

8IDNBY  J.  JBNNING8.  BENJAMIN  B.  THAYBB. 

KARL  BILER8,  CftotfniMik. 
ARTHUR  8.  DWIQHT,                                                          LOUIS  D.  HUNTOON^ 
LEWI8  W.  FRANCI8,  


ARTHUR  L.  WALKER. 


Finane$ 

r  GEORQE  D.  BARRON.  Chalkman. 
ALBERT  R.  LEDOUX,  CHARLES  F.  RAND. 

lAbrwry 

E.  QYBBON  8PILSBURY,  Chnrman.^ 
KARL  EILERS.I  B.  F.  ROBBBR,< 

ALEX  C.  HUMPHREYS.*  BRADLEY  STOUOHTON. 

PavtT%  and  PtMieaHont 

BRADLEY  STOUOHTON.   Ckairmai^ 


KARL  EILERS. 
JOSEPH  W.  RICHARDS. 
E.  F.  ROBBER, 


GEORQB  C.  STONB, 
SAMUEL  A.  TAYLOR. 


J.  L.  W.  BIRKINBINB. 
WILLIAM  H.  BLAUVELT. 
H.  A.  BRAS8ERT. 
DAVID  H.  BROWNE. 
WILLIAM  CAMPBELL. 
R.  M.  CATLIN. 
ALLAN  J.  CLARK. 
FREDERICK  G.  COTTRELL. 
NATHANIEL  H.  EMMONS, 
JOHN  W.  FINCH. 
CHARLES  H.  FULTON. 
F.  LYNWOOD  GARRISON. 
ROBERT  C.  QEMMELL. 
CHARLES  W.  QOODALB, 
HARRY  A.  GUESS. 
R.  DAWSON  HALL. 
PHILIP  W.  HENRY. 


HEINRICH  O.  HOFMAN, 
WALTER  B.  HOPPER. 
HENRY  M.  HOWE. 
LOUIS  D.  HUNTOON, 
J.  B.  JOHNSON.  JR., 
WILLIAM  KELLY, 
JAMES  F.  KEMP. 
CHARLES  K.  LEITH, 
ANTHONY  F.  LUCAS. 
EDWARD  P.  MATHEWSON. 
HERBERT  A.  MEGRAW, 
RICHARD  MOLDENKB, 
SEELEY  W.  MUDD, 
R.  V.  NORRIS. 
EDWARD  W.  PARKER. 
EDWARD  D.  PETERS, 
R.  M.  RAYMOND. 


R08SITBR  W.  RAYMOND. 
THOMAS  T.  READ. 
ROBERT  H^  RICHARDS, 
L.  D.  RICKBTT8, 
HEINRICH  RIBS, 
RENO  H.  SALES. 
ALBERT  SAUYEUR, 
HENRY  L.  SMYTH. 
A.  A.  8TBVBNSON, 
RALPH  H.  8WBBT8BR, 
GEORGE  D.  VAN  ARSDALB. 
FELIX  A.  VOGEL, 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON. 
HORACE  v.  WINCHBUU 
FREDERICK  W.  WOOD. 
DWIGHT  B.  WOODBRIDGS. 


COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED 
STUDENT  SOCIETIES 

HARRY  H.  8T0BK,  Ckairmnn, 

Vie^hmrmtn 

CHARLES  H.  FULTON,  FREDERICK  W.  SPBRR, 

EDWIN  G.  HOLDEN,  GEORGE  J.  YOUNG, 

WALTER  R.  CRANE,  aMr§tan/,  PenuylTMiiA  SUU  Collate,  Stole  GoOece,  Fa. 


LUTHER  W.  BAHNEY. 
DARSIE  C.  BARD. 
ROBERT  H.  BRADFORD. 
SAMUEL  W.  BEYER, 
GUY  H.  COX. 
JOSEPH  DANIELS, 
NOAH  F.  DRAKE, 
FRANK  W.  DURKEE, 


HOWARD  ECKFELDT, 
DAVID  M.  F0L80M, 
R.  R.  GOODRICH, 
CHARLES  B.  LOCKE. 
JAMES  F.  MiCLBLLAND, 
HARRY  B.  MBLLER, 
WALTER  S.  MORLEY. 


HENRY  &  MUNROB, 
CHARLES  J.  NORWOOD, 
GEORGE  S.  RAYMBR. 
HEINRICH  RIBS, 
HENRY  L.  SMYTH. 
FRANCIS  A.  THOMSON, 
CLINTON  M.  YOUNG. 
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CX)MMITTE£  ON  INCREASE  OF  MEMBERSHIP 

THOMAS  T.  READ.  CkatrmoH, 
PHILIP  W.  HENRY,  Pirtt  Vit^Chairman. 

Vie&^hairmen 

HENRT  W.  NICHOLS. 
BRSKINB  RAMSAY, 
CHARLES  F.  RAND. 
GILBERT  RIQG, 
WALTER  G.  SWART. 
RICHARD  P.  TIN8LEY. 


LYNDON  K.  ARMSTRONG. 

F.  G.  COTTRBLL. 

CHARLES  A.  BUCK, 

BDWARD  L.  DUFOUROQ. 

H.  W.  HARDINQB, 

H.  L.  HOLLIS. 

DUNCAN  MACVICHIB, 

WILLIAM  H.  SHEARMAN.  Saerftory.  65  Wan8t..N«w  York.  N.  Y. 


HUNTINGTON  ADAMS. 
F.  L.  ANTISELL. 
EDWIN  G.  BANKS. 
LOUIS  V.  BENDER. 

C.  H.  BENEDICT. 
JAMES  G.  BERRYHILL. 
ALBERT  C.  BOYLE.  JR., 

D.  H.  BRADLEY.  JR.. 
VICTOR  M.  BRASCHI. 
FREDERIC  K.  BRUNTON. 
LESTER  R.  BUDROW, 
MILTON  A.  CAINE. 
EDWIN  E.  CARPENTER. 
CHARLES  CATLETT. 
WILLIAM  B.  CRAMER, 
NOAH  F.  DRAKE, 

J.  A.  BDE. 

LOUIS  V.  EMANUEL. 
AUGUSTUS  H.  EUSTIS. 
WALTER  FITCH, 
WILLIAM  E.  FOHL. 

E.  GAYFORD. 
M.  H.  GIDEL. 
STEPHEN  L.  GOODALE. 
CARL  B.  GRUNSKY.  JR.. 


GEORGE  A.  GUESS. 
BENJAMIN  M.  HALL. 
RICHARD  S.  HASELTINB. 
FRANK  R.  HEWITT. 
EDWIN  HIGGINS. 
JOSEPH  T.  HILLES. 
JOHN  HOATSON, 
ROY  J.  HOLDEN, 
TADASHIRO  INOUYB, 
YING-CHIEH  KUANG, 
K.  C.  LI. 
L  P.  LIHMB. 
JOHNJ.  LINCOLN. 
DOUGLAS  C.  LIVINGSTON. 
SPBNCBR  R.  LOGAN, 
F  B.  LUCAS. 
WALTER  B.  McCOURT. 
P.  M.  McHUGH. 
FREDERICK  J.  H.  MERRILL. 
ARTHUR  NOTMAN. 
HENRY  M.  PARKS. 
IRVING  PBRRINB 
OLUF  G.  PETERSEN. 
F.  E.  PIERCE. 
FRANK  Db  G.  RATHBUN. 


AMBROSE  B.  RING. 
WILLLAM  W.  ROSE. 
HAZEL  L.  SCAIFE. 
WILLIAM  J.  SHARWOOD. 
S.  F.  SHAW. 
JO  B.  SHERIDAN. 
ARTHUR  P.  SILUMAN, 
AMOS  SLATER. 
SUMNER  S.  SMITH. 
JOHN  G.  SMYTH. 
RICHARD  B.  STANFORD, 
PAUL  STERLING. 
LEWIS  STOCKETT, 
ARTHUR  F.  TAGGART, 
CHARLES  H.  TAYLOR. 
BENJAMIN  F.  TILLSON. 
ARTHUR  L.  TUTTLE. 
R.  C.  WARRINER. 
WALTER  HARVEY  WEED. 
HENRY  A.  WENTWORTH, 
WILLIAM  Y.  WESTBRVELT. 
HERBERT  A.  WHEELER, 
EDWIN  E.  WHITE. 
C.  W.  WHITLEY. 
R.  B.  WOODWORTH. 


COMMITTEE  ADVISORY  TO  THE  U.  8.  BUREAU  OP  MINES 

ARTHUR  F.  L.  BELL.  HENNEN  JENNINGS. 

ALBERT.  R.  LEDOUX.  E.  W.  PARKER.  L.  D.  RICKETT8. 


EUctricUy  in  Mining 

WILLIAM  KELLY, 
THOMAS  H.  LEGGBTT. 
SAMUEL  A.  TAYLOR. 


Mine  BxploHans 
H.  M.  CHANCE, 
FRANK  HAAS. 
CARL  SCHOLZ. 


Min$  Svbiidmee 

JAMBS  F.  KEMP. 
R.  V.  NORRIS. 
CHARLES  K.  LEITH. 


COMMITTEE  ADVISORY  TO  THE  U.  8.  BUREAU  OF  STANDARDS 

Citper:  F.  L.  ANTISELL.  Aluminum:  JOSEPH  W.  RICHARDS. 

LMd:  ARTHUR  8.  DWIQHT,  Zine:  GEORGE  C.  STONE. 

liUM:  JOHN  F.  THOMPSON. 

COMMITTEE  ON  NATIONAL  RESERVE  CORPS  OF  ENGINEERS 

ARTHUR  S.  DWIGHT.  Chairman. 
HENRY  S.  DRINKER.  D.  M.  RIORDAN.  WARREN  A.  WILBUR 

NOMINATING  COMMITTEE 

SEELEY  W.  MUDD.  Chairman. 
DAVID  H.  BROWNE.  JOHN  C  GREEN  WAY,  FREDERICK  LAIST. 

JAMBS  GAYLEY.  H.  O.  HOFMAN,  R.  V.  NORRIS. 

COMMITTEE  ON  ARRANGEMENTS,  NEW  YORK  (114th)  MEETING,  1917 

DAVID  H.  BROWNE,  Chairman. 

H.  A.  MEGRAW,  BRADLEY  STOUGHTON, 

BURR  A.  ROBINSON.  JOSEPH  8TRUTHERS. 

F.  T.  RUBIDGE.  EDWARD  B.  STURGIS 

E.  MALTBY  8HIPP. 


LAWRENCE  ADDICKS. 
0£ORGE  D.  BARRON, 
CLINTON  H.  CRANE. 
J.  E.  JOHNSON,  JR. 
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INSTITUTE  REPRESENTATIVES 
UniUd  Bngineen$^g  Society  Trude69 

CHARLES  F.  RAND,*  W.  L.  SAUNDERS,!  BENJAMIN  B.  THAYE&.t 

Bngineering  PaundaHon 
R.  M.  RAYMOND,  BENJAMIN  B.  THAYER. 

Library  Board,  UniM  Bngineering  SoeUiy 
KARL  EILERS^  E.  F.  ROEBEE,« 

ALEX  C.  HUB&HREYS,i  E.  GYBBON  SPILSBURY.i 

BRADLEY  8TOUOHTON. 

John  FrUz  Modal  Board  cf  Award 

C.  R.  OORNING,«  ALBERT  SAUYEUR,! 
CHARLES  F,  RAND.I  E.  GYBBON  SPnJWURY.i 

OoMrd  Conforonee  ComnMoe  of  BnginseHng  8ocUtie$ 

J.  PARKE  CHANNING.       BENJAMIN  B.  LAWRENCE.       BRADLEY  8TOUGHTON. 

Amoriean  A9$oeiaHon  for  ihe  AdvancemmU  of  Seioneo 

WALDEMAR  UNDGREN,  JOSEPH  B.  TYRRELL. 

Adoitory  Board  of  the  National  ConeervatUm  Congreet 

HENRY  8.  DRINKER. 

CommUtee  on  StandardizaHon  of  Oraphtedl  Methode 

JUDD  STEWART. 

CommUtee  on  National  Reeerve  Corjm  of  Bngineere 

ARTHUR  S.  DWIGHT. 

Committee  on  Mining  Law  Reeieion 

JAMES  R.  FINLAY  HENNEN  JENNINGS 

D.  C.  JACKLING.  C.  F.  KELLEY, 

EDMUND  B.  KIRBY. 

Naval  ConetMng  Board 

^ftwihfri 
WILLIAM  L.  SAUNDERS.  BENJAMIN  B.  THAYER. 

AuocUU»  Membert 

flTEPIIEN  O,  ANDE03,  J,  C,  C  "  " "         AY,  CHARLES  F.  RAND. 

E.  J.  BABCOCK.                            LAFA  V  i      i  l     11 ANCHETT,       FRANK  D.  RASH, 
H.  R.  BATCHELLER,  H.  O   HIXON,  R.  H.  RICHARDS. 

A,  A.  BLOW,                                    C.  B,  HOLLte.  C.  S.  ROBINSON, 
PHrLIP  E  BRADLBT.                 GEORGE  P.  HTJL9T,  WALTER  M.  SAUNDERS. 
J.  L,  BRUCE,                                    FRANK  t3,  HITMRKRT,  E.  A.  SAY  RE, 

D.  W   BRONTONj  HENNEN  JENNINGS.  H.L.SCAIFE, 

ALLAN  J.  CLAEK,  8.  W   McCALrJE,  A.  M.  SWARTLEX 

F.  K.  COPELAND.  A*  J,  MeQUATTBES.  PRIESTLEY  TOULMIN. 

B.  F,  CRE8S0N.  JR,                     C.  W.  MERRTLU  W.  E.  TRENT. 
ROBERT  N,  DICKMAN,             P.  N.  MOORE,  M.  M.  VALERIUS, 
M   M.  DUNCAN*                           F.  W.  O'NETU  W.  D.  WALTMAN. 
T.  C.  DU  PONT,                             WALTER  T.  PAQE,  I.  C.  WHITE, 
STANLY  A.  EASTON;                  W.  H   PEJRCE.  ELI  WHITNEY, 
W,  E,  a  EOBTIS*                           JOSEPH  H   PRATT,  H.  V.  WINCHELL. 
J.  R.  FORDYCE.                            J,  C.  RALSTON, 

Committee  on  Engineering  Education 
JOHN  HAYS  HAMMOND,  HENRY  MARION  HOWE. 

Committee  on  Adoption  of  Metric  Syetem 

GEORGE  F.  KUNZ.  JOSEPH  W.  RICHARDa 

CommUlee  on  Claeeifieation  of  Technical  Literature 

WILLIAM  P.  CUTTER. 

/.  A.  Hclmee  Safety  Firet  Aseodation 

HENNEN  JENNINGS. 

Pan-American  Engineering  Committee 

WALTER  H.  ALDRIDQE.  W.  H.  LEONARD. 

FREDERICK  K.  COPELAND.  P.  N.  MOORE, 

JOSEPH  W.  RICHARDS. 

Committee  on  Military  Engineering  Leeturee 

J.  PARKE  CHANNING.  CHARLES  F-  RAMD.  BRADLEY  STOUGOTON. 

ALEX  C.  HUMPHREYS.         WILLIAM  L  SAUNDERS,       WILUAM  H.  WILEY. 

Joint  Conference  Committee  on  Engineering  Standards 
JAMES  R.  FINLAY.  J.  W.  RICHARDS,       GEORGE  C.  STONE. 

>  UmU  F«b.,  1917.        t  UntU  F«b..  IQlsT       •  UntU  F«b.,  1019.        •  Untia  Ftb..  IMO. 
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TECHNICAL  COMMITTEES 
Iran  and  SM 

JOSEPH  W.  RICHARDS.  Ckakmmik. 

J.  E.  JOHNSON,  Jb.,  Fte^-OftalrMM. 

ARTHURS.  CALLEN,  5Mrffary,  408  ChMtmtt  St.,  So.  BetUehan,  Pa. 

SuB-CoMiaiTmB 

IRON  OBE 
DWIQHT  B.  WOODBRIDGE,  ChaHrmcm, 
ERNEST  F.  BURCHARD,         WHXIAM  KELLY,  CHARLES  F.  RAND, 

FELIX  A.  VOOEL. 

BLAST  FURNACES 
H.  A.  BRASSERT,  Ckaimtmi^ 
AMBROSE  N.  DIEHL, 
RICHARD  v.  MoKAT. 


WILUAM  H.  BLAUVELT, 


JAMES  QATLET, 


GUILLLAEM  AERTSEN, 
FRANK  D.  CARNEY. 


BTBBL  WORKS 

D.  HIBBARD,  Chairmtm. 

J.  &  UNDER, 
WnUAM  R.  WALKER. 


HENRY 
C.  F.  W.  RY8. 
A.  A.  STEVENSON, 


ROBERT  W.  HUNT. 


JOHN  H.  HALU 


MBCHANIOAL  TREATMENT 
CHARLES  A.  BUCK,  Chairmmi^ 


GEORGE  MESTA, 


FREDERICK  W.  WOOD. 


WILLIAM  CAMPBELL, 
HENRY  M.  HOWE, 


rOUNDET 
RICHARD  MOLDENKE,  Cka/frmtm. 

ENRIQUE  TOUCEDA. 
GHBiaSTRT,  PHYSICS,  AND  MBTALLOGBAPHT 
HERBERT  M.  BOYLSTON,  Chairmum. 


JOHN  A.  MATHEWS, 

B.  GYBBON  SPIL8BURY. 


ALBERT  SAUVBUR. 
LBONARD  WALDO, 
WILUAM  R.  WEBSTER. 


PtMitum  and  Oob 

ARTHUR  F.  L.  BELL,  Ckainmtm. 
WILLIAM  N.  BEST.  Vi4f-^ka*rmmm,  DAVID  T.  DAY,  Fi0*-CJbainiMH». 

WILLIAM  B.  PHILLIPS,  Vie^-^^hairman.  MARK  L.  RBQUA,  Vie^^ha^man. 

LEONARD  WALDO,  SMrelarw  M  WaD  Si.,  New  York,  N.  Y. 


RALPH  ARNOLD, 
FREDERICK  G.  CLAPP, 
EUGENE  C08TE, 
BDWIN  T.  DUMBLB, 
JOHN  R.  EDWARDS, 


PHILIP  W.  HENRY, 
HANS  VON  HOBFER, 
ISAAC  N.  KNAPP, 
ANTHONY  F.  LUCAS, 
BZEQUIBL  ORDONEZ, 


FRANCIS  C.  PHILLIPS, 
WALTER  O.  SNEIXING, 
CHESTER  W.  WASHBURNE, 
WILLIAM  L.  WATTS, 
HERBERT  A.  WHEELER, 
WILLIAM  A.  WILLIAMS. 


Coal  and  Coke 

SAMUEL  A.  TAYLOR,  Cktdrmmn. 

BDWIN  LUDLOW,  Vie^^kairmtm,  W.  J.  RICHARDS,  Vie»-<nkaifmmm. 

FREDERICK  W.  C.  WHYTB,  F<0*-C%alniMm. 
WILLIAM  B.  FOHL,  a^Mlan,  Fannom'  Bank  Bide.  Pltttburgh,  Pa. 


8.  B.  BELDEN. 
wniXAM  H.  BLAUVELT, 
H.M.  CHANCE, 
THOMAS  H.  CLAGETT, 
BLI  T.  CONNER, 
JAMBS  &  CUNNINGHAM, 
FRANK  W.  DsWOLF, 
B.  ▼.  D'INVIIUERS, 
W.  W.  DUFFIBLD, 
HOWARD  N.  BAVBNSON, 
CHARLES  BNZIAN, 
WIUJAM  A.  FORBES, 
WILUAM  H.  GRADY, 
FRANK  HAAS, 


R.  DAWSON  HALIh 
FRANK  A.  HILL, 
FRANK  ALBERT  HILL, 
CHARLES  F.  HUBER, 
JAMES  ELLWOOD  JONES, 
CHARLES  E.  KRBBS, 
GEORGE  J.  KREBS, 
A.  C.  LEISENRING, 
SPENCER  R.  LOGAN, 
EUGENE  McAULIFFB, 
CHARLES  T.  MALCOLMSON, 
FRANK  A.  MANLBT. 
JOHN  P.  K.  MUULER. 


R.  V.  NORRIS, 
CHARLES  J.  NORWOOD, 
THOMAS  H.  O'BRIEN, 
FRANK  A.  RAY, 
GEORGE  &  RICE, 
JOHN  J.  RUTLEDGE, 
CARL  SCHOLZ, 
JOHN  ROY  SHARP. 
T.  W.  BPRAGUE, 
ARTHUR  H.  STORRS. 
ISRAEL  C.  WHITE, 
WILLIAM  G.  WILKINS, 
LEWIS  L.WILLARD. 
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PreeUnu  and  Bam  Metala 

CHARLES  W.  QOODALB,  Chtdrmmt^ 

ARTHUR  L.  WALKER.  Vie^^kairmam.  ROBERT  0.  QEMMSLL.  ViM^Ckmirmmm. 

DARSIB  0.  BARD,  Stentunf,  MonUaA  State  Sohool  of  MiMi.  Butts,  Mont. 

SnB-OoiOaTTUDB 


LAWRENCE  ADDICKS. 
W.  LAWRENCE  AUSTIN, 
JOHN  C.  GREENWAY, 
LAFAYETTE  HANCHETT, 
L.  OQILVIE  HOWARD, 


OOPPRB 
EDWARD  P.  If  ATHEWSON,  Chairman. 


F.  L.  BOSQUI, 
PHHJP  R.  BRADLEY, 
CHARLES  BUTTERS, 
ROBERT  C.  CANBY, 
ALLAN  J.  CLAKKt 


C.  J.  ADAML 
LEONARD  S.  AUSTIN, 
WILLIAM  BRADBN. 
ARTHUR  S.  DWIGHT, 
KARL  BILERS, 


S.  E.  BRETHERTON, 
QELASIO  CABTANI, 


DAVID  H.  BROWNE, 
SIEGFRIED  FISCHER, 
FRANK  L.  HESS, 


MARK  N.  ALLING, 
SIDNEY  H    BALL. 
PIERRE  BOUERY, 
C.  C.  BRAYTON. 
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HISTOBT  OF  THE  PLOTATION  PB0GBS8  AT  INSPIRATION  1879 


History  of  the  Flotation  Process  at  Inspiration 

Diflcuasion  of  the  paper  of  Rudolf  Gahl,  presented  at  the  Arizona  Meeting,  Septem- 
ber, 1916,  and  printed  in  Bulletin  No.  117,  September,  1916,  pp.  1627  to  1681. 

RxjDOLF  Gahl,  Miami,  Ariz. — Since  I  wrote  the  paper  on  flotation 
which  is  in  your  hands,  important  developments  have  taken  place,  and, 
for  this  reason,  I  will  try  in  a  few  words  to  bring  it  nearer  up  to  date  as 
far  as  the  Inspiration  plant  is  concerned. 

You  may  have  noticed  that  in  the  Inspiration  concentrator,  flotation 
is  not  solely  relied  upon  for  the  recovery  of  the  coarser  material,  but  that 
flotation  tailings  are  spUt  into  a  sand  and  a  slime  product  on  drag  classi- 
fiers. The  sand  product  is  treated  on  tables  which  thus  supplement  the 
work  of  the  flotation  machines. 

Extensive  tests  have  shown  us  that,  if  we  wanted  to,  we  could  leave 
out  these  tables  and  substitute  additional  flotation  machines,  as  they  will 
make  fully  as  good,  if  not  a  better  recovery  than  tables  on  the  deslimed 
feed,  but  the  treatment  would  be  more  expensive,  especially  in  view  of  the 
fact  that  oils  are  required  which  cost  more  than  those  which  we  are  now 
using  in  our  main  flotation  plant.  We  have,  however,  decided  to  apply 
flotation  treatment  to  our  table  middlings. 

I  would  also  like  to  add  a  few  words  regarding  the  treatment  of  oxi- 
dized copper  ores.  Although  our  experience  shows  that  the  addition  of 
hydrogen  sulphide  and  other  soluble  sulphides  effects  a  very  good  recov- 
ery of  copper  carbonates  with  certain  ores,  we  have  not  been  able  to 
prove  that  we  could  use  it  advantageously  for  the  ore  mixture  which  we 
are  treating  in  our  concentrator,  and  for  this  reason,  have  looked  toward 
leaching  for  extracting  the  carbonate  and  silicate  copper  that  we  are  losing 
now.  Experiments  in  this  direction  are  going  on  and  are  giving  very 
encouraging  results.  It  may  interest  you  to  hear  that  we  intend  to  use 
limestone  for  the  precipitation  of  the  copper  which  goes  into  solution,  as 
electrolytic  precipitation  seems  to  be  out  of  the  question  on  account  of  the 
diluteness  of  the  resulting  solutions,  and  precipitation  by  iron  was  rightly 
objected  to  on  account  of  the  unavoidable  contamination  of  the  water 
supply.  We  feel  very  hopeful  about  the  success  of  our  limestone  pre- 
cipitation which,  if  it  holds  what  it  seems  to  promise,  will  develop  into  a 
novel  feature  of  copper  metallurgy. 

Fbedebick  Laist,  Anaconda,  Mont,  (written  discussion). — ^Dr. 
Gahl  is  assuredly  to  be  complimented  on  the  preparation  of  so  well- 
written  and  complete  a  paper  as  well  as  upon  the  excellent  work  done 
under  his  supervision.  One  cannot  but  be  impressed  by  the  care  and 
thoroughness  with  which  all  possible  combinations  were  investigated. 
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and  the  paper  leaves  one  with  the  impression  that  the  equipment 
finally  chosen  is  without  a  doubt  the  best  obtainable  for  the  conditions 
prevailing. 

I  was  specially  interested  in  Dr.  Gahl's  description  of  the  development 
of  the  Inspiration  flotation  machine,  and  its  final  perfection  is  certainly 
a  credit  to  his  keenness  and  powers  of  observation.  The  machine  is 
simplicity  itself  and  strikes  me  as  the  logical  development  of  the  pneu- 
matic type. 

The  relative  merits  of  the  impeller  and  pneumatic  types  of  flotation 
machines  have  been  the  subject  of  much  discussion  and  the  selection  of 
type  is  doubtless  dependent  largely  on  local  conditions  and  on  the  char- 
acteristics of  the  ore  undergoing  treatment.  We  have  always  been  of  the 
opinion  at  Anaconda  that  whenever  a  neutral  or  alkaline  treatment  was 
used  and  the  oils  could  be  added  to  the  pulp  going  to  the  ball  mills,  the 
pneumatic  type  had  an  advantage  both  as  regards  power  consumption 
and  installation  cost.  When,  however,  the  treatment  requires  the  use 
of  acid  as  is  the  case  on  some  copper  ores  and  most  zinc  ores,  the  pneu- 
matic machine  loses  much  of  its  advantage.  Obviously,  the  acid  cannot 
be  introduced  into  the  ball  mill  and  it  is  generally  necessary  to  add  it 
ahead  of,  or  at  the  same  time  as,  the  oil. 

Thus  it  becomes  necessary  to  insert  an  agitator  between  the  ball  mill 
and  the  flotation  machine  as  the  pneumatic  treatment  alone  b  not  suffi- 
ciently vigorous.  The  early  pneumatic  machine  installations  contained 
Pachuca  tanks  for  this  purpose.  These,  however,  did  not  prove  effective, 
for  the  reason  that  an  emulsification  of  the  oil  is  required,  and  not  merely 
agitation.  It  therefore  becomes  necessary  to  use  an  impeller  or  some  form 
of  mechanical  emulsifier,  and  the  power  required  to  operate  this  machine 
must  be  added  to  the  power  consumed  by  the  flotation  machines  proper. 

In  Montana  we  find  that  our  power  consumption  for  emulsifying  and 
flotation  is  about  0.24  hp.  per  ton  as  compared  with  0.15  hp.  for  flotation 
alone  at  Inspiration.  The  capacity  of  an  impeller-type  machine  is 
materially  greater  when  the  emulsification  of  the  oil  in  the  pulp  is  done  in 
the  ball  mill.  In  this  connection  an  interesting  suggestion  was  recently 
made  by  Dr.  Cottrell.  He  suggests  making  an  emiflsion  of  oil  and  water 
in  a  special  emulsifier,  such  as  made  by  the  De  Laval  people,  consisting 
of  two  disks  running  almost  in  contact.  The  oil  and  water  is  fed  in  at  the 
center  and  is  thrown  out  at  the  circumference.  Thus  the  work  of  spread- 
ing the  oil  through  the  pulp  might  be  done  more  efficiently  than  is  now 
the  case. 

For  some  time  it  seemed  to  us  that  the  main  point  to  be  considered  in 
choosing  between  the  two  types  of  machines  was  power,  and  that  this 
depended  largely  upon  whether  acid  or  neutral  or  alkaline  treatment 
were  decided  on.  Of  late,  however,  it  has  seemed  to  us  that  the  impeller 
type  of  machine  has  another  advantage,  which,  I  recall  quite  distinctly, 
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was  cited  as  a  disadvantage  when  the  first  CaUow  machines  were  brought 
out.  I  refer  to  the  toughness  of  the  froth.  Most  of  you  doubtless 
recollect  that  one  of  the  advantages  of  the  pneumatic  machines  was  sup- 
posed to  be  that  the  froth  breaks  down  quite  readily ,  thus  rendering  the 
mineral  content  of  the  froth  easier  of  collection. 

It  is  becoming  more  evident  to  us,  however,  that  this  apparent  advan- 
tage is  actually  the  reverse  for  the  reason  that  the  coarser  mineral  grains 
tend  to  fall  back  before  they  can  be  skimmed  off  and  are  thus  lost  or  must 
be  recovered  by  tabling.  We  are  beginning  to  believe  that  the  tougher 
froth  is  a  distinct  advantage  of  the  impeller  machine,  and  our  belief  has 
been  considerably  strengthened  of  late  by  tests  made  on  a  disseminated 
copper  ore  from  South  America.  It  was  impossible  to  make  as  lean  a 
tailing  on  the  pneumatic  machine  as  on  the  impeller  machines,  owing  to 
faUing  back  of  the  coarser  mineral  grains. 

Francis  S.  Schimerka,  Clifton,  Ariz. — Regarding  the  proposed 
scheme  of  Dr.  Gahl,  to  precipitate  the  copper  from  a  sulphate  solution  by 
means  of  ground  limestone,  I  had  a  discussion  with  him  a  few  days  ago.  I 
called  his  attention  to  the  fact  that  the  result  of  this  operation  would  be 
a  low-grade,  very  slimy  and  voluminous  precipitate  consisting  of  the 
rather  insoluble  gypsum  and  basic  copper  carbonate  both  in  highly 
hydrated  form,  which  is  difiScult  to  handle  and  can  be  worked  up  only  by 
matte  smelting  in  the  blast  furnace. 

Dr.  Gahl  has  proposed  limestone  as  a  precipitant  for  the  copper  in  the 
leaching  solutions  to  avoid  contamination  of  the  water  supply  to  the  mill 
which  would  result  from  returning  the  exhausted  liquors  into  the  mill 
system.  I  think  the  difficulty  could  be  overcome  by  applying  the  acid  to 
a  de-watered  thickened  pulp;  this  procedure  would  assist  the  leaching 
operation  and  the  exhausted  liquors  could  be  run  to  waste. 

Rudolf  Gahl. — I  would  like  to  say  that  I  agree  completely  with 
everything  that  Mr.  Laist  says,  except,  of  course,  his  compliments.  It 
oocurred  to  me  through  Mr.  Laist's  remarks  regarding  the  relative  char- 
acter of  the  froth  produced  by  the  different  types  of  flotation  machines, 
it  might  be  worth  while  trying  to  modify  the  froth  of  the  pneumatic 
machines  by  reducing  the  air  supply,  and  perhaps  also  by  reducing  the 
frothing  agent  in  the  flotation  oil  mixture.  I  feel  sure  that  the  character 
of  the  froth  can  be  modified  to  some  extent,  although  I  doubt  very  much 
if  without  retreatment  it  ever  would  approximate  the  froth  of  the  stand- 
ard-type M.  S.  machine.  Regarding  Mr.  Schimerka's  remarks,  I  might 
say  that  I  know  very  little  about  smelting,  and  have  not  considered  the 
smelting  problem  very  carefully.  All  I  know  is  that  Mr.  Wallace,  who 
used  to  be  smelter  superintendent  of  the  International  Smelting  Co.  here 
assured  me  that  he  could  smelt  that  stuff,  and  could  pay  for  the  lime 
also*    Regarding  the  other  point  Mr.  Sphimerka  brought  out,  about  add- 
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ing  the  acid  to  a  thickened  pulp,  my  impression  is  that  still  a  large  part  of 
the  water  supply  would  be  contaminated  because  we  have  to  figure  on 
leaching  mainly  very  fine  slime  as  it  contains  most  of  the  oxidized  copper; 
and  it  is  the  experience  of  every  mill  man  that  it  is  impossible  to  settle 
such  slime  to  a  consistency  exceeding  3  to  1 — ^that  is,  3  parts  of  water  to  1 
part  of  solid  matter.  That  would  mean,  if  we  added  the  acid  to  the  thick- 
ened pulp,  we  would  spoil  3  tons  of  water  for  each  ton  of  leached  ore. 

C.  E.  Mills,  Miami,  Ariz. — It  seems  to  me  that  one  of  the  members 
might  tell  the  experiences  at  Chino  in  leaching  oxidized  ore. 

H.  W.  MoBSE,  Los  Angeles,  Cal. — ^We  have  not  gone  far  enough  to 
say  anything  about  what  we  are  going  to  do,  but  I  think  at  the  next 
meeting  of  the  Institute  we  will  be  able  to  give  some  very  interesting 
results  on  this  class  of  work.  Dr.  Ricketts  has  always  turned  down  my 
proposals  because  they  involved  the  handling  of  a  thin  pulp,  settling  and 
washing,  and  a  great  many  other  miseries  which  would  certainly  be 
involved  in  this  class  of  work.  But,  when  he  saw  the  proposed  scheme 
at  Chinp,  he  expressed  himself,  fortunately,  as  being  satisfied  that  we  had, 
provided  we  could  make  it  go,  decided  on  a  scheme  that  met  his  approval, 
which  involved  no  thinning  of  material  or  washing,  but  simply  the  ordi- 
nary passage  of  mill  pulp  through  an  agitator  and  flotation  machine.  We 
have  not  any  results  worthy  of  consideration  as  yet,  but  I  feel  encouraged 
by  the  laboratory  work  and  very  confident  of  the  future  of  this  scheme. 
If  it  wiU  go,  it  will  be  an  important  process  because  it  will  enable  us 
to  treat  mixed  ores,  provided  that  they  contain  a  sufficient  amount  of 
soluble  ores  to  precipitate  on  iron,  and  provided  that  they  contain  suffi- 
cient sulphides  to  pay  for  flotation  operation. 

David  Cole,  El  Paso,  Texas. — ^I  understand  that  Dr.  Ricketts 
''turned  down"  Dr.  Morse  when  advocating  leaching  processes  for  low- 
grade  tailings  by  methods  which  involved  first  getting  the  copper  into 
solution  and  then  separating  the  solution  from  the  pulp  in  a  clarified 
condition,  which  is  difficult  and  involves  much  washing  with  clear  water, 
etc.,  resulting  in  thin  solutions,  the  latter  entailing  difficulties  or  ''miser- 
ies" in  effecting  precipitation  and  recovery  of  the  metal. 

On  the  other  hand.  Dr.  Ricketts  approves  the  present  process  which 
Dr.  Morse  is  using  at  Chino,  in  which  the  oxidized  copper  is  first  taken 
into  solution  by  the  use  of  about  3  lb.  of  sulphuric  acid  per  pound  of  cop- 
per digested;  this  copper  is  then  precipitated  upon  iron  in  an  agitated 
mass,  which  results  in  metaUizing  the  copper  at  the  expense  of  about  2  lb. 
of  iron  per  pound  of  copper  precipitated.  The  metallized  copper  is  then 
in  a  very  fine  state  of  division  in  the  pulp,  and  the  remaining  copper  sul- 
phides which  were  not  attacked  by  the  acid  are  also  in  the  pulp  in  a  very 
fine  state  of  division,  and  the  whole  is  subjected  to  flotation  treatment  for 
the  removal  of  both  the  sulphide  and  metallized  contents,  thus  doing 
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away  with  the  necessity  of  removing  the  solution  in  a  clarified  condition 
from  the  pulp  under  treatment,  avoiding  the  washing  of  the  pulp  for  com- 
plete removal  of  solutions  pregnant  with  copper,  and  avoiding  most  of  the 
"miseries"  previously  unavoidable. 

The  exhibit  of  this  new  scheme  of  treatment  operating  on  a  small  ton- 
nage basis,  which  was  so  kindly  thrown  open  to  examination  by  our  party 
while  at  Chino,  was  very  interesting. 

Miami  has  been  experimenting  for  some  time  along  the  same  line  and 
has  achieved  success  in  a  laboratory  scale.  Flotation  has  been  successfully 
used  in  the  separation  of  ultra-fine  native  copper  in  Michigan,,  and  there 
seems  to  be  much  promise  in  this  new  scheme  of  treatment  for  the  recov- 
ery of  copper  in  low-grade  ores  when  in  a  mixed  condition  of  oxide  and 
sulphide  form.  As  Dr.  Morse  has  suggested,  the  development  promises 
to  be  important,  and  we  may  be  on  the  threshold  of  another  important 
step  in  copper  metallurgy.    I  congratulate  him. 

(Here  Mr.  Cole  read  an  abstract  of  his  discussion  of  Dr.  Gahl's  paper 
which  was  printed  in  the  October,  1916,  Bulletin,  pp.  1870  to  1875. 

Rudolf  Gahl. — Mr.  Cole's  question,  why  hydraulic  classifiers  were 
installed  in  the  Inspiration  mill,  is  very  pertinent,  and  his  doubt  about 
their  usefulness  for  the  classification  of  the  deslimed  flotation  machine 
tailings  seems  well  justified.  In  defense  of  the  installation,  I  will  say 
this: 

1.  The  expense  of  operating  these  classifiers  is  very  low,  the  principal 
cost  item  being  labor  for  their  attendance. 

2.  It  requires  a  very  small  settling  capacity  to  settle  the  table  tailings. 
At  the  Inspiration  mill  it  is  accomplished  by  three  60-ft.  Dorr  settling 
tanks,  with  an  additional  tank  installed  for  the  purpose  of  keeping  the 
coarsest  sand  out  of  the  Dorr  tanks.  This  small  installation  handles 
more  than  7,000  tons  per  day.  As  the  reclamation  is  accomplished  right 
at  the  foot  of  the  mill,  the  reclaimed  water  does  not  have  to  be  lifted  very 
high,  and  the  reclaimed  cost  for  this  water  is,  therefore,  low. 

In  other  words,  the  benefit  derived  from  the  installation  of  hydraulic 
classifiers  does  not  need  to  be  very  great  to  make  them  pay. 

It  is  true  that  when  we  operated  our  test  mill,  we  succeeded  in  obtain- 
ing quite  satisfactory  recoveries  in  spite  of  the  fact  that  we  put  the  whole 
of  the  flotation  machine  tailings  on  the  tables  without  preliminary  classi- 
fication. We  realized,  however,  that  the  table  tailings  (at  least  the 
coarser  sizes)  were  not  as  low  in  their  copper  contents  as  we  hoped  to  have 
them  some  day.  We  knew,  furthermore,  that  by  grinding  finer  we  could 
reduce  the  coarser  screen  sizes  in  copper.  As  grinding  finer  than  to  a 
certain  point  is  an  economical  impossibility,  we  had  it  in  view  to  make 
different  sizes  and  to  send  them  to  separate  tables.  This  separation  we 
intended  to  accomplish  in  hydraulic  classifiers.    The  coarser  tailings,  or 
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perhaps  only  middlings  from  the  tables,  could  then  be  reground  and 
reconcentrated. 

To  Mr.  Cole's  question  as  to  what  happens  when  the  previotidy 
frothed  sand  feed  is  put  upon  the  tables  for  final  treatment  without 
hydraulic  sizing  separation,  I  have  to  reply: 

That  we  have  not  made  the  test  which  he  suggests,  but  that  I  am 
inclined  to  agree  with  him  that  the  tables  might  do  as  well  on  an  unclas- 
sified as  on  a  classified  feed.  The  hydraulic  classifiers  were  put  in  as  I 
have  indicated  before,  in  anticipation  of  further  development  of  our  flow- 
sheet. 

We  are  doing  a  great  deal  of  experimental  work  on  this  special  point, 
but  have  not  gone  far  enough  to  predict  just  what  the  details  of  the 
additional  sand  treatment  will  be. 

R.  S.  Handy,  Kellogg,  Idaho. — ^I  would  like  to  ask  if  anyone  has  deter- 
mined the  relative  economic  efficiency  of  flotation  as  compared  with 
gravity  treatment  on  granular  material. 

C.  E.  Mills. — I  don't  know  whether  I  could  answer  that,  but  would 
say  that  through  some  experiments  which  Dr.  Gahl  has  mentioned  on  the 
coarse  feed  to  the  tables,  we  have  come  to  the  conclusion  that  we  do 
slightly  better  by  flotation  than  by  tabling  of  that  material. 

E.  P.  Mathewson,  Anaconda,  Mont. — ^I  would  like  to  say,  in  regard 
to  Mr.  Handy's  question,  that  it  is  the  practice  in  Montana  to  take  out 
everything  that  is  possible  by  means  of  tables  or  other  water  concentra- 
tion machines;  and  at  the  Anaconda  plant  we  take  out  concentrates  l}4 
in.  size,  and  keep  on  taking  out  finer  and  finer  material  by  water  con- 
centration until  we  get  to  the  tables.  What  is  left  from  the  tables  and 
not  saved  is  then  ground  up  and  put  through  the  flotation  machines.  We 
find  by  our  experiments  that  it  is  better  to  keep  the  slime  separated  from 
the  sand. 

R.  S.  Handy. — In  experimenting  on  lead  ore,  I  found  it  advisable  to 
separate  the  granular  material,  tabling  the  sand  material;  and  I  wondered 
if  that  same  experience  had  been  gone  through  in  copper  ore. 

C.  E.  Mills. — That  is  similar  to  what  we  are  doing  at  Inspiration  in 
our  callow  sections.  The  piilp  is  first  subjected  to  a  primary  iSotation, 
then  sent  to  drag  belts  which  separate  slime  from  sand.  The  sand  is 
tabled  while  the  slime  is  given  another  flotation  treatment. 

David  Cole. — I  consider  it  unnecessary  to  first  remove  the  slime,  for 
the  reason  that  after  the  slime  has  been  subjected  to  flotation  treatment 
there  is  nothing  in  it  that  a  table  treatment  can  save— -no  sulphides  in  a 
sufficiently  fine  state  of  division  to  be  transported  by  the  slime,  because 
the  previous  frothing  operation  has  removed  it  all,  and  when  sUme  is 
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'denatured''  in  this  manner  it  is  no  longer  harmful  upon  the  table,  and 
does  not  interfere  with  the  working  of  the  sands  upon  the  table.  The 
table  will  do  exactly  the  same  work  upon  the  sands  that  it  would  do  if  the 
slimes  were  not  going  across  and  off  in  the  rear  of  the  sands  with  the 
excess  water.  If  no  previous  division  or  washing  out  of  slime  is  practiced 
we  have  gained  to  the  extent  of  the  trouble  and  cost  that  would  be 
entailed  in  making  the  division.    That  is  the  way  I  view  the  matter. 

Rudolf  Gahl. — I  would  like  to  express  a  doubt  as  to  Mr.  Cole's 
statement.  Our  experiences  distinctly  show  that  we  get  a  better  sand 
recovery  by  flotation  if  we  remove  the  slime  beforehand.* 

E.  P.  Mathewson.— ^I  beg  to  confirm  Dr.  Gahl's  statement  as  to  the 
practice  at  Anaconda. 

R.  S.  Handy. — I  would  like  to  say  that  I  have  separated  a  minus  200- 
mesh  lead  ore  into  granular  and  flocciilent  matter,  treating  the  former  on 
tables  and  the  latter  by  flotation.  By  this  treatment  I  have  recovered  92 
per  cent,  of  the  total  lead,  in  a  concentrate  a8sa3dng  63  per  cent.  lead.  By 
flotation  of  the  total  ore  I  could  recover  only  85  per  cent,  of  the  lead  when 
the  concentrates  assayed  63  per  cent,  lead  and  in  order  to  get  92  per  cent. 
extractioUi  the  best  grade  of  concentrates  I  could  get  was  50  per  cent.  lead. 

C.  E.  Mills. — I  wish  to  say,  in  response  to  Mr.  Cole's  question,  that 
I  think  Dr.  Gahl  overlooked  something  that  we  have  at  the  Inspiration 
mill — a  section  that  is  running  tables'on  an  unclassified  feed.  The  results 
from  that  section  are  just  as  good  as  in  the  others.  I  think  that  may  be 
due  to  the  fact  that  we  do  not  do  very  good  classification. 

F.  G.  Cottrell,  San  Francisco,  .Cal. — There  is  one  point  in  connection 
with  what  Mr.  Handy  was  sa3dng.  I  think  what  he  has  in  mind  is  the 
distinction  between  sands  under  200-mesh.  *  It  is  more  of  a  physical  dis- 
tinction than  a  mill  distinction.  I  mention  it  because  it  might  be  some- 
thing for  the  practical  mill  man  in  drawing  a  distinction  between  clay 
material  and  the  very  finely  ground  crystalline  material.  It  is  customary 
to  lump  under  slimes  ever3rthing,  irrespective  of  its  chemical  properties. 

C.  E.  Mills. — ^I  think  Mr.  Cole  has  done  a  lot  of  work  along  that  line. 
He  might  give  us  some  information  about  it. 

David  Cole. — ^In  my  paper  "The  Advent  of  Flotation  in  the  Clifton- 
Morenci  District,''  I  referred  to  that.    In  devising  the  early  flow  sheets  for 

^NoTB  by  Dr.  Gahl:  I  judge  from  Mr.  Cole's  remarks  in  the  form  in  which  they 
i^ypear  on  ihe  stenographer's  transcript  of  the  discussion  after  being  corrected  by 
Mr.  Cole  that  very  likely  he  did  not  refer,  as  I  understood  him  to  do  in  the  dis- 
euadon,  to  the  flotation  treatment  of  a  mixture  of  slime  and  sand.  If  this  is  so,  my 
answer  does  not  fit  the  case. 

4 •   •'        ■  ■"         '•-.♦••-■. 
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Morenci  we  thought  it  would  be  advanti^eous  to  make  the  separation 
because  we  did  not  at  the  time  consider  flotation  as  at  all  applicable  to  the 
problem.  In  my  paper  I  have  alluded  to  the  methods  devised  and  rea- 
sons for  making  the  divisions. 

We  knew,  of  course,  that  the  separation  could  not  be  made  upon 
screens.  Hydraulic  or  washing  separation  I  considered  to  be  impracti- 
cable after  trial  of  some  of  Mr.  Overstrom's  methods,  and  spitzkasten  or 
pointed  box  or  Callow  tank  separation  is  only  partially  successful.  A 
better  result  would  be  accomplished  by  shortening  the  period  of  settling. 
To  go  into  an  explanation  of  why  this  is  so  would  take  too  much  time, 
but  those  who  have  been  dealing  with  slime  and  know  its  peculiarities 
in  settling  and  coagulation — ^its  power  to  arrest  the  falling  of  succes- 
sively larger  particles  of  the  ultra-fine  sands  which  Mr.  Handy  has  in 
mind — will  refdize  what  I  mean  by  hastening  the  removal  of  the  sands, 
and  we  developed  a  machine  which  was  probably  misnamed  a  "colloid 
separator/'  the  office  of  which  was  to  remove  the  millman's  type  of 
"colloid" — ^the  very  much  diluted  clay — ^before  it  should  have  time  to 
settle  into  a  mass  that  would  seize  and  hold  the  granular  material  which 
we  knew  we  could  treat  successfully  on  tables  or  vanners,  and  at  the  same 
time  allow  the  dilute  clay,  which  it  did  no  good  to  treat  by  table  or 
vanner,  to  escape  to  the  tails.  In  the  light  of  our  present  knowledge  of 
flotation  treatment,  we  realize  that  this  overflow,  the  dilute  clay  material 
referred  to,  is  the  part  best  prepared  for  flotation  treatment,  and  outside 
of  the  oxidized  copper  content  would  yield  the  lowest  tails  and  the  most 
complete  recovery,  and  that  it  is  not  necessary  to  remove  the  ultra-fine 
sands  for  flotation  treatment,  for  these  are  best  removed  by  flotation 
also. 

The  colloid  separator  that  was  devised  for  making  the  separation  con- 
sisted of  wide  thin  belts  dragging  upon  the  bottom  of  a  shallow  basin 
(2  in.  deep),  across  which  the  pulp  was  fed  in  a  wide,  thin,  gently  moving 
stream.  The  belts  covered  nearly  the  whole  of  the  bottom  of  the  basin 
(2  in.  apart)  and  therefore  practically  the  whole  floor  of  the  baan  was 
(figuratively  speaking)  moving  toward  the  discharge,  where  it  rose  gently 
above  the  surface  of  the  water,  received  a  gentle  washing  from  clear  water 
sprays  like  the  8pra3rs  used  upon  vanners,  and  dischm-ged  its  load  upon 
vanners  for  gravity  treatment,  where  a  good  frade  of  concentrate  and  a 
low  tail  were  made.  I  think  the  illustrations  in  my  paper  will  make  the 
matter  clear. 

I  have  noted  Mr.  Mathewson's  remarks  concerning  the  present 
Anaconda  practice,  and  that  he  has  the  impression  that  they  really  are 
desliming  the  feed  before  treatment  on  tables.  The  Anaconda  flow  sheet 
shows  such  a  separation  and  the  Anaconda  type  of  conical  deslimer  is 
installed  with  that  end  in  view,  but  like  Mr.  Mills'  admission  of  a  few 
minutes  ago  as  to  Inspiration's  poor  classification  practice,  Anaconda 
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doesn't  do  good  classification.  The  feed  to  the  tables  is  not  deslimed  as 
it  was  intended  it  should  be,  the  reason  being  that  there  are  not  enough  of 
the  Anaconda  classifiers  to  do  the  work  put  upon  them,  and  since  the 
only  office  of  these  classifiers  is  to  prepare  feed  for  the  Butchart  riffle 
treatment,  and  since  these  tables  have  no  office  .but  to  impoverish  the 
ore  treated  by  them,  the  complete  separation  of  the  slime  from  the  feed  is 
of  little  consequence,  for  all  reject  from  the  tables  is  taken  at  once  to  the 
regrinding  mills  where  the  deaning-up  work  is  most  thoroughly  accom- 
plished by  the  flotation  process.  If  the  tables  were  making  a  reject  to 
tailing,  the  Anaconda  classifiers  would  have  to  do  their  full  duty  in  de- 
sliming  the  feed  to  them,  because  the  slimes  going  across  the  Butchart 
tables  would  result  in  serious  losses,  but  since  it  is  immaterial  whether  the 
primarily  made  slimes  reach  flotation  treatment  over  the  top  of  the  classi- 
fiers or  through  the  spigot,  the  classifiers'  inefficiency  and  the  results  as 
to  the  reject  from  the  tables  are  tolerable  and  there  does  not  seem  to  be 
any  reason  to  change.  Obviously,  it  does  not  matter  at  Anaconda  where 
the  copper  is  taken  out  so  long  as  a  minimum  amount  of  it  is  allowed  to 
get  away  with  the  final  tailing,  and  it  is  also  obvious  that  with  Anaconda's 
present  practice  wherein  the  ore  is  reduced  by  their  splendid  treatment 
scheme  from  a  60-lb.  copper  content  to  less  than  a  3-lb.  copper  content  in 
the  final  tail  on  a  ratio  of  practically  3  into  1,  the  chance  for  improvement 
in  mill  practice  through  modification  or  more  perfect  slime  classification 
is  extremely  remote. 

Guy  H.  Rugqles,  Miami,  Ariz. — To  get  back  to  the  subject  of  classi- 
fication at  the  Inspiration:  In  the  early  part  of  the  year  tests  were  made 
showing  that  the  section  which  treats  the  pulp  from  the  flotation  machines 
directly  upon  the  tables,  that  is,  without  classification,  did  as  good  work 
as  the  other  sections  in  which  the  pulp  was  classified.  Since  that  time 
we  have  improved  the  settling  in  our  drag  classifiers  The  average  of 
the  general  tailings  on  a  number  of  sections  for  the  month  of  July  and 
August  shows  that  the  section  which  treats  the  flotation  pulp  directly 
upon  the  tables  is,  if  anything,  not  quite  as  good  as  the  sections  in  which 
we  have  classification.  There  are  some  sections  which  beat  this  section 
by  0.02  per  cent,  copper  and  others  which  beat  it  by  only  0.01  per  cent. 
copper.  Every  0.02  per  cent,  which  we  reduce  the  general  tailings  means 
180  lb.  of  copper  per  24  hr.  per  section,  and  when  this  is  multiplied  by 
18  or  20  it  means  quite  a  lot.  While  our  classification  is  not  very  good,  it 
has  helped  out  quite  a  little  and  if  improved  we  might  get  more  out  of  it. 

R.  C.  Canbt,  Wallingford,  Conn,  (communication  to  the  Secretary*). 
— ^At  the  time  I  was  working  upon  flotation  with  the  late  Robert  S.  Towne, 
he  told  me  of  his  interesting  experience  in  the  use  of  iron  balls  in  a  sort 
of  ball  mill,  with  iron  balls  used  simply  as  an  oiling  device  in  connection 
with  the  Murex  process. 
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Now  in  the  Murex  process  there  is  no  question  of  modification  of 
surface  tension,  etc.,  simply  the  oiling  by  preferential  a£Ginity  of  the  sul- 
phide surfaces  that  the  pulverized  magnetic  oxide  may  be  made  to  adhere 
to  the  sulphides  and  not  to  the  gangue. 

Mr.  Towne  believed  that  the  iron  balls  readily  became  coated  with 
the  oil  and  that  then  the  sulphide  surfaces  very  readily  became  coated 
as  the  particles — through  the  ball-mill  action — came  into  contact  with 
the  surfaces  of  the  oil-coated  iron  balls. 

May  it  be  that  metaUic  iron  has  a  somewhat  similar  assisting  function 
in  the  cases  referred  to  by  Dr.  Gahl?  If  so,  it  would  suggest  that  an  oil 
film  upon  the  sulphide  surfaces  may  be  an  assistance,  if  not  altogether  a 
necessity,  in  the  frothing  flotation  process. 

I  had  not  intended  to  give  Dr.  Gahl  the  impression,  as  expressed  in 
the  footnote  on  page  1637  of  the  September  BtdleUn,  that  the  experi- 
ments which  I  had  conducted  had  given  to  Mr.  Towne  the  idea  of  the 
porous  medium  for  disseminating  air  bubbles.  It  was  furthest  from 
my  thought  to  make  such  a  claim. 

What  I  suggested  was  the  use  of  a  Frenier  pump  spiral  for  incorporat- 
ing the  air  bubbles,  having  in  mind  the  converse  of  the  Elmore  vacuum, 
in  which  I  proposed  to  produce  the  bubbles  by  pressure  instead  of  by  a 
vacuum.  Upon  investigation,  however,  I  found  that  Norris  had  first 
suggested  using  air  bubbles  in  solution. 

While  the  manner  of  releasing  the  discharge  from  the  Frenier  into  a 
separating  compartment  gave  possibly  an  effect  somewhat  that  of  the 
''bubble  column,"  still  it  was  not  actually  the  "bubble  column"  in  the 
sense  the  word  is  now  understood,  and  I  did  not  intend  to  claim  it  as  such. 

I  wish  I  felt  it  proper  to  take  the  space  here  to  more  fully  attest  the 
remarkably  analytical  manner  in  which  Mr.  Towne  studied  into  all  of 
the  problems  which  he  encountered,  taking  as  he  always  did,  the  lead  m 
the  constructive  thought  of  his  staff,  with  whom  he  worked  in  close  touch. 


*  Received  Sept.  14,  1916. 
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Flotation  Concentration  at  Anaconda,  Mont. 

Discussion  of  the  paper  of  Fbbdebick  Laist  and  Albbbt  E.  Wiggin,  presented 
at  the  Arisona  Meeting,  September,  1916,  and  printed  in  BuUetin  No.  Ill,  March, 
1916,  pp.  549  to  581. 

O.  C.  Ralston,  Salt  Lake  City,  Utah. — I  have  merely  glanced  over 
this  paper,  consequently,  I  am  hardly  in  a  position  to  discuss  it  intelli- 
gently. There  is  one  thing,  however,  that  is  of  interest,  that  is,  the  claim 
that  the  oil  mixture  which  they  have  chosen  is  the  best  adapted  to  the 
work  at  hand.  I  would  like  to  ask  Mr.  Mathewson  if  they  still  feel  that 
that  is  the  case — ^if  that  really  does  give  the  best  grade  of  concentration 
and  the  best  extraction  for  the  same  money,  compared  to  any  particular 
oil  mixture  which  they  could  get. 

E.  P.  Mathewson,  Anaconda,  Mont. — We  are  still  using  that  mix- 
ture, and  we  consider  it  the  most  economical  mixture  used. 

David  Cole,  El  Paso,  Texas. — I  would  like  to  ask  Mr.  Ralston  if 
there  are  some  other  mixtures  that  would  be  better? 

E.  P.  Mathewson. — We  are  open  to  suggestions. 

O.  C.  Ralston. — My  own  paper  on  oils*  calls  attention  to  the  fact 
that  certain  hardwood  oils,  especially  the  tars,  are  now  being  burned  or 
wasted.  A  great  deal  of  hardwood  tar  is  available  as  low  as  4  or  5  c.  per 
gallon,  that  being  its  value  as  fuel  under  the  boilers.  As  a  matter  of  fact, 
a  great  deal  of  testing  has  been  done  with  only  the  commercial  products 
that  are  as  a  usual  rule  sold  on  the  market.  Very  little  hardwood  tar  is 
sold  on  the  market.  In  asking  a  great  many  people  who  have  tested 
flotation  oils,  I  have  not  heard  hardwood  tar  mentioned  very  often.  I 
think  I  would  add  to  that  that  the  hardwood  tars  can  probably  be  bought 
in  quantity  comparable  with  the  sludge  acid  at  Anaconda,  and  should 
contain  a  greater  proportion  of  the  frothing  constituent,  and  at  a  price 
fairly  commensurate  with  what  they. pay  for  the  sludge  acid. 

E.  P.  Mathewson. — I  would  like  to  make  a  correction  in  one  state- 
ment I  made  that  there  has  been  no  change  made  in  the  mixture.  This 
change  has  been  made:  We  found  that  the  amount  of  wood  creosote  in 
treating  the  sand  from  tables  was  extremely  small,  and  we  tried  some 
experiments  on  a  large  scale,  dropping  it  out  and  using  simply  the  sludge 
acid  and  sulphuric  acid.  We  found  that  this  gave  practically  as  good 
results  as  wood  creosote.  We  use  wood  creosote  in  treating  the  slimes. 
We  find  it  necessary  in  that  operation. 

David  Cole. — I  would  like  to  ask,  what  is  sludge  acid? 

*  Some  Miscellaneous  Wood  Oil^  for  Flotation,  BtdUtin  No.  116,  August,  1916. 
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E.  P.  Mathewson. — Sludge  acid  is  refuse  from  the  refining  of  oil. 
It  contains  sulphuric  acid  and  some  greasy  material  from  petroleum. 

David  Cole. — I  l^elieve  that  you  are  making  sulphuric  acid  very 
cheaply  at  Anaconda.  Since  sludge  acid  consists  of  coal  oil  and  sulphuric 
acid,  I  have  wondered  if  you  could  not  compound  it  at  Anaconda  more 
cheaply  than  you  can  buy  it. 

E.  P.  Mathewson. — We  have  made  sludge  acid  at  Anaconda,  but  it 
is  more  expensive  than  that  on  the  market.  We  got  good  results  with 
the  acid  we  manufactured. 

Rudolf  Gahl,  Miami,  Ariz. — Some  of  the  wood  oils  have  the  draw- 
back that  the  concentrates  produced  with  them  have  the  tendency  of 
retaining  some  of  the  gangue  very  firmly  and  it  is  difficult  to  settle  such 
concentrates.  We  have  found  very  few  we  could  use.  We  have  found 
some  pine  oils  of  the  more  refined  character,  but  we  cannot  do  anything 
at  all  with  pine  tar.  Hardwood  tar  may  have  different  qualities,  and  I 
would  like  to  ask  Mr.  Ralston  and  Mr.  Allen  if  they  have  given  some 
attention  to  the  physical  characteristics  of  the  froth  made  by  the  wood 
oils  which  they  have  tested. 

O.  C.  Ralston. — Of  course,  the  tests  reported  in  our  paper  on  wood 
oils  are  laboratory  flotation  tests,  and  give  the  flotative  value  of  the  oil 
and  do  not  discuss  later  mechanical  treatment  of  the  concentrates.  We 
cannot  tell  what  will  happen  later  in  that  part  of  the  mill.  That  is 
another  point.  Sometimes  you  cannot  tell  even  when  you  get  to  the  mill 
what  you  can  do  with  such  a  froth.  I  think  Mr.  Cole's  patent  for 
breaking  froth  is  a  rather  interesting  sidelight  on  that  subject.  To  an- 
swer Dr.  Gahl  directly,  our  suggestions  are  only  based  on  laboratory 
experiments  on  the  flotation  problem  alone. 

Rudolf  Gahl. — Mr.  Ralson  has  done  so  much  work  on  the  theoretical 
end  of  flotation,  he  might  be  able  to  answer  a  question  which  I  have  often 
put  to  myself.  Why  is  it  that  at  Anaconda  they  can  float  chalcocite  ore 
(Is  it  not  chalcocite  ore?)  with  acid  and  when  we  add  acid  here  we  spoil 
our  flotation  altogether? 

O.  C.  Ralston. — Some  day  when  I  understand  what  flotation  is — ^I 
will  answer  that. 

Norman  Carhichael,  Clifton,  Ariz. — One  point  which  has  not  been 
touched  on  in  this  discussion  today.  In  going  through  the  Old  Dominion 
concentrator,  I  noticed  that  they  were  using  what  appeared  to  be  caustic 
soda.  I  think  if  there  is  anyone  here  who  can  give  us  any  explanation 
in  regard  to  the  use  of  the  caustic  soda,  it  would  be  interesting. 

W.  B.  Cramer,  Globe,  Ariz. — The  point  which  Mr.  Carmichael  has 
just  spoken  of,  I  shall  try  to  answer.    I  was  interested  in  what  Mr. 
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Mathewson  said  about  the  use  of  acids  at  Anaconda.  I  believe  the 
analyses  of  the  Anaconda  and  Old  Dominion  slimes  would  be  much  the 
same.  We  find,  as  Dn  Gahl  finds,  that  the  moment  we  use  acid  in  flota- 
tion, our  flotation  suffers  considerably.  In  fact,  it  almost  ceases.  If  we 
use  a  pulp  slightly  alkaline,  the  flotation  work  is  satisfactory.  Caustic 
soda  is  expensive,  and  we  are  using  about  1  lb.  to  a  ton.  A  distinct 
advantage  that  caustic  soda  has  at  Old  Dominion,  at  present  we  are 
running  on  high  flotation  feed,  averaging  3  per  cent.,  is  in  the  matter  of 
settling.  We  are  installing  a  new  Dorr  thickener,  and  our  capacity  so  far 
as  thickening  concentrates  are  concerned  is  very  limited.  Soda  has  the 
effect  of  flattening  out  the  froth  considerably,  allowing  us  to  cut  down  the 
water  in  the  launders  at  machine  less  than  half,  which  allows  us  to  handle 
the  concentrates  in  the  Dorr  thickener  very  well.  Without  the  use  of 
caustic  soda,  we  may  lose  4  or  5  tons  of  concentrates  a  day.  It  goes  over 
and  is  recovered  later  in  the  secondary  tanks.  Why  the  soda  should  have 
this  effect  at  the  Old  Dominion  and  tiie  opposite  at  other  places  is  hard  to 
explain.  We  cannot  use  acid.  We  get  better  results  with  the  caustic 
soda.  In  other  places  the  opposite  is  found.  Ap  Nacozari  a  few  years 
ago  we  were  not  able  to  get  a  satisfactory  froth  without  acid.  If  we  put 
acid  in  small  amounts,  the  pulp  still  being  non-acid,  the  froth  was  light 
in  character;  but  increasing  the  amount  of  sulphuric  acid  until  pulp  was 
acid  to  methyl  orange,  a  splendid  froth  was  obtained. 

C.  W.  Merrill,  San  Francisco,  Cal. — ^But  the  use  of  caustic  soda  is 
solely  for  the  purpose  of  decreasing  the  amount  of  water  from  the  over- 
flow? 

W.  B.  Cramer. — Caustic  soda  does  increase  our  extraction.  So, 
in  a  matter  of  dollars  and  cents,  it  pa3rs  us  to  use  caustic  soda,  but 
it  brings  the  cost  per  ton  for  treatment  up  about  5  c.  per  ton.  It  does 
increase  our  extraction,  increases  the  copper  content  of  the  froth  and  low- 
ers the  insoluble  content. 

C.  W.  Merrill. — I  understand  that  the  purpose  is  threefold;  to  cut 
down  the  water,  increase  the  extraction,  and  clean  the  concentrates. 

R.  S.  Handt,  Kellogg,  Idaho. — I  would  like  to  suggest  that  in  the 
treatment  of  refining  petroleum,  acid  is  used,  which  before  the  treat- 
ment is  finished  is  neutralized  by  caustic  soda,  so  that  the  residue  is 
sludge  acid.  If  I  am  not  mistaken,  it  contains  a  considerable  quantity 
of  caustic  soda.  That  has  been  my  experience  in  California.  I  would 
like  to  know  if  that  is  true. 

O.  C.  Ralston. — The  acid  sludge  from  petroleum  refining  is  usually 
a  product  obtained  by  the  addition  of  strong  sulphuric  acid  to  the  par- 
tially refined  petroleum  products  in  order  to  remove  certain  impuritieSi 
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and  is  usuaUy  removed  before  sodium  hydrate  is  added  to  the  remaining 
oil  to  neutralize  the  small  amoimts  of  sulphuric  acid  held  by  the  oil. 
Hence  it  consists  of  strong  sulphuric  acid  combined  with  some  of  the 
dark  tarry  constituents  of  the  oil.  Good  flotation  acid  sludge  comes  from 
the  California  oil  fields  and  titrates  about  50  per  cent.  H2S0i.  The 
other  constituents  are  apparently  the  sulphonated  asphaltic  compounds 
contained  in  the  oil.  On  that  account  sludge  acid  does  not  contain 
sodium  hydroxide.  Turning  to  the  question  of  the  use  of  sodium  hydrox- 
ide in  the  flotation  pulp  and  the  reason  for  the  good  results  obtained,  I 
think  that  an  explanation  is  easy.  This  substance,  as  well  as  other  sub- 
stances of  alkaline  reaction,  like  sodium  silicate  and  sodium  cyanide,  is 
used  in  a  number  of  mills  which  have  a  great  amount  of  day  and  other 
finely  divided  material  in  the  ore  pulp  treated.  Such  an  ore  pulp  is 
usually  partially  flocculated  and  sodium  hydrate  is  known  to  be  a  power- 
ful reagent  for  deflocculating  certain  gangue  slimes.  That  is,  its  hydroxyl 
ions  are  adsorbed  into  the  film  of  water  in  contact  with  the  surfaces  of 
individual  particles,  in  greater  proportion  than  are  the  sodium  ions. 
This  amounts  to  giving  these  particles  a  stronger  electric  charge  of  the 
negative  sign  and  they  fly  apart  (are  deflocculated).  In  case  any  sul- 
phide particles  had  been  entrained  in  the  floes  of  gangue,  this  defloccula- 
tion  liberates  these  sulphide  particles  for  flotation.  This  explains  the 
statements  by  Mr.  Cramer  that  he  gets  better  extraction  and  higher 
grade  of  froth  by  the  use  of  caustic  alkali  in  the  pulp.  I  am  informed  by 
other  operators  that  it  also  reduces  their  consmnption  of  flotation  oil  as 
much  as  50  per  cent,  in  some  cases.  This  seems  reasonable,  as  the  sul- 
phide particles  are  all  liberated  and  ready  to  be  oiled  so  that  oil  will  not 
have  to  penetrate  to  the  center  of  a  floe  to  oil  the  entrained  particles  of 
sulphides.  Further,  the  great  number  of  oils  used  are  more  easily  emulsi- 
fied in  alkaline  solutions.  In  the  cases  where  the  use  of  sodiimi  cyanide 
has  proven  beneficial  I  am  not  sure  that  the  alkaline  reaction  of  the 
reagent  is  the  sole  contribution  of  this  reagent  to  improvement  of  the 
flotation,  but  the  case  is  interesting  because  Charles  Butters  and  associ- 
ates claim  that  it  is  an  impossibility  to  float  in  the  presence  of  cyanide. 
In  at  least  two  instances  coming  under  my  observation,  the  flotation  of 
the  sulphide  minerals  was  improved  by  the  addition  of  cyanide.  It  is 
just  another  instance  of  being  told  that  certain  things  cannot  be  done  in 
flotation,  only  to  discover  later  that  with  proper  care  and  right  conditions 
they  can  be  done.  Don't  believe  any  one  who  teUs  you  that  you  can't 
float  under  some  particular  conditions.  He  may  be  partially  right  but 
the  statement  of  negative  results  should  always  receive  the  qualifjong 
phrase,  "as  far  as  I  know,  and  to  the  best  of  my  experience."  For 
instance.  Dr.  Gahl  claims  that  acid  spoils  flotation  at  Inspiration.  I  feel 
confident  that  the  right  conditions  for  an  acid  flotation  of  that  ore  could 
befouAd^.  ....... 
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David  Colb. — ^When  we  were  at  Chino  a  few  days  ago,  we  saw  flota- 
tion machines  handling  vanner  concentrates  in  which  they  were  using 
alkali  and  rosin  as  the  flotation  agent.  Mr.  Ralston  looked  at  this,  and 
I  would  like  to  have  him  tell  us  what  we  saw. 

O.  C.  Ralston. — That  solution  is  a  solution  of  sodium  resinate,  the 
idea  of  the  alkali  being  to  get  the  rosin  into  solution.  The  rosin  has  a 
very  good  effect  on  the  froth,  giving  a  particularly  stable  froth.  They 
were  working  luider  conditions  where  the  oil  froth  wanted  to  die,  and  the 
addition  of  the  rosin  was  the  proper  thing  to  bring  up  its  strength  and 
allow  it  to  rise  until  it  got  over  the  discharge  board.  I  think  there  was 
no  intended  significance  in  the  additional  alkalinity.  In  that  case  the 
alkali  was  added  for  a  particular  purpose,  simply  as  a  solvent  for  the  rosin. 

The  Chairman. — I  understand  that  Mr.  Ralston  wishes  to  get  some 
questions  answered  by  the  members  of  the  Institute,  and  I  will  ask  him 
to  kindly  present  those  questions. 

O.  C.  Ralston. — ^A  great  many  of  the  questions  I  am  interested  in 
have  been  asked  and  answered  this  afternoon,  so  that  you  will  all  wel- 
come the  fact  that  the  list  can  be  cut  down.  This  list  was  presented  by 
D.  A.  Lyon,  who  sent  them  out  in  a  circular  letter  all  over  the  country. 
So  far  I  have  not  heard  of  anyone  who  has  prepared  a  list  of  answers 
for  publication.  I  don't  see  why  people  need  to  be  afraid  to  answer 
them.  The  other  day  somebody  said,  "it  is  safe  to  talk  about  theories 
of  flotation,  because  none  of  us  know  anything  about  them."  I  will 
only  pick  out  a  few  questions.  The  first  one  is  this:  What  is  the  effect 
of  dilution  of  pulp  with  water  on  the  flotation  of  the  minerals  contained? 
The  reason  for  asking  that  question  is,  of  course,  obvious.  There  are 
enough  large^cale  operators  who  must  have  tested  this  question  out. 
So,  it  will  be  interesting  to  get  the  consensus  of  opinion.  I  think  that 
Dr.  Gahl  might  help  us. 

Rudolf  Gahl. — Well,  I  would  say  offhand  that  the  effect  of  dilution 
is  to  make  a  cleaner  concentrate,  and  to  make  it  more  difficult  to  produce 
concentrate.  I  think  it  takes  more  oil  to  produce  the  same  amount  of 
concentrate  from  a  dilute  pulp  than  it  takes  to  produce  it  from  a  thicker 
pulp. 

0.  C.  Ralston. — Might  I  supplement  by  asking  you  what  determines 
the  amount  of  oil  necessary  for  flotation?  Is  it  the  amount  of  water 
you  are  using,  making  a  certain  strength  of  solution  of  frother  in  water, 
or  is  it  the  amount  of  mineral  in  the  ore?  If  you  had  an  ore  consisting 
of  50  per  cent,  mineral,  would  you  use  more  oil  than  if  it  contained  5  per 
cent.?    What  amount  of  oil  must  be  used  in  flotation? 

Rudolf  Gahl. — What  amount  of  oil  must  be  used  in  flotation?  I 
do  not  feel  qualified  to  answer  Mr.  Ralston. 
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0.  C.  Ralston. — The  Butte  and  Superior  ore,  containing  30  per  cent. 
of  mineral,  as  compared  with  the  Inspiration  ore  with  5  per  cent,  or  10  per 
cent,  of  mineral,  nevertheless  uses  less  oil,  if  anything.  So,  the  proposi* 
tion  would  be  that  the  amount  of  mineral  in  the  ore  is  not  determinative  of 
the  amount  of  oil  necessary.  It  must  be  the  amount  of  water  in  the  pulp 
which  is  determinative  of  the  amount  of  oil  necessary. 

David  Cole. — I  think  the  kind  of  oil  has  a  lot  to  do  with  the  amount 
used. 

O.  C.  Ralston. — That  is  a  question  not  of  theory  but  of  experience. 
For  instance,  the  amoimt  of  pine  oils  being  used  in  the  Coeur  d'Alene 
district  is  often  less  than  3^  lb.  oil  to  the  ton  of  ore,  while  at  Anaconda 
they  use  several  pounds  of  oil  per  ton.  At  Anaconda  they  use  a  consider- 
ably less  expensive  oil. 

A.  P.  Watt,  St.  Francois,  Mo. — Mr.  Ralston  has  asked  the  question 
whether  the  amount  of  oU  used  in  flotation  is  proportional  to  the  water 
or  to  the  solids  in  the  feed  to  a  flotation  machme.  My  experience  with 
the  flotation  of  lead  ores  may  be  of  interest.  In  one  particular  case  a 
flotation  machine  was  receiving  a  feed  with  a  ratio  of  solids  to  liquid 
of  1  to  7.  This  ratio  was  later  changed  to  1  to  3.5  and  the  amount  of 
oil  used  was  decreased  approximately  50  per  cent.  This  particular  case 
would  seem  to  indicate  that  the  amount  of  oil  used  in  flotation  is  pro- 
portional to  the  water  rather  than  to  the  solids  in  the  feed.  I  also 
found  that  the  extraction  was  increased  by  the  use  of  a  thicker  pulp. 
This  result  would  be  expected  as  the  volume  of  pulp  passing  through 
the  machine  was  decreased,  thus  permitting  it  to  be  acted  upon  for  a 
longer  time  than  would  be  the  case  with  a  thinner  feed. 

David  Cole. — Speaking  of  the  small  amounts  of  oil — we  carried  out 
some  experiments  the  other  day  at  El  Paso,  and  on  a  density  of  7  to  1, 
approximately,  on  an  ore  that  carried  6  per  cent,  lead,  9  per  cent,  sine,  and 
1.3  per  cent,  copper,  with  the  use  of  ^o  1^*  of  cresylic  acid  per  ton,  we 
were  able  to  take  out  a  large  part  of  the  lead.  Then,  by  the  addition  of 
^0  lb.  of  No.  350  pine  oil  per  ton,  we  were  able  to  take  out  nearly  aU  of 
the  zinc.    The  products  made  assayed  as  per  the  accompanying  table. 


Per  Cent. 

of 
Weight 

Ouneee 
Au 

Ouneee 
Ac 

1              1              < 
Per  Cent.  Per  Cent.  Per  Cent.  Per  Gwt. 

Pb      1      Cu            Fe      1      Zn 

Lead  concts 

12.86 
25.08 
59.S8 

0.110 
0.025 
0.005 

12.85 
2.67 
0.45 

35.7 
4.4 
0.3 

7.32 

1.30 

tr. 

7.7 
3.0 
3.0 

13.0 

Zinc  conctfi. 

23.6 

Tft»l?fiff . . ,    . 

1.9 

NoTB. — ^This  was  done  with  a  single  operation  without  the  use  of  cleaner  for 
the  concentrates. 


Digitized  by 


Google 


FLOTATION  CONCBNTRATION  AT  ANACONDA,   MONT.  1895 

There  was  very  little  oU  used — a  total  of  }4  lb.  per  ton  of  ore.  If  we 
had  used  a  larger  amount  of  oil,  we  would  not  have  been  able  to  get  that 
separation.  We  put  in  just  enough  cresylic  acid  primarily  to  get  that 
result. 

C.  E.  Mills. — ^I  think  Mr.  Gottsberger  might  contribute  something. 
The  fact  is  that  the  Miami  Ck).  and  the  Inspiration  Ck).  are  treating  simi- 
lar ores,  except  we  have  not  as  much  copper  as  they  have.  We  use  quite 
a  little  more  oil  in  flotation  than  Mr.  Gottsberger  does;  and  I  think,  per- 
haps, they  have  got  more  water  in  the  pulp.  Is  that  about  the  condi- 
tion, Mr.  Gottsberger? 

B.  B.  GoTTSBERQER,  Miami,  Ariz. — I  am  sorry  to  say  I  could  not  give 
the  density  of  the  pulp. 

C.  E.  Mills. — ^We  are  using  1:3. 

B.  B.  GoTTSBERQER. — Our  oil  mixture  is  much  thinner  because  we 
are  using  less  coal  tar.  I  think  we  have  found  that  with  a  thick  mixture 
composed  very  largely  of  coal  tar  it  is  really  necessary  to  add  the  oil  in 
the  grinding  mill.  We  do  find,  however,  that  it  is  not  essential  to  add 
these  oils  in  the  grinding  mill  in  order  to  get  good  flotation  work.  At 
present  the  necessary  mixture  is  obtained  by  adding  the  oil  in  a  bucket 
elevator. 

C.  E.  Mills. — Can  you  give  us  another  question,  Mr.  Ralston? 

O.  C.  Ralston. — I  might  ask  this  question,  which  would  supplement 
Mr.  Handy's  question:  Are  ores  which  contain  very  much  fine  colloidal 
material  harder  to  treat  successfully  than  granular  ores?  As  far  as  I 
^ow,  they  usually  are.  Dr.  Gahl  has  mentioned  something  about  the 
treatment  of  them.  I  would  like  to  pick  on  Dr.  Gahl  again  to  answer 
that. 

Rudolf  Gahl. — I  would  say  that  colloidal  ores  are  harder  to  treat 
than  granular  ores. 

O.  C.  Ralston. — There  is  a  question  in  my  mind.  Is  it  possible 
to  treat  by  any  method  of  flotation  colloidal  material?  Would  it  be 
poBsible  to  deflocculate  that  material  and  separate  the  granular  material? 
In  our  experimental  laboratory  we  did  work  on  material  sent  us  by  Mr. 
Watt  which  approximated  that  condition.  It  was  from  Missouri,  in  the 
disBeminated  lead  section,  where  the  leady  limestone  had  weathered  away, 
leaving  practically  nothing  but  clay.  The  galena  oxidized  to  lead  car- 
bonate, and  Mr.  Allen's  attempts  to  sulphidize  and  float  that  ore  were 
completely  unsuccessful.  It  was  practically  nothing  but  a  clay — 
about  100  per  cent,  colloidal  material.  So,  a  question  arose:  How  much 
colloidal  material  is  allowable  in  an  ore? 
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C.  W.  Mebbill. — ^Do  you  mean  only  colloidal  gangue  or  the  whole 
ore  to  be  of  colloidal  nature? 

O.  C.  Ralston. — This  question  is  very  well  put.  No  one  seems  to 
have  studied  the  question  as  to  whether  only  the  gangue  in  an  ore  is  col- 
loidal. ''Colloids"  are  blamed  for  a  lot  of  trouble  and  it  occurred  to  me 
that  whether  the  flotative  minerals  are  reduced  to  colloidal  size  and  con- 
dition, or  not,  colloidal  gangue  might  cause  trouble. 

W.  B.  Cramer. — Our  experience  at  the  Old  Dominion  on  primary 
slimes  differs  from  that  at  other  plants.  Our  mill  feed  contains  about 
15  per  cent,  minus  200-mesh  material  which  may  properly  be  called  "pri- 
mary slime."  This  slime  was  separated  i^  the  first  compartment  of  our 
fine  jigs,  thickened  in  a  Dorr  thickener  and  treated  separately  from  the 
secondary  mill  slimes  by  flotation.  An  extraction  of  84  per  cent,  was 
obtained  in  the  flotation  treatment  of  this  purely  primary  slime.  Hence 
it  may  be  stated  that  the  primary  slime  at  the  concentrator  of  the  Old 
Dominion  Copper  Mining  and  Smelting  Co.  is  as  readily  adapted  to  flota- 
tion as  the  secondary  slimes. 

C.  W.  Merrill. —  I  can  conceive  of  colloidal  ore  where  the  mineral 
values  were  extremely  finely  divided  that  could  not  be  treated. 

A.  P.  Watt. — Referring  to  the  ore  from  Missouri  of  which  Mr. 
Ralston  has  just  spoken.  I  believe  that  Mr.  Ralston  and  Mr.  Allen 
were  unable  to  make  any  extraction  by  flotation  on  the  sample  of  slime 
I  sent  them.  When,  however,  we  took  a  more  granular  sample  we  were 
able  to  make  some  separation.  We  found  that  a  good  extraction  could 
be  made  on  the  granular  portion  if  the  colloidal  portion  were  first 
eliminated.  The  colloidal  portion  of  the  ore,  however,  appeared  to 
prevent  flotation. 

The  sample  of  slime  submitted  to  Mr.  Ralston  was  extremely  fine. 
Although  it  contained  2  per  cent,  lead  no  signs  of  cerusite  could  be 
detected  when  the  slime  was  treated  on  a  vanning  plaque.  Whether  or 
not  the  cerusite  was  in  a  ''colloidal  condition"  1  do  not  know. 

F.  S.  ScHiMBRKA,  Clifton,  Ariz. — In  connection  with  the  question 
brought  up  a  short  while  ago  as  to  the  different  quantities  needed  of  oil 
to  successfully  fioat,  I  wish  to  ask  one  question.  Has  it  ever  been  noticed 
by  the  flotation  experts  present  today  whether  it  makes  a  difference  as  to 
what  density  the  pulp  is  in  when  the  oil  is  added  in  the  grinder  or  mixing 
machine — ^whether  a  pound  of  oil  goes  farther  at  a  high  density? 
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A  New  Flotation  Oil  and  A  New  Source  of  Flotative  Agents 

DiscuBdon  of  the  papers  of  Maxwbll  Adams  and  G.  H.  Clevbngsr  presented  at 
the  Aruona  Meeting,  September,  1916,  and  printed  in  Bulletin  No.  117,  Sep- 
tember, 1916,  pp.  16S3  to  1684  and  1685  to  1692. 

OuvER  C.  Ralston,  Salt  Lake  City,  Utah. — We  are  indebted  to  these 
two  gentlemen  for  the  work  which  they  have  done  with  the  oils  derived 
from  sage  brush.  Their  work  should  not  be  confused,  however,  as  the 
work  of  Mr.  Adams  deals  with  steam-distilled  oils  and  that  of  Mr. 
Clevenger  with  destructively  distilled  oil,  largely.  In  other  words,  Mr. 
Adams'  oil  is  probably  the  original  essential  oil  that  existed  in  the  brush 
before  distillation  while  Mr.  Clevenger's  oil  not  only  contained  this  essen- 
tial oil  but  also  some  products  of  destructive  distillation  of  the  wood 
constituents. 

I  had  noticed  the  work  of  Mr.  Adams  on  attempting  to  separate  the 
various  constituents  in  the  oils  of  some  of  the  Western  conifers  and  had 
sent  to  him  to  ask  if  he  could  send  me  small  samples  of  some  of  these 
pure  products.  This  he  very  kindly  did,  and  with  them  included  some 
samples  of  oil  from  the  common  sage  brush,  whose  characteristics  he  has 
here  described,  as  well  as  a  sample  of  oil  from  the  common  "rabbit  brush." 
Only  the  sage  brush  oil  proved  of  much  value  for  flotation,  but  it  was 
very  powerful,  and  I  so  informed  Mr.  Adams^  Even  in  amounts  as  small 
or  smaller  than  Ko  Ih.  per  ton  of  ore,  it  gave  very  quick  and  positive 
flotation  of  many  ores,  with  high-grade  concentrates  and  good  extractions. 
It  proved  to  be  especially  desirable  for  the  flotation  of  carbonates  of  lead 
and  of  copper  which  had  received  an  artificial  coating  of  sulphide  by 
treatment  with  a  solution  of  a  soluble  sulphide. 

I  also  received  a  sample  of  crude  pyroligneous  acid  from  sage  brush 
prepared  by  Dr.  W.  C.  Ebaugh,  of  Salt  Lake  City.  It  did  not  do  very 
good  work  in  flotation,  but  it  is  possible  that  by  concentration  of  this 
product  to  obtain  the  residual  tar  a  good  flotation  oil  might  result.  This 
has  not  been  done  as  yet  and  I  am  sorry  to  see  that  Mr.  Clevenger  has 
not  done  this.  It  might  be  that  the  dissolved  tar,  added  to  the  settled 
tar,  would  make  a  total  yield  of  flotation  oil  higher  than  the  4  per  cent. 
which  Mr.  Clevenger  feels  is  a  safe  estimate.  The  importance  of  this 
point  will  be  seen  in  the  following  discussion  of  the  possible  costs  of  sage 
brush  oils  for  flotation. 

I  have  been  fortunate  in  obtaining  the  approximate  costs  of  collecting 
sage  brush,  as  well  as  the  costs  of  operation  in  the  ordinary  wood-distilla- 
tion plants.  I  was  given  the  former  by  E.  H.  Snyder,  who  with  a  Dumber 
of  associates  cleared  some  land  of  sage  brush  and  made  potash  from  the 
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ashes  of  the  burned  brush.  The  latter  were  given  me  by  R.  C.  Palmer, 
formerly  of  the  Forest  Products  Laboratory  of  the  Department  of 
Agriculture. 

The  clearing  of  land  of  its  sage  brush  is  ordinarily  accomplished  by 
means  of  a  tractor  pulling  a  special  frame  made  up  of  railroad  rails. 
This  breaks  off  the  bushes  so  that  they  can  be  collected  in  hay  ricks  and 
hauled  to  a  central  point.  For  merely  uprooting  the  plants  and  burning 
them  on  the  spot  the  cost  is  about  $4  per  acre,  but  to  recover  them  and 
take  them  to  a  central  point  ready  for  burning  or  distillation,  costs  about 
$6  per  acre. 

Mr.  Snyder  further  informs  me  that  with  the  average  4-ft.  stand  of 
brush  in  southeastern  Nevada  the  yield  per  acre  is  about  7  tons  of  brush. 
I  am  informed  that  there  are  considerable  stretches  of  country  around 
Bear  Lake  in  Idaho  and  Utah  where  the  brush  is  nearly  10  ft.  high. 
Hence  considerably  higher  yields  might  be  possible.  However,  we  can 
take  as  a  safe  figure  $1  per  ton  for  cutting  and  collecting  the  brush  to  a 
central  point. 

The  cost  of  destructive  distillation  of  hard  wood  is  in  the  neighbor- 
hood of  $8  per  cord  (4,000  lb.)  of  wood,  or  about  $4  per  ton — possibly 
$5  per  ton  of  wood.  While  the  sage  brush  might  be  more  bulky  than  the 
wood,  and  hence  cause  higher  costs,  this  factor  can  not  be  estimated  at 
the  present  time  and  it  is  probably  best  to  count  on  a  distillation  cost  of 
$5  per  ton. 

That  would  make  the  total  cost  of  treatment  of  each  ton  of  sage  brush 
about  $6,  and  the  yield,,  according  to  Clevenger,  is  4  per  cent,  or  80  lb.  of 
tar.  This  would  mean  about  10  gal.  produced  at  a  cost  of  $6,  or  S0.60 
per  gallon,  or  7.5  c.  per  pound.  This  is  rather  high  but  is  comparable 
with  the  present  price  of  pine  oil,  of  which  sage  brush  oil  seems  to  be  the 
full  equivalent,  if  not  the  superior.  With  most  ores,  less  than  0.5  lb.  of 
sage  brush  oil  should  be  needed  per  ton  of  ore. 

If  Clevenger's  figure  of  4  per  cent,  yield  of  oil  could  be  raised  to  6  per 
cent,  by  addition  of  the  dissolved  tar  from  the  pyroligneous  acid,  the  cost 
of  the  oil  would  be  about  43  c.  per  gallon.  Further,  if  greater  yields  of 
brush  from  each  acre  were  obtainable,  the  costs  would  be  cut  slightly, 
although  this  point  ia  not  of  so  much  importance,  as  the  principal  costs 
are  due  to  the  distillation.  It  is  also  possible  that  in  some  cases  owners 
of  the  land  would  be  glad  to  pay  $1  to  $2  to  have  their  land  cleared  of 
brush,  where  it  would  usually  cost  them  about  $4.  Only  skillful  manage- 
ment and  the  choice  of  the  proper  regions  for  operations  would  probably 
bring  in  this  latter  source  of  income. 

There  is  one  other  source  of  income  from  the  products  of  the  sage 
plants,  namely,  the  potash.  Mr.  S3mder  informs  me  that  he  found  the 
potash  in  carefully  burned  brush  ashes  to  amount  to  15  to  20  per  cent, 
of  the  total  weight.    Most  of  this  was  soluble  in  water  but  the  ronainder 
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was  ''acid  soluble  KsO/'  The  ash  amounts  to  7  to  10  per  cent,  of  the 
weight  of  the  plants.  Hence  the  EsO  content  of  the  brush  can  be  esti- 
mated as  from  1  to  2  per  cent.,  or  20  to  40  lb.  per  ton  of  brush.  In  nor- 
mal times  potash  is  worth  about  3  c.  per  pound.  This  would  make  the 
value  of  the  potash  in  the  brush  about  $0.60  to  $1.20  for  every  ton. 
The  cost  of  leaching  and  crystallizing  the  potash  from  the  ashes  is 
unknown,  but  might  possibly  be  $3  on  every  ton  of  ash  or  20  to  30  c. 
referred  to  every  ton  of  brush.  It  is  not  impossible  that  the  burning 
of  the  sage  brush  charcoal  under  the  boilers  of  the  distillation  plant, 
followed  by  leaching  of  the  ashes  would  3rield  potash  of  sufficient  value 
to  allow  a  profit,  and  hence  allow  of  production  of  sage  brush  oils  for 
flotation  at  a  lower  net  cost  than  the  above  rather  pessimistic  figure. 
One  difficulty  at  the  potash  end  of  the  work  is  that  it  tends  to  be  carried 
away  in  the  combustion  gases  and  a  Cottrell  precipitator  might  have  to 
be  used  in  order  to  insure  recovery  of  all  the  potash. 

The  above  is  merely  a  suggestion  to  show  what  might  be  expected  if 
one  were  to  attempt  the  commercial  production  of  sage  brush  oil.  Rather 
high  costs  were  assumed,  but  it  is  certain  that  other  sources  of  expense 
than  those  enumerated  will  make  such  a  pessimistic  figure  desirable,  for 
the  sake  of  safety. 

About  10,000  gal.  of  steam-distilled  pine  oil  are  being  used  every  month 
in  the  United  States  for  flotation  purposes  and  more  would  be  used  if  the 
price  were  lower.  The  last  quotation  that  1  heard  for  pine  oil  was  67  c. 
per  gallon,  f.o.b.  New  York.  If  sage  brush  oil  could  be  produced  for 
40  c.  per  gallon  it  is  probable  that  the  market  would  jump  to  at  least 
25,000  gal.,  or  roughly  1,000  gal.  per  day.  With  this  would  be  produced 
3,000  to  4,000  lb.  of  potash,  an  amoimt  which  is  much  less  than  1  per  cent. 
of  the  total  consumption  in  the  United  States.  Hence  the  sale  of  potash 
from  such  a  source,  should  have  no  bad  effect  on  the  market.  On  the 
other  hand,  if  the  oil  could  be  produced  for  25  c.  per  gallon,  there  is  no 
reason  why  its  use  should  not  amount  to  10  times  the  consumption  of 
the  oil  at  a  40-c.  rate. 

It  is  to  be  hoped  that  these  figures  are  attractive  enough  to  cause 
experimentation  on  a  reasonably  large  scale,  to  determine  whether  opera- 
tions can  be  profitable.  Only  by  such  a  method  can  it  be  estimated 
whether  we  have  a  new  source  of  flotative  agents  and  a  new  source  of 
potash. 
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[SUBJBCT  TO  HBVIBIOy] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ihould  ivefw ftbly  be  preMnted  injpenon  st  th« 
New  York  meetinc,  February,  1917,  when  an  abstract  of  the  paper  will  be  read.  If  thic  u  impoaiible, 
then  discunion  in  wrtttng  may  be  sent  to  the  Editor,  Amerioan  Institute  of  Mining  Engineers.  20  West 
89th  Str^i  New  York,  K.  z .,  for  presentation  by  the  Secretary  or  other  representatire  of  its  author. 
Unless  special  arrangement  is  made,  the  disoussion  of  this  paper  will  close  Apr.  1, 1017.  Any  disoussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 
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Available  Foreign  Reserves 1934 

INTRODUCTION 

Nobody  will  dispute  the  fact  that  the  conservation  in  every  legitimate 
manner  of  our  valuable  high-grade  phosphate-rock  deposits  is  a  present- 
day  problem  of  importance. 

The  table  and  curve,  given  herewith,  show  that  during  the  past  10 
years  the  exportation  of  high-grade  rock  has  averaged  very  close  to  half 
the  total  output  of  the  entire  country.  The  bulk  of  this  exportation  is 
from  Florida,  for  obvious  reasons.  It  is  plain  that  the  deposits  in  this  Stat«. 
more  particularly,  are  being  wastef uUy  depleted  under  a  system  of  select- 
ing the  cream  of  the  product  for  exportation  to  Europe,  leaving  the  com- 
paratively low-grade  rock,  running  from  66  to  70  per  cent.,  and  under,  in 
bone  phosphate  of  lime,  for  our  own  fertilizer  manufacturers  to  work  up 
when  all  the  best  rock  is  gone. 

In  this  paper  the  writer  has  endeavored  to  make  a  point  of  describing 
in  some  detail  the  important  methods  of  production  and  conservation  in 
Tennessee.  These  ought  to  prove  of  educational  value  to  our  American 
agriculturists  and  fertilizer  manufacturers,  and  should  result  in  a  demand 
for  the  highest-grade  rock,  both  for  direct  application  to  the  soil  and  for 
use  in  making  acid  phosphate.     It  is  certainly  evident  that  the  European 
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manufacturer  is  alive  to  the  situation  and  is  demanding  the  highest-grade 
rock  from  the  Pacific  Islands  and  Florida.  The  cost  of  transporting  in 
this  country  low-grade  rock  and  the  acid  phosphate  resulting  from  it,  is 
another  factor  which  should  appeal  to  the  self-interest,  if  to  no  higher 
motive,  of  the  American  producer,  and  user  as  well.  This  factor,  as  well 
as  the  important  one  of  keeping  our  high-grade  rock  at  home,  is  the  fun- 
damental reason  for  a  change  in  our  policy  with  reference  to  our  high-grade 
phosphate  rock. 

PRODUCTION  AND  EXPORTATION  OF  PHOSPHATE  ROCK 

Since  the  beginning  of  phosphate-rock  mining  in  the  United  States, 
there  has  been  a  total  output  of  48,457,906  tons,  tnore  than  half  of  which 
has  been  produced  in  the  past  10  years.  During  this  10-year  period 
there  has  been  an  exportation  of  nearly  11,000,000  tons,  or  about  43  per 
cent,  of  the  marketed  production  in  the  same  period.^  The  exported 
material  does  not  represent  average  grades,  but  the  highest-grade  rock, 
running  77  per  cent,  and  more  in  phosphate  of  lime  (bone  phosphate)  and 
3  per  cent,  and  less  in  iron  and  alumina. 


Production  and  Exports  of  Phosphate  Rock  mth  Ratio  between  Them, 

1905-1914 


Year 

Produotion,  Long  Tons 

Exports,  Long  Tons 

1905 

1,947,190 

934,940 

48.0 

1906 

2,080,957 

904,214 

43.4 

1907 

2,265,343 

1,018,212 

45.0 

1908 

2,386,138 

1,188,411 

49.8 

1909 

2,338,264 

1,020,556 

43.6 

1910 

2,654,988 

1,083,037 

40.8 

1911 

3,053,279 

1,246,577 

40.8 

1912 

2,973,332 

1,206,520 

40.6 

1913 

3,111,221 

1,366,508 

44.0 

1914 

2,734,043 

964,114 

35.0 

Total 

25,544,755 

10,933,089 

43.0 

METHODS  OF  CONSERVATION 
Intboductory  Note 

Thebb  appear  to  be  many  differences  of  opinion  among  soil  chemists 
and   agriculturists  as  to  the  form  in  which  phosphorus  shall  be  appUed 

1  Figures  for  1915  are  not  included  in  these  computations,  for  the  reason  that  the 
;;>{io8pliate-ro€k  industry  was  in  an  abnormal  condition  during  that  year  and  also  dur- 
xiK  tiie  latter  part  of  1914.  The  production  of  phosphate  rock  during  1915  was 
[,S33, 667  long  tons,  and  the  exports  253,549  tons,  or  13.8  per  cent,  of  the  production. 


Digitized  by 


Goo^^ 


1904     THE   CONSERVATION  OF  PHOSPHATE  BOCK  IN  THE  UNITED   STATES 


to  the  soil.    One  group  argues  for  the  use  of  superphosphate,  especially 
where  quick  returns  are  desired,  and  another  for  the  use  of  ground  rock  or 


Fig.  1. — Map  Showing  tbb  Location  of  thb  Phosphatb-Rock  Deposttb  or  the 

Unitbd  Status. 
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Fig.  2. — Curve  Showing  Pboduction  and  Exports  of  Phosphate  Rock, 
1905-1914.  Figures  on  Export  Guryb  Indicate  Pbrcbntaob  of  PRODUcnoK 
Leaving  the  Country. 

"floats,"  especially  where  permanent  results  are  the  object.  Without 
considering  the  merits  of  either  side  of  this  question,  it  is  certain  that  the 
conservation  of  our  phosphate  resources  must  be  of  interest  to  both. 
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The  conservation  of  phosphate  rock  will  be  considered  in  the  following 
pages,  under  the  heads  of  fl)  mechanical,  and  (2)  chemical  methods  of 
conservation,  and  (3)  the  use  of  substitutes,  either  natural  or  manufac- 
tured, as  a  source  of  phosphate  of  lime  or  phosphorus. 
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Fig.  8. — ^Diagram  Showing  Marxsted  Production  ov  Phobphatb  Rock  in 
South  Carolina,Florida  and  Tennxssbb  in  Long  Tons  for  Years  Indicated  at 
Top  and  Bottom. 

Mechanical  Methods  of  Conservation 

It  is  well  known  that  in  the  early  days  of  phosphate  mining  in  the 
more  important  phosphate  fields  of  the  United  States,  there  was  a  large 
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waste  of  good  material.  In  many  places  this  waste  is  still  going  on. 
In  certain  places  the  material  once  thrown  aside  is  in  such  condition  that 
it  may  be  reworked  and  is  actually  being  reworked.  In  other  places,  it 
is  lost  beyond  all  hope  of  recovery  in  so  far  as  can  be  told  at  the  present 
time.  The  devising  of  methods  to  prevent  or  reduce  such  losses  and  yet 
maintain  the  grades  set  by  commercial  standards  is  one  of  the  problems 
that  has  faced  and  is  now  facing  the  phosphate-rock  miner;  and  in  the 
following  pages  will  be  given  descriptions  of  the  methods  by  which  the 
problem  is  being  met  ill  Tennessee,  which  may  serve  as  a  type  of  what  is 
going  on  in  the  other  important  phosphate-producing  States. 

In  speaking  of  the  early  wasteful  methods  employed  in  Tennessee, 
W.  H.  Waggaman  of  the  Bureau  of  Soils*  says:  "For  years  the  richest  of 
brown  rock  in  the  Mount  Pleasant  region  was  worked  by  hand,  and  only 
when  these  deposits  were  considered  to  be  nearly  exhausted  did  the  opera- 
tors seem  to  realize  the  crudity,  wastefulness,  and  inef&ciency  of  the 
methods  they  were  using.  Even  now  a  few  small  firms  and  farmers  are 
emplo3dng  the  pioneer  method  of  shaking  out  all  rock  not  held  by  the  tines 
of  a  potato  fork  and  drying  the  larger  pieces  in  the  sun  or  on  ricks  of 
wood." 

The  same  writer,  in  speaking  of  the  waste  connected  with  the  mining 
of  hard  rock  in  the  Florida  phosphate  field,*  says:  "In  order  to  meet  the 
present  demand  for  a  high-grade  product,  a  vast  amount  of  phosphatic 
material  is  thrown  aside.  The  marketed  product  is  probably  not  more 
than  15  per  cent,  of  the  total  material  mined.  The  remainder,  consisting 
of  sand,  clay,  and  the  phosphates  of  Ume,  iron,  and  aluminum,  is  washed 
out  upon  a  waste  pile.  This  discarded  material  varies  in  its  content  of 
phosphoric  acid,  but  seldom  if  ever  contains  less  than  10  per  cent.  The 
actual  amount  of  phosphoric  acid  discarded,  therefore,  is  almost  twice  as 
great  as  the  quantity  saved.  This  enormous  amount  of  low-grade  phos- 
phate will  no  doubt  eventually  be  used." 

In  speaking  of  the  waste  connected  with  the  mining  of  pebble  phos- 
phate in  Florida,  the  same  writer  makes  the  following  observations:* 

"The  percentage  of  phosphoric  acid  washed  away  in  preparing  pebble 
phosphate  for  the  market  is  fully  as  great  as  that  wasted  in  mining  hard- 
rock  phosphate.  In  the  vicinity  of  the  large  phosphate  washers  many 
acres  are  covered  to  a  considerable  depth  with  this  detritus.  The  author 
made  no  determination  of  the  exact  composition  of  this  finely  divided 
material,  but  it  resembles  the  wash  from  the  hard-rock  mines.  .  .  .  An 
analysis,  however,  was  made  of  the  material  having  a  diameter  greater 
than  2}i  in.  discarded  before  the  material  containing  the  phosphate  goes 
through  the  washing  process.    The  composition  of  a  sample  thrown 

«  U,  S.  Bureau  of  SoiU,  Bulletin  No.  81,  p.  9  (1912). 
»  C7.  S,  Bureau  of  Sails,  BuUetin,  No.  76,  p.  14  (1911). 
*JLoc.  cU.,  pp.  21-22. 
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from  the  picking  table  at  one  of  the  plants  was  also  determined."    These 
two  analyses  are  given  in  Table  1. 

Table   1. — Chemical  Analyses  of  Discarded  Material   Connected  with 
Preparation  of  Florida  Pebble  Phosphate 


AnalyoB 

Description 

SiOt. 
Per  Cent. 

Per  Cent. 

FetOi. 
Per  Cent. 

PtOi, 
Per  Cent. 

Caa(P04)a, 
Per  Cent. 

Clay  balls,  2^  in-  in  diameter, 
containing  phosphate  peb- 
bles from  discard 

^.10 
50.58 

6.24 

1.78 

17.60 
7.20 

38.54 

Material  from  picking  table. . 

5.18 

12.96 

17.68 

In  the  Mount  Pleasant  phosphate  field  at  the  present  time,  and  prob- 
ably in  other  parts  of  the  Tennessee  brown-rock  phosphate  areas,  changes 
are  being  made  that  will  result  in  leaving  little  or  no  wasted  phosphate 
rock  in  the  ground.  Some  phosphate  is  going  into  the  waste  ponds,  but, 
without  doubt,  the  time  will  come  when  all  this  material  will  be  reworked, 
and  even  now  some  companies  are  working  or  are  planning  to  work  these 
old  tailings.  The  modern  mining  and  milling  methods  of  the  last  decade 
are  revolutionizing  the  industry  and  incidentally  conserving  this  valuable 
fertilizer  material.  They  are  in  striking  contrast  with  the  crude  and 
wasteful  methods  formerly  employed  in  the  brown-rock  field.  Though 
the  large  operators  are  using  up-to-date  methods,  even  now  some  of  the 
small  operators  are  employing  the  old-fashioned  hand  methods  which  in 
the  past  resulted  in  the  loss  of  much  valuable  rock. 

The  object,  of  course,  in  preparing  phosphate  rock  for  market  is  to 
remove  as  much  of  the  clay,  chert,  and  limestone  as  possible  from  it. 
Theoretically,  it  is  possible  to  remove  all  these  impurities,  but  this  is  not 
practicable,  especially  in  the  case  of  the  clay.  There  is  no  sharp  division 
between  the  finest  phosphate  sand  and  the  clay,  and  it  would  obviously 
be  wasteful  to  carry  the  process  of  obtaining  the  fine  sand  up  to  or  beyond 
the  point  where  the  cost  would  offset  the  value  of  phosphate  obtained. 
This  is  one  of  the  practical  considerations  connected  with  the  modern 
conservation  of  phosphate  rock  which  perhaps  has  not  always  been  given 
just  and  deserved  consideration. 

The  point  beyond  which  it  is  not  practicable  to  carry  the  preparatory 
treatment  is  not  fixed,  and  standards  vary  from  time  to  time,  and  proba- 
bly at  a  given  time,  among  individuals  and  corporations.  Thus,  in  the 
pbosphate-mining  industry  as  practiced  in  Tennessee  in  the  early  90's, 
rock  was  discarded  which  has  a  high  value  today,  and  the  former  apparent 
lapses  from  the  highest  standards  have  in  the  course  of  time  proven  to  be 
not  lapses  at  all,  but  simply  conditions  imposed  by  the  trade  and  the 
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times.  In  other  words,  the  phosphate  once  discarded  is  now  being  util- 
ized. The  open-cut  or  surface  method  of  mining  brown  rock,  as  practiced 
in  the  Tennessee  field,  with  which  the  writer  is  more  especially  familiar,  is 
peculiar  in  this  respect,  and  the  generalizations  made  do  not  cover  any 
other  classes  of  mining,  and  certainly  will  not  apply  to  underground 
mining  in  general. 

Grades  of  Brown  Phosphate  Rock 

Most  of  the  rock  from  the  Mount  Pleasant  field  is  shipped  in  three 
grades,  namely,  those  containing  72,  75,  and  78  per  cent,  of  calcium  phos- 
phate. Five  per  cent,  of  iron  oxide  and  alumina  is  the  maximum  allowed, 
and  this  is  usually  referred  to  as  "  I  and  A"  in  the  trade  and  in  commercial 
anal3rses.  At  one  time  only  78  per  cent,  rock  was  shipped  from  the  Mount 
Pleasant  field,  and  rock  of  this  grade  is  still  known  as  export  rock.  The 
guaranteed  content  in  phosphate  of  lime,  ''bone  phosphate,"  or  BPL,  as 
it  is  commonly  referred  to  in  the  trade,  next  fell  to  75  per  cent.,  and  at  the 
present  time  many  of  the  companies  are  finding  it  difficult  to  ship  this 
grade  exclusively,  and  the  life  of  the  75  per  cent,  rock  is  limited.  Every 
per  cent,  of  iron  oxide  and  alumina  less  than  the  5  per  cent,  limit  is  regarded 
as  equivalent  to  an  additional  2  per  cent,  of  calcium  phosphate,  for  it 
is  considered  that  in  the  subsequent  treatment  of  the  phosphate  in  the 
manufacture  of  fertilizers  the  harmful  effect  of  1  per  cent,  of  iron  oxide 
and  alumina  offsets  the  good  effect  of  2  per  cent,  of  calcium  phosphate. 
If  there  is  more  than  5  per  cent,  of  iron  oxide  and  alumina,  the  superphos- 
phate becomes  gummy  and  farmers  find  it  difficult  to  drill  it  into  the 
land. 

Preparation  of  Phosphate  Rock  for  Market,  with  Phases  of  Conservation 

Involved 

There  are  many  stages  to  be  considered  under  the  heading  of  prepara* 
tion  of  phosphate  rock  for  market,  but  they  may  all  be  subdivided  into 
three  major  operations  as  follows:  (1)  Removal  of  overburden,  (2) 
mining,  and  (3)  milling,  in  which  is  included  drying.  The  present  methods 
of  utilizing  and  thus  protecting  from  loss,  or  conserving,  the  brown 
phosphate-rock  supplies,  especially  in  the  Mount  Pleasant  field,  naturally 
are  included  under  the  above  headings,  and,  therefore,  will  be  described 
in  connection  with  them  so  far  as  this  can  be  done. 

Removal  of  Overburden 

The  overburden  of  the  brown  rock  in  the  Mount  Pleasant  field  varies 
from  1  ft.  up.  Usually  it  is  less  than  20  ft.,  but  a  thickness  of  30  ft.  is 
known,  although  that  is  excessive  in  places  where  mining  is  now  in  prog- 
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ress.  The  methods  of  removal  of  overburden  are  diverse.  Under  ex- 
ceptional conditions,  the  old-time  crude  and  expensive  hand  methods  have 
to  be  resorted  to,  but  in  most  places,  and  especially  where  virgin  ground 
is  being  opened,  operations  are  conducted  in  the  most  up-to-date  fashion. 
Where  the  overburden  is  not  very  thick  or  hard,  it  may  simply  be  plowed 
up  and  removed  with  scrapers,  or  it  may  be  loosened  with  dynamite  and 
then  removed  with  scrapers.  A  favorite  method  of  getting  rid  of  the 
overburden,  used  especially  in  ground  that  is  being  reworked,  is  to  first 
"hog"  or  undercut  it,  pry  it  oflf  with  bars,  and  then  scrape  or  carry  it 
away. 

The  drag-line  excavator  and  the  steam  shovel  are  types  of  up-to-date 
machinery  used  in  removing  overburden  in  this  field.  The  hydraulic 
method  is  also  used.  Both  the  overburden  and  the  rock  itself  are  re- 
moved by  this  last-named  method,  which  is  simplicity  itself  in  action  and 
which  requires  a  minimum  of  labor  in  operation,  usually  one  man  to 
handle  the  hydraulic  gun  and  two  to  keep  the  sluices  clear.  As  prac- 
ticed at  the  plant  of  the  Blue  Grass  Phosphate  Co.,  in  the  southern  part 
of  the  Mount  Pleasant  field,  the  rock  is  mined  out  in  small  areas  and  the 
overburden  from  one  area  is  washed  into  the  mined-out  cavity  next  to  it. 
The  resultant  topography  is  level.  The  land  is  thus  conserved  for  farm- 
ing purposes  for  future  generations  and,  indeed,  greatly  improved,  for 
the  phosphate  sand  and  rock,  formerly  below  the  subsoil,  is  thoroughly 
incorporated  in  the  soil  and  the  fertilizing  value  of  the  phosphate  thus 
rendered  available  in  time. 

Methods  of  Mining 

Much  of  the  mining  in  the  Mount  Pleasant  field  has  to  be  done  by 
hand  on  account  of  the  method  of  occurrence  of  the  brown  rock.  The 
steam  shovel  has  not  proved  successful  because  it  cannot  discriminate  as 
to  grade  of  rock  mined,  with  the  result  that  much  clay  and  flint  get  into 
the  product,  and  have  to  be  subsequently  removed.  The  cantilever  ad- 
junct to  mining,  which  is  employed  at  the  plant  of  the  Hoover  and  Mason 
Phosphate  Co.,  is  unique,  there  being  only  one  in  this  field.  The  hy- 
draulic method  of  mining  is  used  at  two  plants  and  has  many  advantages, 
as  pointed  out  under  the  preceding  topic.  These  mechanical  methods 
of  mining  and  removing  overburden,  which  have  cheapened  operating 
costs,  have  played  the  major  part  in  conserving  Tennessee  brown  rock. 

Reworking  Deposits. — The  brown  phosphate  rock  occurs  in  blanket 
form.  From  the  base  of  this  blanket,  so-called  deep  "cutters"  project 
like  a  network  of  roots,  into  the  underlying  limestone,  the  irregular  pro- 
jections of  the  latter,  upward  and  into  the  phosphate  rock,  being  known 
as  "horses."  In  the  early  days  of  mining,  all  the  phosphate  rock  occur- 
ring between  the  limestone  "horses"  was  left,  owing  to  the  diificulty  in 
mining  it.     Moreover,  nearly  everything  that  went  through  the  tines  of 
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a  phosphate  fork  or  a  2-in.  screen  was  discarded.  The  latter  material, 
for  this  reason,  has  come  to  be  known  as  "screenings"  or  "throwbacks/' 
and  at  certain  plants  this  is  now  being  worked.  The  screenings  or  throw- 
backs  can  be  easily  distinguished  from  the  normally  t)ccurring  plate  or 
lump  rock  by  its  mixed-up  or  heterogeneous  appearance,  the  lump  rock 
being  scattered  irregularly  throughout  the  mass.  From  the  fact  that  the 
throwbacks  represent  material  that  has  been  worked  over  and  from  which 
the  larger  lump  rock  has  been  removed,  it  follows  that  the  proportion 
of  muck,  sand,  and  clay  is  larger  than  in  unworked  territory. 

On  the  Ruhm  Phosphate  Co.'s  property,  in  the  northeastern  part  of 
the  Mount  Pleasant  field,  the  worked-over  phosphate  deposits  are  located 
on  one  of  the  terraces  that  surround  the  town.'  This  location  at  the  top 
of  a  hill  is  such  that  the  ore  can  be  handled  easily  by  gravity,  and  the 
hydrauUc  method  of  mining  is  therefore  employed.  The  rock  appears 
practically  at  the  surface  in  quantity,  and  in  addition  to  the  muck  left 
from  early  operations  it  contains  much  small  lump  rock,  discarded  in  the 
days  of  early  mining.  The  limestone  horses  often  get  in  the  way  and  have 
to  be  blasted  out,  but  this  is  not  difficult,  owing  to  the  loose  or  platy 
character  of  the  phosphatic  limestone  associated  with  the  brown-rock 
deposits.  In  addition  to  the  hydraulic  method,  which  can  be  employed 
only  in  certain  favorable  locations,  hand  mining  is  also  employed.  Where 
hand  mining  is  practiced,  the  ore  is  usually  screened  on  the  spot  where 
the  miner  is  at  work.  The  fine  material  pa^sses  through  the  screen  and 
is  saved  and  washed;  and  the  coarse  rock  is  hauled  away  and  dried  by 
burning  on  ricks  of  wood  in  the  open,  thus  saving  rehandling  in  the  mill. 
The  lump  rock,  as  mined,  usually  contains  from  20  to  21  per  cent,  of 
moisture,  and  drying  it  in  this  way  reduces  the  moisture  to  1  per  cent,  or 


At  the  Century  plant  of  the  Federal  Chemical  Co.,  on  the  Williams- 
port  Pike,  northwest  of  Columbia,  screenings  are  now  being  worked  on 
an  extensive  scale. 

The  accompanying  analyses  show  the  content  in  phosphoric  acid  and 
phosphate  of  lime,  of  material  left  in  earlier  mining  operations  but  now 
being  worked  at  the  plants  mentioned  above.  It  is  certain  that  these 
analyses  do  not  exactly  represent  the  standard  in  phosphate  content  of  a 
great  deal  of  the  material  which  is  being  reworked  in  this  field.  It  is 
doubtful  whether  any  hand  sample  can  adequately  represent  the  normal 
content  in  calcium  phosphate  of  this  material,  owing  to  the  difficulty  of 
properly  apportioning  the  lump  rock  and  the  muck.  It  is  more  than 
likely,  however,  that  very  low-grade  material  can  and  will  be  profitably 
worked,  provided  some  of  the  cheaper  methods  of  operating  can  be 
brought  to  bear  upon  it.  There  is  also  given  in  Table  2,  an  anal3nsis  of  a 
sample  of  phosphate  muck.     This  material  is  found  in  larger  proportion 

*The  field  observations  were  made  in  the  Fall  of  1914. 

Digitized  by  VjOOQIC 


W.   C.   PHALBN 


1911 


in  the  throwbacks  than  in  the  normally  occurring  rock,  for  the  reason  that 
in  the  original  mining  operations  only  the  lump  rock  was  saved.  The 
writer  has  been  told  that  the  recovery  of  the  phosphate  in  the  muck 
handled  is  about  50  per  cent,  on  the  wet  basis  and  about  40  per  cent,  on 
the  dry,  assuming  that  there  is  from  20  to  21  per  cent,  of  moisture  present. 
Unless  the  muck  runs  well  up  in  calcium  phosphate,  it  hardly  pays  to 
handle  it. 


Tablb  2. — Analyses  of  Brown  and  Muck  Phosphate  from  Reworked 
Deposits,  Maury  Co.y  Tennessee 


(W.  C.  Wheeler,  Analyst) 

Per  Cent. 

Cft.(P04),. 

Per  Cent. 

No.  2 

21.16 
31.88 
20.13      • 
27.31 

46.24 

No.  27 

69.66 

No.  37 

i.  43.98 

No.  38 

'       69.69 

No.  2:  Phosphate  muck  from  2-ft.  layer;  Hoover  &  Mason  Phosphate  Go. 

No.  27:  Throwbacks  or  material  reworked  6  ft.  thick;  Federal  Chemical  Co., 
Century  plant. 

No.  37:  Material  reworked.  Average  thickness,  4  ft.  where  sample  was  collected; 
Ruhm  Phosphate  Mining  Co. 

No.  38:  Material  reworked.  Average  thickness,  4  ft.  where  sample  was  collected; 
Ruhm  Phosphate  Mining  Co. 

Working  ''Cutters,*' — The  phosphate  rock  in  the  "cutters,"  or  deep 
places  between  the  limestone  horses,  was  left  unmined  in  the  early  days 
of  mining,  as  has  been  pointed  out.  The  development 'of  the  cutters, 
which  probably  took  place  along  original  joint  planes,  varies  greatly 
within  the  restricted  Mount  Pleasant  field.  In  some  places,  notably 
south  of  Mount  Pleasant,  on  the  Hoover  and  Mason  property,  they  are  of 
large  size.  Some  were  observed  30  to  35  ft.  wide  and  as  much  as  20  to 
25  ft.  deep,  averaging  probably  18  to  20  ft.  They  vary  greatly  in  length. 
In  these  abnormally  wide  and  deep  cutters,  it  is  not  uncommon  to- have 
smaU  limestone  horses.  A  short  distance  away  from  the  Hoover  and 
JVf  ason  Co.'s  property,  some  of  the  cutters  are  so  narrow  that  the  phos- 
phate rock  in  them  can  be  removed  only  with  difiiculty. 

Hand  methods  of  mining  have  to  be  employed  almost  exclusively  to  re- 
move the  phosphate  rock  from  these  cutters,  owing  to  the  peculiar  method 
of  its  occurrence  (Fig.  4).  Hydraulic  methods  are  also  employed,  as 
is  the  case  in  the  Hickman  County  field  where  the  depth  of  the  cutters  is 
also  great.  Owing  to  the  depth  of  the  cutters  the  work  has  to  be  done  in 
benches  of  convenient  height  for  the  miners.  The  ore  is  picked  out  and 
shoveled  from  bench  to  bench,  and  finally  into  wagons  in  which  it  is  hauled 
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to  the  mills.    Mining  the  deep  cutters  is  usually  carried  on  in  fair  weather, 
or  when  the  roads  are  good.     In  working  over  virgin  ground  at  the  present 


Fig.  4. — Method  or  Removing  Phosphate  Ro<;k  Fbom  a  Deep  "Cuttbe." 
Hoover  and  Mason  Phosphate  Co.,  Mt.  Pleasant,  Tbnn. 


Fig.  5. — Old  Phosphate  Workings  Showing  Phosphatio  Limestone,  at  the 
Plant  op  the  Blub  Grass  Phosphate  Co.,  South  of  Mt.  Pleasant,  Tbnn. 

time,  the  rock  in  the  cutters  is  readily  and  cheaply  obtained  by  the  can- 
tilever method  in  use  at  the  Hoover  and  Mason  pjant. 
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Territory  formerly  worked  over  is  again  being  worked  at  the  Arrow 
Inine  of  the  Charleston,  S.  C,  Mining  and  Manufacturing  Co.  Most 
of  this  work  is  in  rather  shallow  cutters.  The  material  is  picked  out  and 
screened  either  on  the  tines  of  a  phosphate  fork  or  on  a  small  movable 
1-in.  mesh  screen.  The  coarse  rock  is  dried  or  burned  on  ricks  of  wood; 
the  muck  is  washed  at  the  company's  mill.  The  old  cutters  containing 
phosphate  rock  are  located  by  hand  prospecting  with  a  long,  sharp, 
steel  rod.      ' 


FiQ.  6. — Outcropping  Limestonb   Horses  and  Associated   Phosphate   Rock, 
Tennessee-Arkansas  Phosphate  Co.,  Scotts  Mill,  Maury  County,  Tbnn. 


Washing  and  Drying 

The  washing  processes  whereby  the  mined  rock  is  freed  from  clay, 
chert,  and  limestone  are  elaborate,  and  the  mills  in  which  the  work  is 
done  are,  for  the  most  part,  large  and  modern.  These  modern  washing 
plants,  which  have  done  so  much  to  make  the  mining  of  low-grade  rock 
in  this  field  profitable,  and  which,  therefore,  are  playing  such  an  important 
r61e  in  the  conservation  of  phosphate  rock  in  Tennessee,  have  practically 
all  been  installed  during  the  last  decade.  The  principles  of  the  washing 
processes  are  the  same  in  the  different  plants,  but  the  details  of  manipu- 
lation differ.  The  phosphate  rock,  as  mined,  is  brought  lo  the  washer 
either  in  wagons  or  by  tram.  Where  hydraulic  mining  is  practiced,  it 
goes  to  the  plant  through  a  flume.  The  material  mixed  with  water  is 
delivered  into  a  hopper  at  the  top  of  the  mill  and  the  subsequent  opera- 
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tions,  for  the  most  part,  are  conducted  by  gravity.  From  the  hopper  the 
rock  passes  through  a  toothed  revolvmg  crusher  and  then  into  log  washers. 
From  the  washers^  it  passes  to  a  cyUndrical  or  conical  screen  with  circular 
perforations.  The  coarse,  or  lump  rock,  which  fails  to  pass  through  the 
screen,  passes  on  to  a  picking  belt  where  limestone  and  chert  fragments 
and  clay  balls  are  removed.  The  material  then  goes  to  the  wet-storage 
sheds  or  piles  to  be  dried  later.  The  fine  material  may  go  through  a 
settler  or  clarifier  provided  with  riffles,  or  through  several  settling  tanks 
in'  succession,  in  which  the  sand  settles  out.  The  clay  and  sand  not 
caught  in  the  process  go  to  the  waste  ponds.  The  above  descriptions 
briefly  outline  the  fundamentals  of  the  washing  process  as  carried  on  at 
most  of  the  plants,  but,  of  course,  as  has  been  mentioned,  details  are 
widely  divergent. 

The  clay  and  the  phosphate  sand  which  pass  to  the  waste  ponds  are 
of  great  interest  in  the  problem  of  conservation.  When  the  material 
reaches  the  waste  pond,  the  coarse  sand  settles  out  first,  and,  natural!}  i 
nearest  the  end  of  the  waste  pipe  or  flume.  This  material  is  the  highest 
in  calcium  phosphate.  It  is  planned  to  work  material  of  this  character 
at  one  of  the  plants  near  Mount  Pleasant,  and  already  at  another  the  old 
tailing  dumps  are  being  worked.  At  the  latter  plant  much  attention 
has  been  paid  to  the  process  of  separating  the  clay  and  phosphate  sand. 
There  is  a  washer  at  this  particular  plant  which  differs  from  any  other 
in  the  field,  and  is  most  thorough  in  its  action.  The  clay  resulting  from 
the  action  of  this  washer  was  observed  in  the  waste  pond.  It  had  been 
in  suspension  for  a  long  period  of  time,  and  material  taken  and  rubbed 
between  the  fingers  appeared  almost  of  impalpable  fineness.  Some  of 
the  phosphate  sand  from  this  washing  process  is  so  fine  in  texture  that 
it  sifts  through  the  meshes  of  the  sacks  in  which  it  is  shipped. 

The  analyses  of  material  from  ponds  abandoned  years  ago,  but  which 
are  either  being  worked  or  which  it  is  planned  to  work,  are  given  in  Table 
3.  It  has  been  suggested  that  the  material  in  these  waste  ponds  might 
be  used  in  its  present  form  on  Tennessee  farms,  but  this  has  been  found 
impracticable,  as  it  will  not  bear  the  cost  of  transportation.  The  high 
phosphate  content  in  certain  of  the  samples  collected  is  noteworthy. 

Drying  is  accomplished  in  two  very  different  ways,  which  are  repre- 
sentative of  the  old  and  new  methods  employed  in  the  Tennessee  brown- 
phosphate  field.  At  nearly  all  the  large  plants,  modern  rotating  cylin- 
drical driers,  similar  to  rotary  cement  kilns,  are  in  use,  but  the  rock  is  fed 
both  at  the  hot  and  cold  ends.  It  would  seem  that  the  latter  method 
would  be  the  more  efficient.  There  is  generally  some  special  cause  when 
the  old-fashioned  method  of  drying  on  wood  ricks  is  employed,  and  where 
it  IB  in  use  it  usually  saves  extra  handling  or  haulage.  Dr3ring  generaUy 
reduces  the  moisture  present  from  20  to  21  per  cent,  to  1  or  2  per  cent. 
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Table  3. — Analyses  of  Waste  Material  from  Phosphate  Washers  in  the 

Mount  Pleasant,  Tenn,,  Phosphate  Field* 

(W.  C.  Wheeler,  Analyst) 


Per  Cent. 

* 

CatCPOOt. 
Per  Cent. 

No.  13 

31.79 
27.20 
29.91 
20.38 
14.36 
30.63 
20.71 
28.69 
26.50 

69.47 

No.  20 

59.44 

No.  25 

66.34 

No.  32 

44  63 

No.  36 

31.37 

No.  42 

66.92 

No.  47 

45.26 

No.  60 

62.47 

No.  54 

57.90 

No.  13:  Sample  of  material  from  waste  pond;  International  Agricultural  Corpora- 
tion, Frierson  plant. 

No.  20:  Sample  of  material  formerly  discarded  but  now  being  reworked;  Federal 
Chemical  Co.,  Tennessee  plant. 

No.  25:  Sample  of  material  from  waste  pond;  Tenn.  Ark.  Mining  Co.. 

No.  32:  Sample  of  material  from  waste  pond,  near  outlet  of  waste  pipe.  It  is 
planned  to  rework  this;  Federal  Chemical  Co.,  Century  plant. 

No.  36:  Sample  of  material  from  waste  pond;  Ruhm  Phosphate  Mining  Co. 

No.  42:  Sample  of  material  from  waste  pond;  International  Agricultural  Corpora- 
tion, Jackson  plant. 

No.  47:  Sample  of  material  from  waste  pond;  Blue  Grass  Phosphate  Co. 

No.  50:  Sample  of  material  from  waste  pond;  Hoover  and  Mason  Phosphate  Co. 

No.  54:  Sample  of  material  from  waste  pond;  Charleston,  S.  C,  Mining  and  Manu- 
facturing Co. 

Conservation  of  Fines 

In  drying  phosphate  rock,  much  material  in  finely  divided  form  has 
been  lost  by  being  carried  out  through  the  flue,  owing  to  the  powerful 
drafts  employed,  especially  in  the  modern  types  of  driers.  At  many  of 
the  plants,  steps  have  been  taken  to  save  this  material.  This  is  accom- 
plished by  means  of  bends  in  the  flue  or  by  hoods  or  bafiies.  The  follow- 
ing is  an  analysis  of  fine  material  caught  in  the  chimney  at  the  Century 
plant  of  the  Federal  Chemical  Co.  (W.  C.  Wheeler,  Analyst) : 

No.  35 P,Ot,  30.29  per  cent.;  CaiCPOOt,  66.19  per  cent. 

Chemical  Methods  of  Consebving  Phosphate  Rock* 
Their  Application  in  the  West 

There  is  associated  with  all  large  important  phosphate-rock  deposits, 
considerable  rock  which  is  not  up  to  the  present  commercial  requirements 

*  Some  of  this  material  is  now  being  worked  and  some  of  it  will  soon  be  worked. 

•  J.  A.  Barr:  Tennessee  Phosphate  Practice,  Trans,,  vol.  50,  pp.  917-933  (1915). 
W.  H.  Waggaman:  U,  S.  Bureau  of  Soils,  Btdletin  No.  76,  pp.  16  and  16  (1911); 

also  U.  S.  DepartmerU  of  Agriculture,  Bulletin  No.  144,  pp.  25  and  26  (1914). 
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in  content  of  calcium  phosphate.  There  is  also  being  produced,  in  con- 
nection with  the  preparation  of  commercial  phosphate  rock  for  market,  a 
great  deal  of  low-grade  material.  To  bring  these  classes  of  material  up  to 
commercial  grade,  that  is,  to  a  grade  containing  70  per  cent,  or  more  cal- 
cium phosphate,  various  chemical  methods  have  been  used.  The  time 
will  undoubtedly  come  when  these  chemical  methods  will  find  much  more 
extended  application  than  at  present,  and  when  this  time  arrives  it  will 
result  in  conserving  a  great  deal  of  phosphate  rock  now  consigned  to  the 
waste  ponds  and  dumps.  Such  methods  are  of  more  than  ordinary  inter- 
est in  connection  with  the  Western  field,  owing  to  the  long  distance  that 
phosphate  rock  now  has  to  be  transported  before  reaching  a  market. 
The  immense  quantities  of  sulphuric  acid  potentially  available  in  the 
immediate  vicinity  of  the  Western  phosphate  field,  and  which  should 
become  available  in  increasing  quantity  as  time  goes  on,  is  another  impor- 
tant element  in  the  situation.  Indeed,  the  chemical  method  of  con- 
centrating phosphate,  and  thus  enabling  it  to  be  transported  long  dis- 
tances, may  well  be  worked  out  in  connection  with  the  high-grade  rock 
that  this  field  is  able  to  produce,  and  it  may  also  be  the  means  of  con- 
serving the  enormous  amount  of  low-grade  phosphate  rock  in  the  Florida, 
Tennessee,  South  Carolina,  and  other  Eastern  fields. 

Chemistry  of  Process 

Phosphate  rock  is  marketed  now  as  such,  and  in  the  form  of  acid 
phosphate,  including  in  the  latter  term  ordinary  super  and  double-acid 
phosphate,  the  latter  containing  two  to  three  times  as  much  soluble  phos- 
phoric acid  as  ordinary  superphosphate. 

Before  the  discovery  of  the  extensive  high-grade  deposits  of  phosphate 
rock  in  this  country  and  abroad,  the  manufacture  of  the  concentrated 
grades  of  soluble  phosphate  was  in  fairly  common  practice.  The  large 
supplies  of  high-grade  phosphate  rock  have  rendered  this  unnecessary, 
though  in  France,  Germany,  and  possibly  other  European  countries,  and 
in  South  Carolina,  this  practice  is  reported  to  be  still  in  use. 

The  basic  reaction  involved  in  the  preparation  of  soluble  acid  phos- 
phate takes  place  when  ordinary  rock  phosphate  CasCPO^s  is  treated 
with  sulphuric  acid.  In  simple  form,  the  reaction  that  takes  place  may 
be  represented  thus: 

(1)  CasCPOOi  +  3H2SO4  =  2HsP0i  +  3CaS04. 

(2)  4H,P0«  +  Ca,(PO0i  =  SCaH^CPOOi 
Reduced  to  one  equation,  this  is  as  follows: 

CaaCPOOi  +  2H2SO4  =  CaH4(P04)»  +  2CaS04. 

In  the  presence  of  water,  which  has  been  omitted  from  the  above  equa- 
tions in  order  to  simplify  them,  the  calcium  sulphate  would  be  changed 
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into  gypsum  by  abstracting  water  from  the  mass.    The  last  reaction  is 
the  one  desired  by  the  manufacturers. 

To  utilize  low-grade  rock  and  tailings,  and  to  make  concentrated  phos- 
phatic  fertilizers,  the  t)hosphoric  acid  produced  by  the  first  reaction  is 
evaporated  in  pans  imtil  it  contains  about  46  per  cent,  phosphoric  anhy- 
dride. It  is  then  treated  with  a  fresh  supply  of  phosphate  rock,  when  the 
following  reaction  ensues:  i 

CasCPOO*  +  4H8PO4  =  3CaH4(P04)2. 

It  will  be  observed,  therefore,  that  ordinary  superphosphate  is 
largely  a  mixture  of  soluble  calcium  phosphate  and  gypsum,  while  the 
double-acid  phosphate  contains  little  or  no  calcium  sulphate,  or  dehy- 
drater,  and  thus  has  to  be  artificially  dried.  Either  the  phosphoric  acid 
itself,  the  double  phosphate,  or  such  compounds  as  ammonium  phosphate, 
might  be  shipped  from  our  Western  field,  since  they  are  highly  concen- 
trated products. 

SUBSTITUTES  FOR  PHOSPHATE  ROCK 

The  use  of  substitutes  for  ordinary  phosphate  rock  has  been  in  the 
past  of  great  importance,  but,  since  the  discovery  of  large  deposits  of  high- 
grade  phosphate  rock,  the  price  of  phosphatic  fertilizers  has  greatly 
decreased,  as  a  result  of  which  the  more  highly  priced  guanos  and  similar 
materials  have  been  driven  out  of  the  market.  The  use  of  substitutes, 
however,  still  continues.  There  is  still  much  low-  and  medium-grade 
material  which  could,  if  necessary,  actually  take  the  place  of  phosphate 
rock  as  a  source  of  phosphorus  and  which  may  possibly  be  used  at  some 
future  time  as  commercial  conditions  change. 

In  the  following  pages,  the  different  substitutes  for  phosphate  rock 
that  have  suggested  themselves  are  named  and  briefly  described.  They 
may  be  classified  in  two  groups:  (1)  The  natural  and  (2)  the  artificial 
substitutes  for  phosphate  rock.  Under  the  natural  substitutes  come  (a) 
phosphatic  limestone;  (b)  other  phosphate-bearing  minerals,  such  as 
apatite,  nelsonite,  wavellite,  and  others;  (c)  guano;  (d)  marl;  (e)  excre- 
ment^ both  human  and  animal;  (/)  bones.  Within  the  class  of  artificial 
substitutes  may  be  included  (a)  the  basic  slags  and  (6)  manufactured 
compounds,  like  ammonium  phosphate;  the  double-acid  phosphate,  phos- 
phoric acid,  and  ordinary  superphosphate  from  the  low-grade  phosphate 
rock  discarded  at  phosphate  mines. 

The  Natural  Substitutes  for  Phosphate  Rock 

Phosphatic  Limestone 

Directly  below  the  phosphate-rock  horizon  in  the  Mount  Pleasant 
and  other  parts  of  the  Tennessee  field,  occurs  the  phosphatic  limestone 
from  which  the  brown  rock  itself  has  been  derived.     There  must  be  an 
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enormous  tonnage  of  this  phosphatic  limestone  scattered  throughout  the 
phosphate-rock  areas  of  middle  Tennessee.  A  Ipng  period  of  time  must 
elapse  before  any  attention  will  be  given  to  this  comparatively  low-grade 
material  as  a  source  of  phosphate,  but  it  would  be  hazardous  to  say  that 
this  will  never  be  done.  Of  course,  in  the  mined-over  area,  much  of  the 
richer  limestone  has  been  covered  so  deeply  that  it  will  be  difficult  and 
expensive  to  get  at.  Analyses  of  this  limestone,  some  of  which  was  in  a 
leached  and  some  in  a  partially  leached  condition,  occurring  in  horses 
between  cutters,  show  calcium  phosphate  ranging  from  4  to  more  than  42 
per  cent.  The  carbonate  and  the  phosphate  of  lime  mixture  in  this  mate- 
rial has  considerable  value  as  fertilizer  when  applied  directly  to  the  land  in 
finely  pulverized  form,  and,  although  it  is  difficult  to  predict  how  and 
when  this  material  will  be  utilized,  it  seems  fairly  certain  that  it  will  prove 
of  value  at  some  future  time. 

Under  present  conditions  of  mining,  the  phosphate  is  dug  from 
around  the  limestone  horses  and  boulders,  and  the  pits  are  then  either 
abandoned  or  filled  with  material  from  the  overburden.  The  time  has 
not  arrived  for  the  utilization  of  such  material,  but,  when  it  does,  it  will 
be  removed,  broken  up,  crushed,  and  spread  on  the  land,  either  with  or 
without  treatment  with  acid,  or,  as  suggested  by  Waggaman,^  the  phos- 
phatic limestone  may  be  burned  in  a  kiln  and  then  slaked  with  steam  or 
hot  water  and  the  rock  thus  disintegrated.  In  experiments  made  by 
heating  the  phosphatic  limestones,  after  their  phosphate  content  had 
been  determined,  it  was  found  that  the  percentage  of  the  latter  was  in- 
creased in  quantity,  the  increases  ranging  from  1.40  to  8.62  per  cent.^ 

Apatite,  Nehonite,  and  Other  Minerals  Containing  Phosphate 

The  mineral  apatite  is  among  the  most  definite  in  composition,  if  not 
the  most  definite,  of  the  crystalline  phosphate-bearing  minerals.  It  is 
widely  distributed  and  occurs  in  rocks  of  various  kinds,  but  most  com- 
monly in  those  of  the  metamorphic  and  crystalline  types,  such  as  crystal- 
line limestone,  dolomite,  gneiss,  the  mica  schists,  etc.  The  two  common 
varieties  are  fluor-apatite,  SCaaCPOOj.CaFa,  and  chlor-apatite,  3Ca»- 
(P04)2.CaCl2,  with  intermediate  compounds  containing  both  chlorine 
and  fluorine.  The  normal  varieties  contain  in  the  case  of  fluorine  42.3 
per  cent,  phosphoric  acid  (PaOs),  and  the  chlor-apatite  41  per  cent, 
of  phosphoric  acid  (PaOb).  The  fluor-apatite  is  much  the  more  common 
variety  and  here  belongs  the  apatite  found  in  St.  Lawrence  Countj^ 
N.  Y.,  Canada,'  Spain,  and  the  Alps.     The  Norway  apatite  is  of  the  chlor- 

7  U.  S,  Bureau  of  SoiU,  BulleUn  No.  81,  p.  13  (1912). 

*  Loc.  cit. 

*  R.  W.  Ells:  Geological  Survey  of  Canada,  Mineral  Resources  of  Canada^  BvXletin 
on  ApatiU  (1904). 

For  a  complete  list  of  minerals  containing  at  least  1  per  cent,  of  phosphoric  acid, 
see  W.  B.  Phillips:  Trans,,  vol.  21,  pp,  18^196  (X892-93). 
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ine-bearing  type.  The  apatite  associated  with  the  magnetite  at  Mine- 
ville,  northern  New  York,  on  the  property  of  Witherbee,  Sherman  & 
Co.,  is  worthy  of  special  mention.  Attempts  have  been  made,  according 
to  report,  to  separate  the  apatite  on  a  commercial  scale,  but  they  have 
not  proved  successful. 

Apatite  in  Virginia. — Rock  of  igneous  origin,  rich  in  titanium  and 
phosphorus,  occurs  in  the  eastern  foothills  of  the  Blue  Bidge  in  Virginia, 
near  Roseland,  about  7  miles  northwest  of  Arrington  on  the  Southern 
Railroad,  and  24  miles  northeast  of  Lynchburg.  The  titanium  occurs 
in  the  form  of  ilmenite,  and  the  phosphorus  in  the  form  of  apatite,  these 
being  the  dominant  minerals.  The  rock  occurs  in  dikelike  forms  of 
var3dng  size  and  irregular  shape,  and  to  it  the  name  nelsonite  has  been 
applied.^® 

Many  varieties  of  rock  have  been  included  under  this  name,  for  ex- 
ample, ilmenite  nelsonite,  magnetite  nelsonite,  biotite  nelsonite,  horn- 
blende nelsonite,  and  rutile  nelsonite,  from  the  dominant  mineral  that 
may  be  present,  and  gabbro  nelsonite,  from  the  rock-type  gabbro,  which 
some  of  the  facies  of  nelsonite  resemble.  Ilmenite  nelsonite,  to  which 
the  name  was  first  applied,  is  the  normal  and  most  abundantly  occurring 
variety.  The  apatite  present  is  the  fluor-apatite,  chlorine  being  present 
only  in  traces.  The  content  of  the  nelsonite  in  apatite  ranges  from  0.3 
to  30  per  cent. 

Experiments  having  as  their  object  the  commercial  utilization  of 
nelsonite  have  been  carried  on  at  the  Bureau  of  Soils.  Both  the  min- 
erals ilmenite  and  apatite  contain  elements  which  seriously  affect  each 
other  so  far  as  commercial  applicability  is  concerned.  The  problem,  then, 
first,  is  to  separate  them.  Two  mechanical  methods  have  been  tried, 
depending  (1)  on  differences  in  specific  gravity,  (2)  on  the  magnetic 
properties  of  the  ilmenite.  Neither  of  these  methods  was  found  entirely 
satisfactory.  The  chemical  method  was  then  resorted  to.  In  the  experi- 
ments performed  by  W.  H.  Fry,  of  the  Bureau  of  Soils,  it  has  been  found 
that  ilmenite  [may  be  almost  completely  freed  from  apatite  by  means 
of  sulphuric  acid  with  a  minimmn  of  waste  and  without  involving 
great  expense.  Moreover,  all  the  products  obtained  can  be  utilized 
commercially. 

Preliminary  experiments  showed  that  ilmenite  is  entirely  unattacked 
by  dilute  sulphuric  acid,  while  apatite  is  acted  on  quite  energetically  by 
this  reagent.  Subsequently,  it  was  shown  that  the  apatite  remaining  in 
ilmenite  after  mechanical  separation  can  nearly  all  be  extracted  by  means 
of  dilute  sulphuric  acid  without  appreciably  affecting  the  ilmenite.     The 


"T.  L.  Watson:  Mineral  Resources  of  Virginia^  p.  300  (1907);  Geology  of  the 
Titanium  and  Apatite  Deposits  of  Virginia,  Virginia  Geological  Survey,  Bulletin 
3Af  pp.  100  et  seq.  (1913) ;  T.  L.  Watson :  and  Stephen  Taber :  Virginia  Rutile  Deposits, 
U.  S.  Geological  Survey,  BuUetin  430,  p.  206  (1910). 
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details  connected  with  the  experiments  are  outlined  in  an  article  by 
Waggaman." 

Thus  the  possibility  is  shown  of  obtaining  phosphate  fertilizer  material 
from  this  occurrence. 

The  great  objection  to  apatite  as  a  source  of  phosphate  is  the  expense 
of  mining  and  preparing  the  rock  for  treatment  with  acid.  In  the  case 
of  the  apatite  containing  fluorine,  hydrofluoric  acid  gas  and  possibly 
other  poisonous  gases  are  given  off  when  the  mineral  is  acted  upon  by 
sulphuric  acid.  Thus,  the  treatment  of  this  mineral  with  acid  may  be 
attended  with  danger,  unless  care  is  exercised  in  the  manipulation,  or 
unless  there  is  enough  of  silica  or  silicates  present  to  react  with  the  liber- 
ated hydrofluoric  acid.  The  cheap  and  accessible  sources  of  phosphate 
have  caused  a  practical  stoppage  of  the  mining  of  apatite  for  fertilizer 
purposes,  though  at  one  time  a  considerable  amount  of  the  mineral  was 
so  used.** 

Guano 

Guano  consists  chiefly  of  the  excrement  of  birds  and  bats,  and  has 
been  found  in  considerable  quantity  in  some  places.  It  has  been  exten- 
sively used  in  the  manufacture  of  acid  phosphate.  There  are  two 
types:  (1)  The  unleached  deposits  found  in  caves  and  sheltered  places, 
which  contain  phosphoric  acid  in  readily  available  form,  and  also  nitrogen, 
a  fertilizer  of  great  importance  and  high  price.  (2)  The  leached  deposits, 
which  contain  no  nitrogen  and  in  which  the  phosphoric  acid  content, 
though  high,  is  generally  insoluble.  Accessible  and  valuable  deposits 
of  guano  are  now  rather  scarce,  and  only  those  having  the  best  transpor- 
tation facilities  are  being  worked. 

Greensand  (Marls) 

Phosphate  is  found  to  a  small  extent  in  certain  greensands  of  the 
eastern  and  southeastern  States,  notably  in  New  Jersey,  Kentucky, 
Tennessee,  South  Carolina,  Florida,  Alabama,  and  without  doubt  in 
many  other  coastal-plain  States  of  the  East. 

New  Jersey. — About  30  years  ago,  the  greensands  of  certain  portions 
of  New  Jersey  were  in  great  demand.  On  the  first  geologic  map  of  that 
State,  the  location  of  the  beds  containing  them  was  shown,  and  in  some 
of  the  earlier  reports  the  deposits  were  described  and  numerous  analyses 
given,  as  well  as  instructions  for  their  use.  In  recent  years,  however, 
greensand  has  been  supplanted  to  a  large  extent  by  the  more  highly 
concentrated  artificial  fertilizers  and  is  no  longer  dug  extensively. 


^^W.  H.  Waggaznan:  A  Possible  Ck>inznercial  Utilpiation  of  Nelsonite,  Journal 
of  Indwirial  and  Engineering  Chemistry^  vol.  6,  No.  9,  pp.  730-732  (1013). 
^>Ell8:  Loccit. 
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The  analyses  in  Tables  4  and  5  show  the  composition  of  the  different 
grades  of  greensand  as  dug  and  applied  to  the  soil.  The  glauconite  in 
them  is  of  nearly  uniform  composition,  but  mixed  with  it  are  carbonate, 
sulphate,  and  phosphate  of  lime,  quartz  sand,  sulphide  and  phosphate  of 
iron,  shells,  etc.  The  differences  in  the  kind  and  quantity  of  these 
substances  cause  wide  differences  in  the  appearance  of  the  greensand  con- 
taining them,  as  well  as  in  its  composition  and  properties. 

Table  4  gives  the  phosphoric-acid  content,  in  percentages,  of  typical 
specimens  of  New  Jersey  greensand: 

Table  4. — Phosphoric  Acid  in  Typical  Greensand  (Marl)  of  New  Jersey 


1 

2 

8 

4 

6           6      17           8 

0 

10 

Phosphoric  acid 

1.14 

1.33 

1.02 

2.24 

2.69 

2.56   3.58'  3.87   2.58 

1 

2.30 

New  Jersey  greensand^'  has  been  of  incalculable  value  to  the  region 
in  which  it  is  found.  It  has  raised  this  region  from  the  lowest  stage  of 
agricultural  exhaustion  to  a  high  state  of  improvement.  Found  in 
places  where  no  capital  and  but  little  labor  were  needed  to  get  it,  the 
poorest  people  have  been  able  to  avail  themselves  of  its  benefits.  Lands 
which  in  the  old  style  of  cultivation  had  to  lie  fallow,  by  the  use  of  marl 
produce  heavy  crops  of  clover  and  grow  rich  while  resting.  Land  which 
had  been  worn  out,  and  left  in  commons,  is  now,  by  the  use  of  this 
fertilizer,  yielding  large  crops  of  the  finest  quality.  Everywhere  in  the 
marl  district,  may  be  seen  farms  which  in  former  years  would  not  support 
a  family  but  which  are  now  making  their  owners  rich  through  their  pro- 
ductiveness. Bare  sands,  by  the  application  of  marl,  are  made  to  grow 
clover  and  then  crops  of  corn,  potatoes,  and  wheat.  "Pine  barrens," 
by  the  use  of  marl,  are  made  into  fruitful  land.  The  price  of  land  in  the 
greensand-marl  belt  of  New  Jersey  was  considerably  below  that  in  the 
northern  part  of  the  State  40  years  ago;  now  the  price  is  higher. 

Kentucky, — The  greensand  (marls)  of  the  Leitchfield,  Kentucky, 
region  have  been  described  by  N.  S.  Shaler^^  and  have  been  analyzed  by 
Robert  Peter."  A  sample  from  near  Leitchfield,  Grayson  County,  was 
sent  to  the  United  States  Geological  Survey  by  M.  H.  Crump,  of  Bowling 
Green,  Ky.  It  was  analyzed  in  the  Survey  laboratory  by  Chase  Palmer 
and  found  to  contain  3.73  per  cent,  potash  (K2O)  and  0.13  per  cent,  phos- 
phoric acid  (PjOb). 

Greensands  containing  approximately  these  quantities  of  potash  and 
phosphoric  acid  are  found  in  large  quantities  over  a  considerable  area  in 
west  central  Kentucky,  and  in  the  reports  cited  above  their  use  was  sug- 

"  Annual  Revort  of  the  StcUe  Geologist  of  New  Jersey,  1886,  p.  154. 

"  Kentucky  Qeological,  Survey  Report,  new  eer.,  vol.  3,  pp.  46-47  (1877). 

u  Kentucky  Oeological  Survey,  Chemical  Analyses,  vol.  A,  pp.  250-254  (1884). 
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gested  to  rejuvenate  the  lands  of  the  State,  worn  out  as  a  result  of  the 
excessive  cultivation  of  tobacco  and  other  crops. 

Tennessee. — The  greensands  of  Tennessee  were  mentioned  by  G. 
Troost  as  early  as  1835.  They  are  found  in  Hardin,  McNairy,  and 
Henderson  Counties.  The  analyses  by  Troost  shown  in  Table  5  are  of 
the  greensands  of  McNairy  County: 

Table  5. — Analyses  of  Greensand,  McNairy  CautUy,  Tenn* 


Silica  (SiOi) 

Alumina  (AliOs) 

Ferrous  oxide  (FeO) 

Potassa  (K,0) 

Carbonate  of  line  (CaCOs) 

Water  (H,0)  

Loss 

Total 


45.30 

6.20 

18.00 

10.40 

10.80 

8.60 

0.80 


100.00  '  100.00      100.00 


51.70 
6.50 
21.20 
11.30 
2.00 
7.30 
0.00 


Phosphoric  acid,  which  is  doubtless  present  in  the  marls,  does  not 
appear  to  have  been  separated. 

Alabama. — Materials  of  several  kinds,  containing  phosphoric  acid, 
have  been  found  in  Alabama,  in  both  the  Cretaceous  and  Tertiary  forma- 
tions. In  several  places  in  the  lower  part  of  Marengo  County,  notably 
near  Dayton  and  Nixonville,  there  occur  tolerably  compact  beds  of  shell- 
casts,  containing  from  20  to  25  per  ceht.  phosphoric  acid.  According  to 
E.  A.  Smith,**  these  beds  are  the  most  promising  sources  of  phosphate  in 
the  State.  Such  high-grade  phosphate  beds  should  have  future  value  as 
fertilizers. 

Excrement 

A  large  part  of  the  phosphorus  sent  from  the  country  in  the  form  of 
cattle  and  grains  for  consumption  in  the  cities,  finds  its  way  ultimately, 
via  the  modern  sewage  system,  to  the  ocean.  There  it  is  lost  so  far  as  its 
fertilizer  value  to  the  land  is  concerned.  Whitson"  estimates  that  the 
loss  in  the  cities  due  to  human  excreta  alone  is  equivalent  to  2  or  3  lb.  of 
phosphoric  oxide  per  acre  for  the  entire  cropped  region  of  the  United 
States.     Supposing  this  loss  to  be  2  lb.,  K>000  ton,  this  amounts,  for 

*  J.  M.  Safford:  Tennessee  Geological  Survey ^  p.  515.     Nashville,  1869. 

"  E.  A.  Smith:  The  Phosphates  and  Marls  of  Alabama,  Trans. ,  vol.  25,  p.  811 
(1895). 

"  A.  R.  Whitson  and  C.  W.  Stoddart:  The  Conservation  of  Phosphates  on  Wis- 
consin Farms,  Universily  of  Wisconsin  Agricultural  Experiment  Station  BuUetin,  No. 
174,  pp.  1-8  (April,  1909). 
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400,000,000  acres  of  cropped  land,  to  400,000  tons  of  phosphoric  oxide — 
equivalent  to  1,200,000  tons  of  phosphate  rock."  Surely  here  is  a  prob- 
lem for  the  municipal  and  chemical  engineer  of  the  future. 

Bones 

Before  phosphate  rock  was  found  in  quantity  in  the  United  States  and 
in  other  parts  of  the  world,  bones  were  the  main  source  of  phosphoric  acid 
for  fertilizing  purposes.  There  is  still  a  domestic  production  of  this  form 
of  phosphate  fertilizer.  The  bones  were  steamed,  charred  or  burned,  and 
applied  to  the  land  after  such  treatment,  or  they  were  made  into  super- 
phosphate in  the  way  ordinary  bone  phosphate  is  now  converted,  by 
treatment  with  sulphuric  acid.  Ground  bone,  or  bone  meal,  is  a  valuable 
fertilizer  without  any  treatment  whatever,  due  to  its  nitrogen  and  phos- 
phorus. The  phosphoric  acid  contained  in  bones  has  considerable  value 
as  a  source  of  phosphorus  for  chemical  purposes  other  than  fertilizer. 

Artificial  Substitutes  for  Phosphate  Rock 
Basic  Slag^^ 

Basic  slag  is  not  soluble  to  any  extent  in  water,  but  it  has  been  shown 
that  the  phosphate  contained  in  it  is  readily  assimilated  by  growing  crops 
and  splendid  results  have  followed  from  its  use  as  a  fertilizer. 

It  is  produced  in  the  manufacture  of  steel  by  the  basic  Bessemer  and 
basic  open-hearth  processes.  In  these  the  phosphorus  is  separated  from 
tiie  iron  by  the  addition  of  lime  or  limestone,  which,  having  a  strong  chem- 
ical affinity  for  the  phosphorus,  forms  with  it  basic  phosphoric  compounds 
which  enter  the  slag.  In  slags  produced  by  these  processes,  the  phos- 
phoric acid  may  run  from  10  to  more  than  25  per  cent. 

The  iron  ores  used  in  this  country,  with  the  exception  of  some  mined  in 
Alabama,  are  low  in. phosphorus  and  consequently  the  basic  Bessemer 
process  is  not  appUcable  to  them.  The  slags  produced  from  such  low- 
phosphorus  ores  are  consequently  low  in  this  fertilizing  element,  but 
abroad,  and  especially  in  Germany,  where  the  iron  ores  are  high  in  phos- 
phorus, the  basic  Bessemer  process  is  widely  used  and  as  a  result  the  slag, 
rich  in  phosphate,  is  widely  applied  as  a  fertilizer.  There  are  indications 
that  the  importance  of  these  high-phosphatic  slags  is  coming  to  be  realized 
in  this  country. 

1*  C.  R.  Van  Hise:  Conaervaiion  of  Natural  Resources  in  the  United  StateSf  p.  325. 
The  MacMiUan  Co.,  New  York  (1910). 

^*  E.  C.  Eckel:  Utilization  of  Iron  and  Steel  Slags,  U.  S.  Geological  Survey,  But- 
UUn  No,  213,  pp.  225-227  (1903). 

W.  H.  Waggaman:  Utilization  of  Acid  and  Basic  Slags  in  the  Manufacture  of 
Fertilizers,  U.  S.  Bureau  of  SoUs,  Bulletin  No.  95  (1913). 
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In  rock  phosphate  the  phosphoric  acid  is  combined  with  lime  as  tri- 
calcium  phosphate  with  the  symbol  CasCPOOt.  In  slags,  however,  the 
combination  is  that  of  tetra-calciimi  phosphate  (4CaO.PtOs  or  CaiP^t), 
according  to  certain  investigators.  Other  experimenters  have  found 
that  different  compounds  have  formed  with  variations  in  the  composition 
of  the  molten  bath  and  that  toward  the  end  of  the  operation,  when  much 
silica  was  present,  a  compound  having  the  formula  PsOs.SiOt.5CaO  was 
formed.  It  has  also  been  shown  that  in  slags  having  the  same  phosphate 
content,  those  containing  silica  were  the  most  soluble  and  hence  the  most 
valuable  for  fertilizer  purposes. 

PHOSPHATE  ROCK  RESERVES 
Flobida" 
Hard  Rock 

Several  maps  of  the  Florida  phosphate  fields  have  been  published, 
but  they  are  of  a  general  nature  and  attempt  to  show  only  the  approximate 
location  of  boundaries.  Even  this  is  difficult  to  do  with  any  d^^ree  of 
accuracy  without  careful  prospecting.  In  estimating  the  avaUable  hard 
rock,  some  idea  of  the. total  area  in  the  State  within  which  such  deposits 
may  occur  is  essential.  The  estimates  made  agree  fairly  closely,  and 
indicate  that  the  workable  beds  of  hard  phosphate  rock  in  Florida  occur 
throughout  an  area  of  several  hundred  square  miles.  The  area  actually 
underlain  by  workable  deposits  of  hard  rock  is,  however,  but  a  small 
fraction  of  that  within  which  the  deposits  have  been  mapped.  There  are, 
moreover,  no  existing  data  from  which  one  may  calculate  the  area  under- 
lain by  workable  deposits  with  a  degree  of  accuracy  that  would  have 
any  practical  value  whatever. 

Sections  of  square  miles  could  be  taken  within  which  the  depodta 
have  been  most  completely  mined  out  and  tonnage  estimates  made  from 
them,  but  figures  thus  obtained  could  not  be  used  in  other  areas  as  a 
standard,  since  over  many  square  miles  there  are  no  deposits  at  all.  The 
deposits  in  the  sections  which  have  been  most  completely  mined  out, 
moreover,  are  usually  the  most  accessible.  With  due  allowances,  it  is 
conservatively  estimated  that  there  is  as  much  hard  rock  available  in 
Florida  as  has  already  been  removed,  that  is,  approximately  10,000,000 
tons,  and  with  an  annual  output  of  500,000  tons  the  hard-rock  phosphate 
deposits  may  be  expected  to  last  at  least  20  years  longer. 

Land  Pebble 

The  land-pebble  beds  are  more  regular  in  their  occurrence  than  the 
hard-rock  deposits,  but  close  estimates  cannot  be  made  except  by  actual 

*•  The  writer  is  greatly  indebted  to  Dr.  E.  H.  Sellards,  State  Geologist  of  Florida, 
for  valuable  suggeetions  in  preparing  this  note  on  the  Florida  phosphate-rock  i 


Digitized  by 


Google 


W.   C.   PHALBN  1925 

prospecting;  and  this  will  be  done  only  gradually  by  those  who  are  inter- 
ested in  or  are  engaged  in  mining.  The  land-pehble  phosphate  belt  is 
approximately  30  miles  long  by  5  to  10  miles  wide.  On  the  basis  of  a 
conservative  estimate  of  acreage  and  of  tonnage  per  acre,  the  writer  has 
calculated  a  total  of  190,000,000  tons  of  land  pebble. 

The  output  of  land  pebble  per  year  in  Florida  is,  in  roimd  numbers, 
2,000,000  tons.  The  estimate  of  available  land  pebble,  which  is  consid- 
ered extremely  conservative,  leads  to  the  conclusion  that  this  type  of  phos- 
phate rock  in  Florida  will  last  several  generations,  and  for  present  pur- 
poses it  may  be  considered  practically  inexhaustible.  The  refinements 
in  methods  of  mining  land  pebble  are  gradually  reducing  the  quantity 
of  small  pebbles  that  go  to  the  waste  dump,  and  this  factor  will  tend  to 
prolong  the  life  of  these  deposits  beyond  that  calculated  from  the  figures 
given  above. 

In  making  up  the  estimates  for  Florida,  river  pebble  has  not  been 
included,  owing  to  the  difficulties  connected  with  estimating  its  quan- 
tity. This  factor  also  adds  to  the  conservatism  of  the  figures  given  for 
this  State. 

Waste  MaieriaL 

The  phosphoric  acid  in  the  Florida  deposits  in  the  form  of  soft  phos- 
phate, so-called,  together  with  large  quantities  of  aluminum  and  iron 
phosphate,  go  to  the  dumps  in  the  preparation  of  the  hard  and  pebble 
rock  for  market.  The  loss  calculated  in  terms  of  phosphate  of  lime  is 
considerable  and  it  may  possibly  equal  the  actual  quantity  saved  and 
marketed.  It  has  been  calculated  by  W.  H.  Waggaman*^  that  the  mar- 
keted material  is  probably  not  more  than  15  per  cent,  of  the  total  mate- 
rial mined,  and  that  in  the  discarded  material  is  an  average  of  at  least 
10  per  cent,  phosphoric  acid.  The  total  quantity  of  Florida  phosphate 
rock  marketed  up  to  and  including  1914  is  approximately  27,500,000  long 
tons.  On  these  bases,  the  low-grade  material  in  the  waste  heaps  is  ap- 
proximately equivalent  to  27,000,000  to  30,000,000  tons  of  high-grade 
material. 

Tennessee 
Introductory  Note 

There  are  three  varieties  of  phosphate  rock  in  Tennessee,  the  white, 
the  blue,  and  the  brown.  The  very  irregular  character  of  the  white 
phosphate-rock  deposits,  and  the  fact  that  they  have  been  but  meagerly 
prospected,  make  it  impossible  to  estimate  the  available  supplies  even 
approximately.  The  omission  of  estimates  of  white  rock  may  be  con- 
sidered to  contribute  to  the  conservatism  of  the  total  figure  for  the  State. 

"  W.  H.  Waggaman:  U.  S.  Bureau  ofSaiU,  Bulletin  No.  76,  p.  14  (1911). 
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Blue  Rock 

9 

The  blue  bedded  phosphate-rock  deposits  are  found  chiefly  in  Perry, 
Hickman,  Lewis,  and  Maury  Counties.  In  estimating  them,  only  rock 
24  in.  and  over  in  thickness  will  be  considered.  The  area  underlain  by 
rock  of  this  thickness  is  large,  but  the  area  in  which  the  rock  is  thinner 
is  much  greater.  This  estimate  includes  the  rock  under  heavy  cover, 
but  this  is  not  a  bar  to  its  availability,  since  blue  rock  is  worked  wholly 
undergroimd. 

As  stated  in  another  part  of  this  paper,  blue  phosphate  rock,  even  in 
those  localities  where  thickest,  is  extremely  variable  and  may  locally  be 
absent  altogether.  As  an  offset  to  this  factor,  however,  a  very  large 
area  has  been  omitted  in  the  calculations  in  which  the  rock  has  been  con- 
sidered to  be  less  than  24  in.  in  thickness,  but  which  future  prospecting 
may  show  to  be  thicker.  It  may  reasonably  be  expected  that  outlying 
areas  in  which  the  rock  is  locally  workable  will  be  found  in  the  future. 
It  must  also  be  considered  that  rock  only  a  foot  thick,  but  of  high-grade, 
may  be  considered  of  future  workability.  It  is  also  possible  that  all  of 
the  blue  rock  estimated  may  not  be  up  to  present  commercial  require- 
ments. As  time  goes  on,  however,  the  standard  in  this  respect  will  tend 
to  fall,  and  ore  may  then  be  treated  chemically  to  raise  the  grade  for 
shipment  to  distant  points. 

Taking  all  the  above  factors  into  consideration,  it  is  estimated  that 
there  are  approximately  84,000,000  tons  of  available  blue  rock  phosphate 
in  Tennessee. 

Brown  Rock 

The  brown  phosphate  rock  included  in  the  estimate  given  below  occurs 
chiefly  at  the  Bigby  horizon.  It  is  found  chiefly  in  Maury,  Giles,  Hick- 
man, Lewis,  and  Sumner  Counties,  Tennessee.  The  Mount  Pleasant, 
Maury  County,  district  contains  the  most  extensive  deposits,  and  the 
major  operations  on  brown  rock  phosphate  in  the  State  are  located 
there.  The  quantity  of  brown  phosphate  rock  in  the  Mount  Pleasant 
district,  which  may  be  taken  as  a  type,  ranges  from  600  to  1,000  tons  per 
acre-foot;  and  850  tons  is  considered  a  fair  average.  A  considerable 
portion  of  the  areas  where  are  located  important  deposits  of  brown  rock 
has  been  worked  over  in  Tennessee,  especially  in  the  Mount  Pleasant 
field.  This  fact,  and  the  additional  fact  that  the  entire  acreage  can 
not  be  underlain  by  phosphate  rock,  would  tend  to  reduce  the  estimate; 
but,  on  the  other  hand,  it  is  very  reasonable  to  suppose  that  as  detailed 
prospecting  takes  place  new  and  important  areas,  though  small,  will  be 
found.  Two  such  areas  have  recently  been  brought  to  the  writer's 
attention.  Taking  these  factors  into  consideration,  it  is  estimated  that 
an  available  tonnage  of  approximately  4,000,000  tons  of  brown  rock 
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remains  in  middle  Tennessee,  or  approximately  about  as  much  as  has 
akeady  been  marketed.** 

In  addition  to  the  virgin  rock  remaining  unmined  in  Tennessee,  a 
great  deal  of  phosphate  rock  will  be  recovered  from  waste  ponds  and  from 
the  dumps  from  old  workings.  Such  work  is  in  progress,  as  described 
earlier  in  this  paper.  The  recovery  of  this  material  will  tend  to  greatly 
prolong  the  life  of  the  brown  phosphate-rock  field  beyond  the  period  indi- 
cated by  a  theoretical  calculation  based  on  the  estimate  of  reserves  made 
above  and  the  yearly  marketed  output  of  brown  rock  in  Tennessee. 

South  Carolina 

Several  estimates  have  been  made  of  the  quantity  of  phosphate  rock 
available  in  South  Carolina  for  future  use.  In  the  very  early  days  of  the 
industry,  the  data  for  such  estimates  were  lacking,  but  increased  knowl- 
edge gained  from  working  the  deposits  has  lessened  this  difficulty  to 
some  extent.  Shepard,  in  1880,  estimated  the  total  available  supply  to 
be  less  than  5,000,000  tons,  but  from  1881  to  1914,  inclusive,  the  quantity 
of  rock  removed  was  11,600,000  tons  out  of  a  total  of  13,000,000  tons  for 
the  State  since  the  industry  began  in  1867. 

P.  E.  Chazal*'  in  1904  estimated  the  quantity  of  rock  remaining  in  the 
land  deposits  at  between  9,000,000  and  11,000,000  tons.  Since  1904, 
there  have  been  removed  from  the  South  Carolina  deposits  more  than 
2,000,000  tons,  leaving  still  available  between  7,000,000  and  9,000,000 
tons  of  phosphate  rock.  These  figures  do  not  include  the  river  rock. 
The  higher  figure,  namely,  9,000,000  tons,  may  therefore  be  taken  as  a 
conservative  estimate  of  the  available  supply  in  South  Carolina. 

The  annual  production  of  South  Carolina  phosphate  rock  is  approxi- 
mately 100,000  tons.  At  the  present  rate  of  production,  the  phosphate 
rock  supply  of  South  Carolina  would  last  approximately  90  years.  In 
view  of  the  fact  that  the  production  of  this  State  has  been  steadily 
decreasing  for  many  years,  and  the  possibility  that  other  deposits  may  be 
found,  it  seems  safe  to  conclude  that  the  South  Carolina  deposits  can  pro- 
duce rock  of  somewhat  low  grade  for  many  years  to  come  and  should 
become  an  important  source  of  supply  when  the  chemical  concentrating 
methods  come  into  general  practice. 

It  is  interesting  in  this  connection  to  note  that  W.  H.  Waggaman** 

**  James  A.  Barr:  {BuOetin  No.  110,  p.  244,  Feb.,  1916)  states:  "In  the  event  of  low 
grades  of  phosphate  becoming  commercial  products,  20,000,000  tons  would  become 
available  within  a  50-mile  radius  of  Mount  Pleasant  alone,  and  perhaps  100,000,000 
tons  of  rock,  especially  if  phosphatic  limestone  is  taken  into  accoimt." 

"  P.  E.  Chazal:  A  Sketch  of  the  South  Carolina  PhosphaU  Industry,  pp.  17  and  18 
(1904). 

^  W.  H.  Waggaman:  Journal  of  Induslricil  and  Engineering  Chemistry ,  vol.  6,  No.  6, 
p.  4M  (June,  1914). 
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has  estimated  a  somewhat  higher  available  supply  of  phosphate  rock  of 
high  grade  in  South  Carolina,  namely,  10,000,000  tons.  F.  B.  Van  Horn's** 
estimate  made  in  1909  places  the  available  South  Carolina  phosphate  rock 
at  3,000,000  tons,  but  that  writer  qualifies  the  estimate  by  observing  that 
careful  and  deep  prospecting  may  increase  these  figures. 

Kentucky  ^ 

The  rock  occurring  in  this  field  is  of  the  brown-rock  type,  similar  to 
the  brown  phosphate-rock  deposits  occurring  in  middle  Tennessee.  The 
areas  underlain  by  high-grade  deposits  are  scattered,  but  the  most  impor- 
tant areas  occur  to  the  south  and  northwest  of  Midway,  Woodford  County. 
The  writer  has  explored  this  region  with  the  drill,  though  not  closely 
enough  to  give  close  figures.  A  very  conservative  estimate  of  the  phos- 
phate rock  available  in  this  region  is  1,000,000  tons. 

Abkansas 

Though  there  is  only  a  small  production  of  phosphate  rock  in  Arkansas 
at  the  present  time,  it  must  not  be  inferred  that  the  deposits  in  this  State 
will  not  prove  of  future  value.  In  many  of  the  analyses  published  by 
Branner  and  Newsom,'*  the  content  of  the  iron  oxide  and  alumina  runs 
high,  and  although  this  factor  tends  to  unfit  the  Arkansas  rock  for  the 
manufacture  of  superphosphates  under  present  conditions,  the  time 
without  doubt  will  come  when  these  deposits  will  be  extensively  exploited 
for  direct  application  to  the  soil.  Chemical  treatment  should  also  render 
a  very  large  part  of  the  Arkansas  phosphate  available  for  future  use. 
The  tonnages  per  acre  calculated  for  small  tracts  in  which  conditions  are 
well  known,  show  a  large  quantity  of  phosphate  rock.*^  Calculations  of 
tonnages  indicate  as  much  as  11,600  tons  in  one  locality  where  the  thick- 
ness of  the  rock  was  approximately  4J^  ft.  In  another  place,  the  acre 
tonnage  was  23,200  where  the  average  thickness  was  considered  to  be  8  ft. 
The  latter  figure  is  reckoned  on  the  basis  of  2,900  tons  per  acre,  which,  in 
turn,  is  based  on  a  weight  of  150  lb.  per  cubic  foot  of  rock.  Waggaman*' 
estimates  20,000,000  tons  of  high-grade  rock  in  Arkansas. 

The  Western  States 

The  available  tonnage  estimates  for  the  Western  field,  which  are  only 
partial,  are  chiefly  for  Idaho,  but  include  figiu'es  for  small  parts  of  Utah, 

>*  F.  B.  Van  Horn:  Phosphate  Deposits  of  the  United  States,  U,  S.  Geological 
Survey,  Bulletin  No.  394,  p.  164  (1909). 

>•  Arkansas  Agricultural  Experiment  Siaiion  Bulletin^  No,  74>  pp.  116-119  (1902). 

"  Loc.  cit.f  pp.  71-80. 

'*  W.  H.  Waggaman:  Journal  of  Industrial  and  Engineering  Chemistry ,  voL  6, 
No.  6,  p.  464  (June,  1914). 


Digitized  by 


Google 


W.   C.   ^HALBN  1929 

WyoDodng,  and  Montana.  The  estimates  prepared,  which  are  considered 
conservative,  are  all  for  high-grade  rock,  65  per  cent,  or  more  tricalciima 
phosphate,  and  refer  chiefly  to  the  main  bed  which  ordinarily  lies  near 
the  base  of  the  phosphate  shales  and  in  the  Idaho  field  is  usually  5  or  6 
ft.  thick.  Thus  they  do  not  include  the  thinner  beds  of  high-grade  rock 
nor  the  great  body  of  low-grade  material.  The  main  bed  itself  is  included 
only  for  those  parts  of  the  field  in  which,  according  to  the  present  practice 
of  the  Geological  Survey,  the  rock  lies  at  depths  considered  workable. 
The  estimates  are  based  on  the  assumption  that  the  phosphate  rock  at 
depth,  and  remote  from  the  outcrop,  m^^intains  the  generally  uniform 
qualities  displayed  at  the  siurface  in  so  many  parts  of  the  field.  Some 
tendency  toward  enrichment  by  weathering  has  indeed  been  noted,  but 
observations  thus  far  obtainable  suggest  no  marked  decrease  in  richness 
within  the  body  of  the  material. 

Under  the  above  conditions  the  areas  examined  in  the  field  work  of 
1909  to  1913,  inclusive,  in  Utah,  Wyoming,  and  Idaho,  are  estimated  to 
contain  at  least  5,290,296,900  long  tons  of  high-grade  phosphate  rock. 
In  addition,  the  Elliston  field  in  Montana  is  estimated  to  contain  86,000/*- 
000  short  tons,*'  or  approximately  76,785,700  long  tons,  a  total  available 
estimate  of  5,367,082,600  long  tons.  Since  1913,  additional  areas  in 
some  of  these  regions  have  been  examined  in  detail  and  the  presence  of 
still  more  of  the  high-grade  rock  has  been  determined.  There  yet  remains 
a  considerable  area  of  withdrawn  land  that  has  not  been  examined,  in 
which  it  is  probable  that  high-grade  phosphate  will  be  found.  When  the 
results  of  these  examinations  and  the  results  of  more  detailed  work  in 
regions  now  known  only  by  reconnaissance  are  added  to  the  figures  given, 
it  is  probable  that  the  estimates  of  high-grade  rock  in  the  Western  field 
will  be  considerably  increased. 

Total  Tonnage  Available 

In  Table  6  is  given  the  estimated  tonnage  of  phosphate  rock  available 
in  the  United  States  at  the  present  time. 

Table  6. — Phosphate  Rock  Available  in  the  United  States 

Eastern  States  Lons  Tons  Western  States  Long  Tons 

Florida 227,000,000       Montana,  Idaho,  Utah,  and 

Tennessee 88,000,000  Wyoming 5,367,082,600 

South  Carolina 9,000,000  

Kentucky. . .  1,000,000 

Arkansas 20,000,000 

346,000,000       Total* 5,712,082,600 

••R.  W.  Stone  and  C.  A.  Bonine:  The  EUiston  Phosphate  Field,  Montana:  U,  S. 
Geological  Survey,  BidUtin  No.  580,  pp.  382-383  (1915). 
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The  United  States  is  now  producing  for  domestic  use  and  export  about 
3;000,000  tons  annually.  »<^  More  than  99  per  cent,  of  this  comes  from  the 
Eastern  States,  and  in  1914  nearly  80  per  cent,  came  from  Florida.  On 
this  basis,  Eastern  phosphates  should  last  fully  100  years,  taking  into 
account  material  of  good  grade. 

FOREIGN  PHOSPHATE  DEPOSITS 

Important  deposits  of  phosphate  rock  are  located  outside  the  United 
States.  Perhaps  the  best  known  of  these  foreign  deposits  are  those  in 
the  South  Sea  Islands,  Christmas  Island  in  the  Indian  Ocean,  the  African 
deposits,  and  those  on  Curagao  in  the  Dutch  West  Indies.  In  Africa, 
the  principal  deposits  are  located  in  Egypt,  Tunis,  and  Algeria.  In  the 
South  Pacific,  Angaur  of  the  Pellew  group  of  islands,  Nawoda  (Pleasant), 
Panapa  (Ocean),  and  Makatea  (Aurora)  islands,  all  contain  important 
deposits.    A  deposit  has  recently  been  reported  in  northern  Chile. 

African  Deposits 
Egypt  ^^ 

The  development  of  the  extensive  deposits  of  phosphate  near  the  Red 
Sea  has,  during  the  past  2  years,  assumed  important  proportions.  The 
mines  are  worked  by  a  British  concern  and  are  connected  by  rail  with  the 
Red  Sea,  where  the  rock  is  loaded  on  steamers  for  export.  The  rock 
contains  65  per  cent,  or  more  of  tricalcic  phosphate. 

A  company  managed  by  Italians  and  founded  in  1912,  has  obtained 
extensive  concessions  about  12  miles  inland  from  Kosseir  and  also  at 
Sebaia,  on  the  eastern  bank  of  the  Nile,  between  Keneh  and  Assouan.  The 
former  concession  is  being  connected  with  the  port  of  Kosseir  by  a  light 
railway,  which  should  shortly  be  completed.  The  rock  from  the  latter 
mines  will  be  transported  down  the  Nile  by  a  ropeway  and  thence  to 
Alexandria  by  boat  for  shipment. 

The  total  output  of  phosphate  in  Egypt  for  the  years  1908  and  1912 
was  as  follows:  1908,  700  tons;  1909,  1,000  tons;  1910,  2,397  tons;  1911, 
1 1,925  tons ;  and  1912,  69,985  tons.  According  to  the  Financial  Adviser's 
report,  the  output  during  1913  exceeded  that  for  1912  by  about  33,000 
tons. 

Although  other  beds  of  phosphate  are  found  in  various  districts  in 
Egypt  on  both  sides  of  the  Nile  Valley,  the  Red  Sea  area  is  responsible  for 
almost  the  whole  output.  The  rapid  development  of  the  business  of  the 
Egyptian  Phosphate  Co.,  the  British  concern,  and  the  impending  com- 

*'  Normal  conditions  are  referred  to. 

*^  U.  S.  Consul-General  Olney  Arnold:  U.  S,  DaUy  Consular  and  Trade  ReporUy 
p.  991  (Aug.  20,  1914). 
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mencement  of  active  operations  by  the  other  company,  will  lead  to  a 
considerable  increase  in  production. 

Practically  all  the  raw  phosphate  produced  is  shipped  from  Egypt, 
principally  to  Japan.  That  coimtry  in  1912  took  about  49,000  tons  out 
of  a  total  export  of  52,000  tons,  and  in  1913,  59,000  tons  out  of  a  total  of 
64,000.  According  to  the  customs'  returns,  the  average  value  of  the 
raw  phosphate  shipped  during  1913  at  Port  Safaga  was  about  £1  ($4.87) 
per  ton. 

A  foreign  correspondent  of  the  Survey  gives  the  following  interesting 
information  with  reference  to  the  extent  and  continuity  of  the  North 
African  deposits: 

They  correspond  geologically  to  the  deposits  of  phosphate  rock  in 
Tunis  and  Algeria,  and  there  can  be  little  doubt  that  the  phosphate- 
bearing  formation  extends  from  Algeria  to  the  Red  Sea,  a  distance,  of 
about  2,000  miles.  The  intervening  territory,  comprised  in  TripoU  and 
the  Lybian  Desert,  has  not  been  explored.  There  is  also  evidence  that  the 
same  phosphate-bearing  formation  extends  beyond  the  Red  Sea  and 
through  the  Arabian  Desert  into  Persia,  a  farther  distance  of  at  least  1,000 
miles,  and  there  is  a  possibility  that  it  extends  much  farther. 

Algeria  and  Tunis^^ 

The  deposits  of  phosphate  rock  in  Algeria  are  continuations  of  the 
deposits  in  Tunis.  The  two  important  mining  districts  in  Algeria  are 
located  near  the  towns  of  Setif  and  Tebessa,  in  the  eastern  part  of  the 
State.  They  have  been  developed  during  the  last  15  years,  the  pro- 
duction having  increased  from  1,057  short  tons  in  1899  to  550,000  in  1912. 
The  percentage  of  lime  phosphate  in  the  rock  exported  from  the  Setif  dis- 
trict ranges  from  58  to  63  per  cent.,  and  that  in  the  rock  from  the  Tebessa 
district,  from  58  to  68  per  cent. 

Tebessa  District. — The  deposits  of  Kouif ,  the  most  important  exploited 
in  Algeria,  are  located  near  Tebessa,  close  to  the  Tunisian  frontier.  Of 
the  five  beds,  three  are  workable,  the  thickness  ranging  from  3  to  9  ft.,  3 
to  4J^  ft.,  and  1^  to  3  ft.,  in  the  different  beds.  The  average  percentage 
of  phosphate  in  the  rock  varies,  being,  respectively,  58.64  per  cent.,  68.50 
cent.,  and  48  per  cent,  in  the  three  beds.  Where  the  overburden  does  not 
exceed  24  ft.  in  depth,  open-cut  mining  is  practiced;  where  the  overburden 
is  deeper,  the  rock  is  mined  by  tunneling.  Because  of  the  basin,  or  saucer 
shape  of  the  deposits,  the  tunnels  are  inclined. 

Important  deposits  of  phosphate  rock  have  been  found  at  Dy  Nord 
and  Djebel-Onck,  about  62  miles  south  of  Tebessa,  which  are  beUeved  to 
contain  300,000,000  to  400,000,000  tons  of  rock.  These  deposits  have  not 
been  thoroughly  explored,  and  estimates  are  therefore  not  entirely 
dependable. 

«  U.  S,  Daily  CansiUar  and  Trade  ReparU,  pp.  1240-1242  (Aug.  30,  1913). 
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Setif  District, — In  1906,  La  Compagnie  des  Phosphates  de  Paris  leased 
for  20  years  the  deposits  in  the  commune  of  Bordj-Rhir.  Its  shipments 
are  made  by  the  way  of  a  12-mile  cable  to  El  Anasser,  on  the  railway  from 
Setif  to  Algeria;  thence  they  go  to  the  part  of  Bougie,  from  which  the 
exports  amounted  to  64,986  short  tons  in  1910,  64,824  tons  in  1911,  and 
62,702  tons  in  1912. 

La  Compagnie  Alg^rienne  des  Phosphates  is  exploiting  two  deposits 
in  the  commune  of  Tocqueville.  The  beds  are  from  1  to  6  ft.  thick. 
The  phosphate  is  transported  by  a  90-mile  narrow-gage  branch  line  to  the 
railway  station  of  Texter-TocqueviUe.  In  1900,  17,807  short  tons,  and 
in  1912,  230,864  short  tons  of  rock  were  mined.  At  present  350  workmen 
are  employed. 

Another  French  company,  with  a  capital  of  $1,000,000,  is  exploiting 
the  Mzaita  mine  in  the  communes  of  Maadia.  A  broad-gage  railroad  has 
been  built  from  the  mine  to  the  station  of  Ain-Tassers,  and  an  electric 
plant  of  150  hp.  has  been  installed  for  the  stamp  mill.  Only  7,560  tons  of 
rock  were  extracted  in  1912,  but  it  is  expected  that  eventually  300,000 
tons  of  rock  will  be  mined  annually.  The  estimated  supply  of  rock  is 
16,500,000  tons. 

Southern  Pacific  Ocean  (South  Sea)  Islands 

The  South  Sea  islands  contain  the  richest,  if  not  the  most  extensive, 
phosphate  deposits  in  the  world.  Japan,  Australia,  Hawaii,  and  our 
own  Pacific  coast  under  normal  conditions,  take  very  nearly  half  the  pro- 
duction of  the  British,  French,  and  German  South  Sea  companies  engaged 
in  mining  the  phosphate  rock.  The  deposits  in  the  South  Seas  are  not- 
ably high  in  calcium  phosphate,  and  contain  from  85  to  90  per  cent,  of  this 
ingredient.  They  are  also  notable  in  their  very  low  content  of  iron  oxide 
and  alumina,  which  ranges  usually  below  1  per  cent. 

Angaur  (JPeUew  Group) 

It  is  understood  that  the  Japanese  Government  is  now  in  control  Of  the 
Pellew  group  of  islands  in  the  South  Pacific,  the  islands  having  passed 
from  German  to  Japanese  control  since  the  outbreak  of  hostilities  in 
Europe.  The  principal  deposits  of  phosphate  rock  are  located  on 
Angaur  Island,  and  these  are  reported  to  be  now  worked  to  supply  the 
Japanese  fertilizer  manufacturers.  The*  deposits  on  the  island  are 
reported  to  contain  in  round  numbers  from  2,000,000  to  3,000,000  tons 
of  high-grade  phosphate  rock. 

Ocean  Island 

Ocean  Island  is  estimated  to  contain  not  less  than  50,000,000  tons  of 
the  highest  grade  of  phosphate  rock.    Some  shipments  from  this  island 
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are  reported  to.  run  from  87  to  89  per  cent,  calcium  phosphate  and  less 
than  1  per  cent,  of  iron  oxide  and  alumina. 

Makatea  {near  Tahiti) 

On  Makatea,  near  Tahiti,  it  is  estimated  that  about  10,000,000  tons 
of  phosphate  rock  of  high  grade  are  available. 

Other  Foreign  Deposits 
Chridmaa  Island 

Christmas  Island,  near  the  west  end  of  Java  in  the  Indian  Ocean, 
produces  as  high-grade  phosphate  rock  as  is  found  in  the  South  Sea 
islands.  Great  secrecy  is  maintained  as  to  the  quantity  of  phosphate 
existing  on  the  island.  It  has  been  assumed  that  there  is  an  available 
tonnage  of  high-grade  rock  amounting  to  8,000,000  tons,  but  this  estimate 
is  not  considered  authoritative. 

Curagao  {Dutch  West  Indies) 

After  a  suspension  lasting  approximately  20  years,  the  reorganized 
Curagao  Phosphate  Mining  Co.  began  operations  in  June,  1913,  at  its 
Santa  Barbara  mines,  shipped  its  first  cargo  in  October,  and  is  pushing 
business  now.  The  phosphate  goes  to  Germany  and  England.  About 
200  men  are  employed,  and  in  one  way  or  another  a  considerable  amount 
of  money  is  left  in  the  island  because  of  the  industry." 

Ciu-agao  produces  the  same  high  grade  of  phosphate  rock  as  do  the 
South  Sea  Islands.  It  is  reported  that  there  came  from  this  island  in 
1914  about  100,000  tons  of  phosphate  rock  averaging  85  to  90  per  cent. 
calciiun  phosphate.  The  mining  of  such  high-grade  deposits,  which  will 
tend  to  increase  as  time  goes  on,  owing  to  the  opening  of  the  Panama 
Canal,  may  to  a  certain  extent  influence  the  export  trade  of  Florida,  but 
should  at  the  same  time  tend  to  conserve  these  deposits  for  future  use. 

Chile'* 

A  large,  rich  deposit  of  phosphate  has  been  discovered  in  the  valley 
of  the  Huasco  River,  about  300  miles  north  of  Valparaiso.  Government 
engineers  are  preparing  a  report  thereon,  and  it  is  considered  of  much 
importance,  since  the  use  of  phosphate  on  the  farms  of  Chile  is  increasing 
rapidly,  with  good  results.    In  1905,  only  3,726  metric  tons  were  con- 

»«  Consul  Elias  H.  Cheney:  U.  S.  Daily  Consular  and   Trade   Reports,    p.  369 
(April  20,  1914). 

M  U.  S.  Daily  Constdar  and  Trade  Reports,  p.  1560  (June  15,  1914). 
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sumed  in  Chile,  against  20,000  metric  tons  for  1912.  The  Government 
railways  give  a  reduction  of  30  per  cent,  on  transportation  charges  for 
fertilizers. 

Available  Foreign  Reserves 

From  the  recent  available  data,  it  is  evident  that  the  foreign  reserves 
of  phosphate  are  very  large,  but  apparently  they  are  not  so  large  as  those 
within  the  United  States.  It  must  be  remembered,  however,  that  the 
north  African  deposits,  which  are  thought  to  extend  eastward  across 
Arabia,  into  Persia,  have  not  been  explored  suflSciently  to  know  even 
approximately  what  their  real  magnitude  is.  The  Algerian  deposit^i 
those  considered  in  some  detail  in  this  report  and  in  a  former  report  by 
the  writer,''  are  apparently  low-grade,  but  the  apparent  tonnage  runs 
up  into  the  hundreds  of  millions.  The  high-grade  rock  of  the  South 
Sea  Islands  is  estimated  approximately  at  70,000,000  tons. 

»*  W.  C.  Phalen:  Production  of  Phosphate  Rock  in  1913,  U.  S,  Otolcgical  Swvn^ 
Mineral  Resources  of  the  United  States  1913,  Pt.  II,  pp.  273-289  (1914). 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  RBYISIOy] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ghould  preferably  be  jyreeented  in  perw>n  at  the 
New  York  meeting,  February,  1917,  when  an  abstraet  of  the  paper  will  be  read.  If  this  ie  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor.  American  Institute  of  Mining  Engineers,  29  West 
30th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  dose  April  1, 1017.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Geology  and  Ore  Deposits  of  Mohave  County,  Arizona* 
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Introduction 

The  present  sketch  is  submitted  by  request  in  the  hope  that  it  may 
serve  as  a  basis  for  geologic  discussion  of  the  mining  camps  in  Mohave 
County,  which  is  experiencing  a  marked  revival  of  activities. 

The  region,  conmionly  known  as  the  Mohave  district  and  Eongman 
district,  lies  in  western  Arizona  in  the  southern  part  of  Mohave  County, 
bordering  California  and  Nevada  on  the  west  (Fig.  1).  Kingman,  the 
principal  town,  is  situated  near  the  center  of  the  area  on  the  Atchison, 
Topeka  &  Sante  Fe  Transcontinental  Railway. 

This  region  is  composed  of  naked  desert  ranges  of  mountains  and 
broad  detritus-filled  valleys,  the  southern  extension  of  the  characteristic 
topography  of  the  Great  Basin.  In  altitude  it  varies  from  500  ft.  in  the 
southwest  to  8,300  ft.  on  Hualpai  Peak  southeast  of  Kingman. 

The  mountains  trend  north-northwest.  They  rise  about  3,000  ft. 
above  the  valleys,  are  generally  rugged  and  were  formed  mainly  by  ero- 
sion. They  are  composed  in  the  main  of  a  complex  of  pre-Cambrian 
granitoid  rocks  which  underlies  the  area  as  a  whole.  Like  the  valleys, 
they  average  about  10  miles  in  width.  Beginning  on  the  east,  they  are  the 
Grand  Wash  Cliffs,  the  Cerbat  Range,  the  Black  Mountains  or  River 
Range,  and  the  Eldorado  Range. 

The  upper  or  dominantly  cliff  half  of  the  Grand  Wash  Cliffs,  marking 
the  edge  of  the  Colorado  Plateau,  is  composed  of  nearly  horizontal  sedi- 
mentary Paleozoic  strata  of  the  Grand  Canyon  section,  and  the  lower 
half  of  the  underlying  pre-Cambrian  complex. 

The  Cerbat  Mountains  situated  in  the  central  part  of  the  area,  and  the 
Black  Mountains  situated  between  Detrital-Sacramento  Valley  on  the 
east  and  Mohave  Valley,  the  great  trough  of  the  Colorado  River,  on  the 
west,  are  locally  flanked  or  overlain  by  Tertiary  volcanics  (Fig.  2).  The 
latter  consist  of  five  groups  of  mountains  of  which  the  most  important  is 
the  Black  Mesa  group  on  the  south. 

The  Eldorado  Range,  rising  from  the  great  trough  of  the  Colorado  on 
the  west  and  containing  Searchlight,  Eldorado  Canyon,  and  other  camps, 
is  topographically  and  geologically  similar  to  the  Black  Mountains. 

Geology  op  the  District^ 

The  rock  groups  beginning  with  the  oldest  are  the  pre-Cambrian  com- 
plex, Paleozoic  sediments,  pre-Tertiary  intrusives,  Tertiary  volcanics, 
and  Tertiary  (?)  and  Quaternary  sediments  (Fig.  1).  The  first  and  third 
of  the  divisions  named  are  the  most  important. 

The  pre-Cambrian  complex  consists  of  gray  gneissoid  granites,  coarse, 

^  A'  fuller  description  of  the  rocks  appears  in  Bulletin  No  307,  U,  S.  Geologicai 
Survey  (1909). 
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porphyritic  granitoids  and  their  related  schists,  all  of  igneous  origin  and 
with  varying  degrees  of  metamorphism.    It  is  traversed  by  a  schistose 
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structure  trending  N.  30°  E.,and  contains  nearly  all  the  mineral  deposits 
of  the  Cerbat  Range  and  Grand  Wash  Clififs. 

The  Tertiary  (?)  and  Quaternary  sediments  consist  of  several  placer 
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1^'^  gold-bearing     detrital    formations    or 

as  "wash's  locally  2,000  ft.  in  thickness, 

?^S  partially  filling  the  intermontane  valleys. 
•I-S  Locally  intruding  the  pre-Cambrian 

2  S  rocks  are  pre-Tertiary  igneous  masses 

'|1  and  dikes  thought  to  be  of  late  Jiutissic 

•f^  or  early  Cretaceous  age.    They  occur 

^'S  chiefly  in  the  Cerbat  Mountains  and  are 

-|  g  connected  with  the  genesis  of  the  de- 

^  o>  posits.    The  most  important  are  granite 

©V  porphyry,  a  light  gray  mediiun-grained 

^1  rock,  and  lamprophjoic  rocks,  the  latter 

^^  occurring    mainly    as    dark,    comple- 

^^  mentary,  narrow  dikes  accompanying 

•f-S  the  acidic  intrusives. 
^  00  The  Tertiary  volcanics  consist  mainly 

^'s  of  andesites,  trachytes,  rhyolites,   and 

I J  latites,   lying   in   broad   superimposed 

•^  I  sheets,  flows  and  beds  locally  aggregate 

I  «)  ing  3,000  ft.  in  thickness  (Fig.  2) .     They 

•H  §  are  best  developed  in  the  Black  Moun- 

^  ^  tains,  particularly  in  the  southern  part 

I  -  ,  (Fig.  3).     They  contain  most  of  the 

ga  •§  mineral  deposits  of  the  range  and  played 

o^ I  an  important  part  in  their  genesis. ] 

Ore  Deposits  of  the  District 

General  Description 

The  discovery  of  mineral  and  the 
beginning  of  mining  in  the  Mohave  axea 
date  from  the  finding  of  ore  at  the  Nf  oss 
mine,  4  miles  northwest  of  Gold  Road 
in  the  early  sixties.  From  1904  to  1914* 
the  production  was  nearly  $16,000,000, 
of  which  $11,500,000  is  in  gold,  nearly 
all  derived  from  the  Tom  Reed  and 
Gold  Road  mines.  Besides  gold  and 
silver,  zinc,  lead,  copper,  tungsten, 
molybdenum,  and  bismuth  are  pro- 
duced. The  distribution  of  the  districts 
or  camps,  about  30  in  number,  is  shown 
in  Fig.  4. 


•  Mineral  Resources,' JJ ,  S,  Geological  Survey,  1904-1914. 
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The  deposits  are  contained  in  two  distinct  groups  of  fissure  veins. 
The  first  group  consists  of  the  veins  of  the  Cerbat  Range  which  occur 
chiefly  in  the  pre-Cambrian  rocks  and  are  genetically  connected  with 
the  Mesozoic  intrusives,  especially  granite  porphyry  and  lamprophyric 
rocks.  They  are  quartz  fissure  veins  in  which  the  quartz  carries  prin- 
cipally silver  but  also  gold  and  ores  of  the  other  aforenamed  metals.  They 
were  deposited  in  depth  by  hot  waters.  Their  deep-seated  character 
and  close  association  with  the  major  geologic  structures  indicate  continu- 
ity in  depth.  They  seem  likely  to  continue  productive  long  after  the 
gold  deposits  now  attracting  so  much  attention  in  the  volcanic  rocks  of 
the  Black  Mountains  shall  have  become  exhausted.  Oxidation  extends 
to  depths  of  about  300  ft.  At  present  the  sulphide  ores  are  principally 
utilized^  though  the  rich  secondary  oxidized  silver  ores  furnished  most  of 
the  early-day  production. 

The  second  group  comprises  the  veins  of  the  Black  Moimtains  which 
occur  chiefly  in  the  Tertiary  volcanic  rocks  and  whose  filling  besides 
quartz  includes  calcite,  adularia,  and  fluorite.  They  are  deeply  oxidized. 
The  valuable  constituent  is  almost  wholly  free  gold. 

The  Cerbat  Mountains  Group 

General  Description. — The  deposits  of  the  Cerbat  Mountains  are  mostly 
located  at  from  9  to  20  miles  north  of  Kingman.    Their  production  for 
the  year  1915,  according  to  the  Chloride  Mining  Bureau,  is  $3,000,000. 
They  occur  in  two  sets  of  well-defined  fissure  veins,  with  steep  dip-form- 
ing conjugate  systems,  one  striking  about  N.  20°  W.,  parallel  with  the 
dominant  jointing,  and  the  other  N.  60°  W.  perpendicular  to  the  schis^os- 
ity  of  the  rocks.     Many  of  the  veins  have  a  length  of  nearly  a  mile.  The 
structure  is  irregularly  massive.    Among  the  primary-ore  minerals,  the 
most  important  are  pyrite,  chalcopyrite,  arsenopyrite,  galena,  and  sphal- 
erite; more  rarely,  molybdenite,  gold-silver  telluride  and  stibnite.    The 
decrease  in  galena  and  increase  in  pyrite  noted  in  the  lower  levels,  suggests 
a  gradual  change  in  the  primary  filling.    Silver  and  lead  predominate  in 
the  Chloride,  Mineral  Park,  and  Stockton  Hill  districts;  gold,  zinc,  and 
silver  in  the  Cerbat  district.    The  primary  ore  is  leaner  in  gold  and  silver 
than  tbe  oxidized  ore,  and  many  mines  which  near  the  surface  were  silver 
mines,  with  increase  in  depth  carried  more  lead,  and  at  still  greater  depths 
have  become  cupriferous.     The  so-called  "copper  belt"  of  the  area  ex- 
tends from  Mineral  Park  northwestward  toward  Chloride  for  a  distance  of 
several  miles.     It  contains  the  Pinkham  and  Midnight  copper  mines,  and 
in  the  Mineral  Park  end  of  the  belt  a  recently  discovered  "copper  por- 
phyry "  deposit  which  is  attracting  attention. 

The  water  level  is  found  at  a  maximum  depth  of  about  400  ft.    In 
general,  the  ores  above  the  water  level  are  oxidized,  but  in  many  places 
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Fig.  3 a. — Tom  Rbed   Mine  and  Vicinity,  Looking  Northeast  (in  1907).    Dar 


BulUUn  397.  U.  8.  Geological  Survey.  \ 

Fig.  3B, — Foothills  of  Green  Chloritic  Andbsite,  Looking  East  from  Leus\ 

Ranqx,  4  Miles  Dx^ 
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Volcanic  Rocks  of  Hangb  in  Background,  Intbxtdbd  bt  Liqht-colobed  Rhtolitb. 


dixB.      Minus  Near  Vivian,  and  Green  Chloritic  Andesitb  in  Foreground;  Main 
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{e.g.,  in  the  Tennessee  vein)  galena,  and  also,  locally,  pyrite,  appears  near 
the  surface  in  association  with  oxidized  ores.  In  a  few  mines  oxidized 
ores  are  found  below  water  level,  but  not  to  great  depth.    The  secondary, 
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3o  miles 


Btt2Z«feft  397.  XJ.  8.  Geological  Suney. 

¥iQ.  4. — Map  Showing  Mining  Camps  in  thb  Mohavb  County  Mining  Rbgiok, 

Arizona. 

or  oxidized  ores,  consist  chiefly  of  native  silver,  horn  silver,  and  cerusite. 
Ruby  silver  and  argentite  are  ako  present  with  oxidized  ore,  but  do  not 
occupy  any  well-defined  zone  between  the  oxidized  and  primary  ores. 
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Many  of  the  oreshoots  coincide  with  intersections  or  forkings  of  veins. 
Good  examples  were  noted  in  the  Pinkham,  Elkhart,  Rainbow,  Pay  Roll, 
and  Tennessee  mines. 

Tennessee  Mine. — In  the  Chloride  district,  a  dozen  or  more  mines  are 
opened  to  depths  of  200  to  1,000  ft.  or  ihore,  and  expose  large  quantities 
of  good  gold-silver  and  other  ores.  Among  them  the  Tennessee  mine, 
situated  a  mile  east  of  Chloride  and  owned  by  the  United  States  Smelting, 
Refining  &  Mining  Co.,  has  long  been  one  of  the  greatest  lead-zinc  pro- 
ducing properties  of  the  State.  It  is  credited  with  a  present  monthly 
production  of  $150,000.  It  has  good  orebodies  on  the  400,  800,  900, 
1,000,  1,200,  and  1,400-ft.  levels,  the  last-named  being  the  present  limit 
of  development.  During  a  considerable  portion  of  the  time  in  recent 
years  it  has  shipped  about  200  tons  of  ore  daily,  mostly  to  Needles.  The 
present  daily  output  is  said  to  be  about  300  tons,  mostly  from  the  1,170, 
700  and  600-ft.  levels. 

The  mine  is  on  the  Tennessee  vein,  which  is  regarded  as  a  part  of  the 
great  lead-bearing  "lode"  on  which  the  Schuylldll  and  Elkhart  mines 
to  the  north  are  situated.  The  vein  is  12  ft.  or  more  in  width,  and  is 
locally  banded.  It  dips  about  68*^E.  in  pre-Cambrian  gneiss,  with  granite 
and  schist  near  by  and  a  pegmatite  footwall  reported  in  the  lower  levels. 
The  orebodies  which  occur  as  lenses  in  the  vein  average  about  6  ft.  in 
width.  The  ore  consists  mainly  of  galena  and  blende,  but  carries  a  fair 
amount  of  silver  and  some  gold  and  copper.  At  present  the  zinc  ore  is 
shipped  to  the  company's  smelter  at  Bartlesville,  Okla.,  and  the  lead  ore^ 
to  Midvale,  Utah. 

The  mine  has  been  productive  almost  from  the  surface  down.  From 
between  the  surface  and  the  400-f t.  level,  thousands  of  tons  of  rich  galena 
ore  have  been  shipped.  Here  the  main  oreshoot  had  a  horizontal  extent 
of  about  250  ft.,  and  in  places  was  15  ft.  in  width.  On  the  400-ft.  level, 
an  orebody  21  ft.  in  width  with  5  in.  of  pure  galena  was  mined  for  the 
distance  of  about  40  ft.  From  the  fourth  to  the  fifth  level  there  was  a 
predominance  of  blende,  but  from  the  fifth  to  the  sixth  level  galena  in- 
creased to  the  proportion  f  oxmd  in  the  upper  part  of  the  mine. 

The  500-ft.  level  contained  good  ore  for  a  distance  of  800  ft.,  and  the 
raise  from  it  showed  12)^  ft.  of  almost  pure  galena.  On  the  600-ft.  level, 
the  vein  contained  about  10  ft.  of  good  ore.  Besides  the  aforedescribed 
deposits,  large  bodies  of  good  zinc  ore,  some  12  ft.  in  width,  on  the  200-ft. 
and  500-ft.  levels,  have  been  left  standing  in  the  mine.  According  to 
recent  reports  there  has  just  been  opened  up  on  the  1170-  and  1400-ft. 
levels  fine  bodies  of  ore  averaging  about  25  per  cent,  each  in  lead  and  zinc. 
The  body  on  the  1,170-ft.  level  has  an  average  width  of  8  ft.  and  a  known 
horizontal  extent  of  250  ft. 

Midnight  Mine. — The  Midnight  mine,  located  about  2  miles  south  of 
Chloride,  and  adjoining  the  Pinkham  mine,  is  said  to  have  been  recently 
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purchased  by  Salt  Lake  parties  for  $250,000.  It  has  produced  consider- 
able high-grade  copper  ore,  which  contained  also  important  amounts  of 
silver  and  gold.  It  is  opened  to  the  depth  of  300  ft.  and  is  said  to  have 
25,000  tons  of  pay  ore  blocked  out  in  the  workings,  including  workable 
bodies  of  relatively  pure  zinc  ote.  On  the  200-ft.  level,  where  the  lode 
is  40  ft.  in  width,  the  average  zinc  content  is  15  per  cent. 

Mineral  Park. — ^The  copper  porphjrry  deposit  recently  discovered  near 
Mineral  Park  and  owned  by  the  Copperfield  Copper  Porphjrry  Co.,  occurs 
in  "porphjrry"  which  seems  to  be  the  intrusive  granite  porphyry  afore- 
described,  the  abundant  source  of  mineralization  in  this  part  of  the  field. 
The  deposit  is  said  to  have  a  width  of  1,000  ft.  and  a  length  of  3^  mile.  It 
contains  seams  and  small  bodies  of  chalcocite  and  native  copper  dissemi- 
nated through  the  porphyry,  which,  throughout  the  greater  portion  of  a 
160-ft.  crosscut  tunnel,  carries  from  3  to  30  per  cent,  of  copper,  with  a 
width  of  6  ft.,  averaging  25  per  cent.  The  deposit  is  reported  to  contain 
by  estimate  100,000  tons  of  5  per  cent.  ore.  Ore  removed  in  doing  develop- 
ment work  is  reported  being  shipped  to  the  Humboldt  smelter. 

Golconda  Mine, — The  deposits  of  the  Golconda  mine  operated  by  the 
Union  Basin'Mining  Co.,  in  the  Cerbat  district,  occur  chiefly  in  the  Gol- 
conda vein  in  the  pre-Cambrian  complex  and  seem  to  be  associated  with 
the  Mesozoic  intrusives.  They  have  produced  from  essentially  surface 
workings  several  hundred  tons  of  rich  ore  containing  chiefly  gold,  silver, 
and  lead  with  some  copper  and  zinc.  The  drift  on  the  300-ft.  level  is 
said  to  have  been  driven  200  ft.  on  a  4-ft.  oreshoot  that  averaged  about 
50  per  cent,  of  zinc,  and  more  recently  the  mine  is  reported  to  be  daily 
shipping  to  Bartlesville  about  100  tons  of  high-grade  zinc  ore  on  which 
net  returns  of  9  c.  per  pound  of  zinc  is  realized.  Some  ore  averaging 
about  $12  to  the  ton  is  also  treated  in  a  30-ton  oil-flotation  plant  at  the 
mine.     The  present  monthly  production  is  said  to  be  about  $250,000. 

The  mine  is  reported  to  have  commercial  ore  on  the  1,100-ft.  level  and 
a  large  amount  of  good  ore  in  all  other  levels.  The  present  production  is 
derived  mainly  from  the  800-ft.  level.  On  the  900-ft.  level,  the  oreshoot 
has  a  known  extent  of  850  ft.  and  a  large  tonnage  of  high-grade  ore  is 
being  stoped.  From  this  level  a  crosscut  is  being  extended  to  the  Tubb 
vein  which  parallels  the  Golconda  vein  120  ft.  distant  on  the  west  and  has 
produced  considerable  lead-silver  ore.  On  the  700-ft.  level,  the  stapes 
are  working  in  a  12-ft.  shoot  of  excellent  milling  ore. 

During  the  year  1915,  the  mine  is  reported  to  have  paid  two  dividends 
of  $85,000  each,  which  is  about  20  per  cent,  on  the  issued  capital,  and 
having  proved  the  continuity  of  the  oreshoot  in  depth  the  company  is 
now  erecting  a  200-ton  oil-flotation  plant  for  treatment  of  zinc  ores. 
There  is  said  to  be  $400,000  worth  of  zinc  in  the  tailings  on  the  diunp  and 
in  the  old  stopes  in  the  mine.  The  mill  will  be  operated  by  electric 
power  supplied  by  the  Desert  Power  and  Water  Co.  from  its  oil-btiming 
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plant  at  Kingman  for  about  $12  per  horsepower  per  month.  The  power 
line  is  also  being  extended  to  Chloride  and  the  Tennessee  mine.  The  in- 
troduction of  electric  power  into  the  Cerbat  Mountain  districts  seems 
likely  to  result  in  production  from  many  mines  now  dormant  but  which, 
like  the  Tennessee  and  Golconda,  are  known  to  contain  workable  deposits. 
The  prospect  of  cheaper  power  in  the  near  future  is  said  to  be  good. 

Other  Ore-bearing  Districts. — ^Deep  development  is  also  being  done  by 
the  Middle  Golconda  Co.  on  the  adjoining  Big  Bethel  and  Silver  claims, 
which  are  beUeved  to  contain  the  north  extension  of  the  veins  of  the  Gol- 
conda mine.  Here  the  main  vein  is  50-ft.  wide  and  contains  much  good- 
grade  zinc  ore. 

A  few  miles  to  the  east,  the  Arizona-Butte  Mines  Co.  is  building  a 
very  complete  mill  to  treat  zinc-lead-gold-silver  ores  of  the  Banner  and 
other  Stockton  Hill  mines. 

South  of  Kingman  in  the  Yucca,  Cedar  Valley,  and  Aquarius  Cliffs 
districts,  respectively,  plants  are  in  operation  producing  concentrates  of 
tungsten,  molybdenum  and  bismuth  ores. 

Lost  Basin  District. — In  concluding  remarks  on  the  eastern  part  of 
the  region,  attention  is  here  called  to  certain  copper  deposits  known  for  a 
decade  or  more  in  the  Lost  Basin  district  on  the  northeast.  The  occur- 
rence of  these  deposits  on  the  trend  of  the  great  northwest-southeast  min- 
eraUzation  belt  of  Arizona  which  contains  Bisbee,  Ray,  Globe,  Prescott, 
Jerome,  and  other  important  districts,  and  under  similar  geologic  condi- 
tions as  productive  deposits  in  most  of  those  districts,  seems  to  render 
them  worthy  of  mention  at  this  time. 

With  a  width  of  about  9  miles,  the  Lost  Basin  district  extends  from  the 
Colorado  River  at  the  mouth  of  the  Grand  Canyon  southward  in  the 
Grand  Wash  Cliffs  for  the  distance  of  about  20  miles,  with  Hualpai  Wash 
roughly  forming  the  western  boundary.  The  topography  is  mostly 
rugged.  The  country  rock  consists  of  the  pre-Cambrian  granitic  com- 
plex, which  here  is  considerably  schistose,  and  the  overlying  Paleozoic 
sediments  of  the  Grand  Canyon  section  (Aubrey  group,  Redwall  lime- 
stone and  Tonto  group). 

Important  gold-  and  silver-bearing  veins  occurring  mostly  south  of 
the  middle  part  of  the  belt  in  the  pre-Cambrian  rocks  have  long  been 
worked  from  time  to  time,  and  some  are  now  producing.  They  strike 
about  north.  Their  ores  are  fine  in  texture  and  are  excellent  cyaniding 
ores. 

The  copper  deposits  extend  from  the  middle  of  the  belt  eastward 
nearly  to  the  summit  of  the  Grand  Wash  Cliffs  and  edge  of  the  Colorado 
Plateau.  They  consist  of  copper-bearing  quartz  veins  and  lodes  which 
trend  northwest-southeast,  some  being  exposed  by  erosion  through  a 
vertical  range  of  several  hundred  feet  or  more.  They  occur  chiefly 
in  the  granitic  rocks,  but  some  of  them,  notably  on  the  east,  are  in  the 
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Paleozoic  limestone  and  other  sediments.  The  croppings  are  prominent 
and  some  are  extensive.  They  consist  principally  of  masses  of  brown  and 
blackish  iron,  copper  and  manganese-stained  quartz  containing  malachite 
and  azurite.  Some  of  the  ore  is  reported  to  assay  from  17  to  20  i>er  cent, 
in  copper  and  to  contain  also  gold  and  silver. 

The  Black  Mountains  Group 

The  deposits  of  the  Black  Mountains  are  mostly  on  the  western  slope 
of  the  range.  They  occur  in  well-defined  fissure  veins,  but  differ  in  most 
respects  very  markedly  from  those  of  the  Cerbat  Range.  They  are 
found  chiefly  in  the  Tertiary  volcanic  rocks,  and  belong  to  the  great  group 
of  deposits  f oimd  in  this  class  of  rocks  throughout  the  West. 

Until  recently  the  most  favorable  ore  horizon  was  regarded  as  in  the 
green  chloritic  andesite  and  the  undifferentiated  volcanics,  with  profitable 
though  subordinate  deposits  occurring  also  in  the  upper  rhyolitic  series. 
Recent  developments,  however,  seem  to  indicate  that,  in  the  Tom  Reed- 
Gold  Road  district  at  least,  the  main  ore  zone  probably  extends  to  a 
deeper  horizon,  in  the  so-called  older  andesite  or  still  lower  rocks. 

The  veins  in  general  trend  northwest-southeast  with  steep  northeast 
dip.  They  are  fairly  regular,  but  the  walls  are  usually  rough,  broken  and 
frequently  full  of  stringers  branching  off  from  the  vein.  There  is  a  general 
absence  of  fluccan  or  gouge.  The  gangue  primarily  was  mainly  calcite 
and  dolomitic  carbonates,  but  these  minerals  have  largely  been  replaced 
by  quartz  and  adularia,  a  variety  of  orthoclase  free  from  sodium,  semi- 
translucent  and  which  is  so  intimately  intercrystallized  with  the  quartz 
that  it  is  not  recognizable  to  the  eye.  The  gangue  contains  also  many 
inclusions  of  brecciated  altered  country  rock. 

A  striking  feature  of  the  gangue  in  many  places,  particularly  in  the 
Tom  Reed-Gold  Road  district,  is  its  characteristically  laminated  or  platy, 
bladed  and  cellular  structure,  pseudomorphic  after  calcite,  barite  or  other 
spar  in  which  many  contiguous  or  connecting  plates  are  variously  ar- 
ranged. This  material  is  aptly  termed  by  the  miner  "fish-scale  quartz," 
from  the  adjacent  plates  partly  overlapping  one  another.  The  plates 
range  from  minute  up  to  an  inch  in  diameter  and  from  the  thickness 
of  paper  to  ^o  i^*  ^  thickness.  Much  of  the  quartz  intimately  asso- 
ciated with  the  better-grade  ore  is  of  greenish  or  yellowish-green  color 
and  waxy  luster,  which  has  led  to  inquiry  concerning  the  source  of  the 
color.  The  cause  of  the  color  is  not  definitely  known,  nor  easy  to  deter- 
mine. From  preliminary  tests  it  seems  to  be  mainly  silicates  of  iron, 
manganese,  and  perhaps  other  minerals,  chlorite,  actinolite,  rhodonite, 
dioptase,  etc.,  which  may  be  an  important  source  of  the  black  iron  and 
manganese  oxides  common  as  stain,  small  bodies  and  pockets  in  the  crop- 
pings and  more  oxidized  ores.    It  is  noticeable  that  the  greenish  quarts 
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occurs  more  frequently  in  a  erustified  or  banded  form  than  does  the  uncol- 
ored  gangue^  which  method  of  forming  more  readily  favors  the  entering  of 
various  salts  and  minerals  into  its  composition.  In  the  Miller  mine  on  the 
Hardy  vein,  2  miles  west  of  Gold  Road,  the  greenish  color  of  the  quartz 
seems  to  be  due  largely  to  fluorite  which  is  present  in  considerable  quan- 
tity in  the  vein,  much  of  it  being  replaced  by  quartz. 

The  deposits  seem  to  have  been  formed  near  the  surface  by  thermal 
solutions  which  circulated  through  the  lavas  at  the  close  of  igneous  activ- 
ity. They  seem  to  belong  to  the  late  Tertiary  epoch  of  metallization. 
They  are  oxidized  to  depths  of  600  to  700  ft.  and,  as  a  rule,  contain  Uttle  or 
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Fig.  6. — Gold  Road  Minb,  Main  'Shaft  Looking  South. 
Silicified  lode  and  vein  wall  croppings  on  both  sides.     Edges  of  heavy  flows  of 
volcanic  rocks  in  left  background. 

no  sulphides.  Gold  is  almost  exclusively  the  valuable  constituent, 
usually  no  base  metal  being  present.  The  gold  as  a  rule  is  free,  but  occurs 
in  very  minute  particles  and  is  best  recovered  by  the  cyanide  process. 
Gold  telluride  is  reported  from  a  few  mines. 

There  is  no  gossan  nor  iron  hat  in  the  outcrops  of  the  veins.  In 
general,  the  veins  weather  in  relief  only  where  the  filling  consists  chiefly 
of  quartz  or  a  mass  of  cemented  silicified  rock.  There  the  croppings  form 
prominent  reefs.  Likewise,  the  vein  walls  are  frequently  strongly  silici- 
fied and  hardened  with  the  result  that  they  too  weather  in  forms  rising  to 
heights  of  20  ft.  or  more  above  the  surface  and  extending  for  considerable 
distances  as  seen  at  the  Gold  Road  mine,  Fig.  5.     This  hardened  wall 
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rock,  or  so-called  ''ledge  matter/'  is  sometimes  netted  by  stringers* of 
quartz  branching  off  from  the  vein.  It  denotes  arresting  or  damming 
back  of  copious  mineral-bearing  solutions  that  circulated  at  the  locality, 
and  generally  indicates  workable  deposits  in  the  adjacent  underlying 
portion  of  the  vein  as  described  later  under  the  Gold  Road  mine.  Many 
of  the  deposits,  as  exemplified  by  the  Tyro,  the  Gold  Road,  and  other 
veins,  carry  relatively  unimportant  values  near  the  surface. 

Of  the  ten  or  more  districts  in  the  range  the  most  important  is  the 
Tom  Reed-Gold  Road  district. 

Tom  Rebd-Gold  Road  District 

Oenerdl  Description 

The  Tom  Reed-Gold  Road  district  lies  about  25  miles  southwest  of 
Kingman,  mainly  on  the  west  slope  of  the  range.  In  keeping  with 
present  usage,  the  term  as  here  used  comprises  what  was  formerly  known 
as  the  Gold  Road  and  Vivian  districts,  and  the  area  is  approximately 
co-extensive  with  the  southern  part  of  the  San  Francisco  district  of  early 
days.  The  district  has  a  north-south  length  of  about  10  miles  and  a 
width  of  6  miles.  The  principal  camps  and  centers  of  activity  are  Oat- 
man,  the  settlement  of  the  Tom  Reed  and  neighboring  mines,  situated  in 
the  west  slope  of  the  range  27  miles  from  Kingman,  and  Gold  Road,  2 
miles  north  of  Oatman.  For  more  than  a  year  Oatman  continued  to  be 
the  center  of  attraction  in  the  Southwest. 

Mineral  was  first  discovered  in  the  district,  as  aforedescribed  for  the 
Mohave  County  region,  in  the  early  sixties  at  the  Moss  mine  4  miles 
northwest  of  Gold  Road.  The  mine  soon  produced  $240,000,  in  gold 
from  rich  surface  ore. 

Production  in  the  district  has  continued  more  or  less  steady  since  the 
discovery  of  the  Gold  Road  mine  in  1902.  Recently  discoveries  in  the 
Tom  Reed  mine  and  vicinity  have  been  attracting  attention  to  the  dis- 
trict, with  the  result  that  the  value  of  the  plants  and  machinery  now  in- 
stalled at  the  various  mines  is  said  to  aggregate  nearly  $2,000,000. 
Some  50  odd  plants  are  in  operation.  The  greater  portion  of  them 
have  been  installed  since  the  first  of  the  year  1915,  during  which 
time  nearly  200  companies  have  been  organized  to  operate  in  the 
district,  of  which  150  are  fully  equipped  and  most  of  the  others 
are  receiving  machinery.  Thirty  or  more  properties  hitherto  dor- 
mant have  become  active,  and  the  population,  which  is  gathered 
from  all  the  mining  camps  in  the  West,  has  increased  from  600  to 
more  than  7,000  and  is  gradually  increasing.  Oatman,  which  is  said 
to  recall  Goldfields'  boom,  is  described  as  a  well-equipped,  substantial 
town,  a  cleanly,  orderly,  model  camp,  where  living  is  such  as  one  expects 
to  find  only  in  large  towns.     It  is  electrically  lighted,  has  three  news- 
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papers,  schools,  churches,  a  stock  exchange,  and  well-stocked  stores  and 
business  houses  of  all  kinds.  It  is  rapidly  becoming  the  outfitting  center 
for  a  large  territory  containing  many  new  districts  for  a  distance  of  nearly 
100  miles  north  and  south  along  the  range.  Wildcatting  is  checked 
by  the  laws  of  Arizona. 

Owing  to  the  demand  for  building  space,  a  new  camp.  Old  Trails,  has 
grown  up  in  the  broad  wash  south  of  Oatman  and  there  are  a  dozen  other 
surrounding  town  sites  and  additions.  Mail,  passenger,  and  express 
service  is  by  automobile  chiefly  from  Kingman.  A  similar  service  exists 
between  Oatman  and  Needles,  20  miles  distant  on  the  southwest,  in  which 
the  Colorado  is  crossed  by  boat.  Freight  is  delivered  in  the  district  at 
a  cost  of  $11.50  per  ton  by  motor  truck,  road  locomotive,  and  mountain 
tractor  from  Kingman,  and  from  Topock,  formerly  Mellen,  located  25 
miles  distant  at  the  east  end  of  the  railroad  bridge  crossing  the  Colorado. 
Early  construction  of  a  branch  railroad  from  Topock  to  Oatman,  which  is 
quite  feasible,  is  reported  under  consideration. 

Good  water  for  domestic  use  is  pumped  from  neighboring  springs 
found  mostly  in  the  porous  rhyolite  tuflf  or  water  rock.  Seemingly,  ample 
water  for  milling  purposes  is  being  found  in  deep  mining.  It  also  is 
palatable,  being  suitable  for  domestic  and  all  other  purposes.  Should 
an  additional  'water  supply  be  required,  it  can  be  piunped  from  the 
Colorado  River  14  miles  distant,  preferably  from  wells  sunk  in  the  gravel 
beds  on  the  bank  of  the  river.  For  this  purpose,  it  is  said,  a  company  is 
being  organized. 

Development 

With  a  capitalization  of  more  than  $53,000,000,  operations  are  being 
actively  prosecuted  by  125  separately  organized  mining  corporations 
and  the  activity  seems  to  be  warranted  by  substantial  results  of  nearly 
all  deep  development.  More  than  half  of  the  companies  now  in  the  field 
are  sinking  or  prepared  for  deep  mining.  Ten  have  good  milling  ore 
opened  up  and  four  have  large  producing  mines  of  proven  merit.  Mining 
operations  are  steadily  increasing  in  volume  and  area;  more  than  2,200 
miners  are  actually  employed  in  the  district  and  more  than  $25,000  per 
day  is  being  expended  for  wages  and  equipment. 

The  approved  method  of  prospecting  is  sinking  to  depths  of  300  to 
500  ft.  and  then  crosscutting  and  drifting.  Practically  no  surface  work 
is  carried  on.  Gas-engine  hoists,  compressors,  and  Jackhamer  drills  are 
the  usual  equipment.  Usually  also  much  lateral  development  must  be 
done  before  pay  ore  in  large  quantities  is  found  and  the  mine  proved. 
The  automobile,  a  prominent  feature  in  the  present  activity,  has  taken 
the  place  of  the  burro  in  prospecting. 

The  cost  of  mining  and  milling  is  about  $6  per  ton,  of  which  $1.25 
is  for  power.    The  power  at  the  larger  mines  is  electric  power  suppUed 
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by  the  oil-burning  plant  at  Kingman.  At  the  Gold  Road  mine^  treating 
200  tons  of  ore  daily,  the  best  record  obtained  for  mining  and  miUing  is 
reported  to  be  slightly  less  than  $3  per  ton.  .At  the  Tom  Reed  mine, 
however,  where  20  stampfi  are  used,  the  cost  is  about  $6.  There  is  said 
to  be  no  profit  in  treating  $5  ore  in  the  district  on  a  small  scale.  Both  the 
Gold  Road  and  Tom  Reed  mines  treat  their  ore  by  the  cyanide  process, 
and  have  installed  the  counter-current  decantation  system. 

From  what  has  been  said  of  the  Tjrro  and  Gold  Road  veins,  and  from 
the  large  number  of  other  widely  distributed  profitable  orebodies  being 
found  at  depth  and  the  cost  of  mining  and  milling,  this  is  not  a  camp  for 
the  small  operator  but  seems  rather  to  offer  encouraging  possibilities  for 
capital  to  engage  in  deep  mining.  The  district  has  received  the  approval 
of  many  eminent  mining  engineers,  a  niunber  of  whom  have  become 
investors  there  and  are  now  directors  in  some  of  the  larger  companies. 

Topography 

The  district  lies  mainly  in  the  Black  Mesa  Mountains,  which,  with  an 
average  elevation  of  4,000  ft.,  extend  from  Gold  Road  20  miles  southward 
to  the  end  of  the  range  east  of  Needles.  Their  rugged  forms  are  due  chiefly 
to  deep  dissection  of  a  huge  volcanic  plateau  known  as  Black  Mesa. 

The  district  ranges  in  elevation  from  2,000  ft.  on  the  west  and  about 
3,000  ft.  on  the  east  to  4,500  ft.  at  the  top  of  the  range.  The  range  por- 
tion, which  is  about  4  miles  in  width,  is  marked  by  deep  canyons,  steep 
slopes,  and  peaks.  In  a  horizontal  distance  of  about  \}^  miles,  the  sur- 
face declines  from  the  elevation  of  4,500  ft.  at  the  crest  to  2,500  ft.  on 
Silver  Creek  just  below  Gold  Road.  The  edges  of  the  harder  lava  beds 
present  steplike  cliffs  (Fig.  3  A). 

.The  principal  outliers  are  the  Hardy  Mountains,  a  group  of  hills 
situated  about  3  miles  west  of  Gold  Road.  They  are  about  3  miles  in 
diameter  and  rise  about  600  ft.  above  the  surrounding  country.  Two 
miles  to  the  north  is  a  smaller  group,  the  Moss  HOls,  while  Leland  Moun- 
tain at  Vivian  represents  similar  features  on  the  southwest. 

Geology 

The  Tertiary  volcanic  rocks  prevail,  particularly  in  the  eastern  or 
range  portion  of  the  district.  They  practically  constitute  the  range,  dip 
gently  eastward  toward  its  axis  and  are  in  places  covered  by  younger 
rhyoUte,  andesite  and  basalt.  In  the  southern  part  the  green  chloritic 
andesite  is  dominant,  while  on  the  west  occur  also  local  areas  of  the  pre- 
Cambrian  gneiss,  younger  granite  porphyry  and  micropegmatite,  green- 
stone agglomerate,  and  overlying  sheets  of  supposed  Tertiary  conglom- 
erate and  younger  gravel  and  lava  flows.  Locally  intervening  between 
the  pre-Cambrian  and  the  overlying  volcanics  are  occasional  renuiantal 
patches  of  tilted  and  metamorphosed  Paleozoic  limestone  and  shale  be- 
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longing  to  the  Grand  Canyon  Section.  These  sedimentary  rocks  are  not 
as  yet  known  to  have  any  bearing  on  the  deposits  or  mining  other  than 
to  indicate  to  the  miner  where  encountered  the  general  lower  linuts  of 
the  volcanics. 

Recent  mine  developments  have  disclosed  the  geology  of  the  ore- 
bearing  volcanics  to  be  more  complicated  and  seemingly  of  more  impor- 
tance to  the  district  from  a  gold-producing  standpoint  than  was  at  first 
supposed. 

In  the  vicinity  of  Vivian,  and  extending  from  there  toward  Oatman, 
occurs  the  older  or  basal  andesite,  which  is  light  gray,  calcitic,  300  ft.  in 
thickness,  and  rests  mainly  on  the  pre-Cambrian  complex  and  Paleozoic 
sediments.  The  older  andesite,  however,  is  not  known  to  be  of  wide 
extent  in  the  district,  a  fact  seemingly  overlooked  by  Bancroft  and  others. 
It  is  seemingly  absent  from  Secret  Pass  where  the  next  higher  rock,  the 
green  chloritic  andesite  rests  directly  upon  the  pre-Cambrian  granite,  and 
from  the  Hardy  Mountains  where  the  green  chloritic  andesite  similarly 
rests  upon  the  Mesozoic  granite  porphyry  or  micropegmatite.'  It  is  not 
known  to  be  present  at  the  Gold  Road  mine,  and  according  to  Sperr^  the 
rock  underlying  the  green  chloritic  andesite  in  the  deep  workings  of  the 
Tom  Reed  mine  does  not  correspond  to  the  older  andesite  described  at 
Vivian.  The  older  andesite  is  imconformably  succeeded  by  another 
series  of  flows,  the  green  chloritic  andesite  which  contains  an  important 
part  of  the  mineral  deposits  in  the  Tom  Reed-Gold  Road  district  (Figs. 
1  and  3jB).  The  flows  aggregate  a  known  thickness  of  800  ft.  The  rock 
consists  mainly  of  a  greenish,  fine-grained  groundmass  containing  abun- 
dant whitish  feldspar  phenocrysts.  It  is  very  chloritic  and  calcitic.  It 
is  intruded  by  black  latite  and  younger  lavas. 

The  intrusive  character  of  the  green  chloritic  andesite  or  rocks  grouped 
with  it  is  well  shown  at  the  head  of  the  wash,  just  west  of  the  Leland 
mine,  where  dikes  from  2  to  20  ft.  in  width,  given  off  from  the  main  mass, 
extend  }i  mile  or  more  westward  into  the  older  andesite.  A  black,  fresh- 
looking  specimen  of  it  collected  by  the  writer  from  the  Leland  mine  proved 
by  microscopic  study  and  chemical  analyses  to  be  latite,  and  it  contains 
chlorite  in  abundance  throughout.^ 

The  intrusive  natiu'e  of  the  green  chloritic  andesite  and  the  association 
of  ore  deposits  with  its  intrusive  phases  in  various  parts  of  the  district 
are  also  abundantly  corroborated  by  later  work  of  Sperr,  Probert,  Ban- 
croft, and  other  engineers.    Probert*  believes  it  to  be  both  intrusive  and 


'  Bulletin  No.  307,  U,  S.  Geological  Survey,  p.  35,  and  Fig.  2  (1009). 
^  J.  D.  Sperr:  The  Tom  Reed-Gold  Road  Mining  District,  Arizona,  Engineering 
and  Mining  Journal,  vol,  101,  No.  1,  pp.  1-5  (Jan.  1,  1016). 

*  BuUetin  No.  397,  U.  S.  Geological  Survey,  pp.  36-37  (1909). 

*  Frank  H.  Probert:  Oatman,  Arizona — ^A  Prohibition  Camp,  Mining  and  Sden^ 
tific  PresB,  vol.  112,  No.  1,  pp.  17-20  (Jan.  1,  1916). 
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extrusive^  that  dikes  and  sills  of  it  occur  in  the  older  andesite  and  that 
mineralization  is  dependent  upon  this  association. 

Bancroft^  writes  that  in  the  vicinity  of  the  mines  which  he  examined 
in  localities  rather  widely  scattered  in  the  district,  he  found  evidence  of 
the  intrusive  nature  of  this  formation,  and  that  the  orebodies  are  largely 
formed  within  the  intrusive. 

More  recently,  according  to  Smith,'  th^  bottom  as  well  as  the  collar 
of  the  Tom  Reed  shaft  at  1,075  ft.  in  depth  was  in  the  green  chloritic 
andesite  which  in  the  bottom  of  the  shaft  was  ore-bearing,  and  he  sug- 
gests that  the  rock  may  here  be  intrusive.  The  supposition  of  the  rock 
being  here  intrusive,  probably  as  a  neck,  would  help  to  account  for  the 
unusual  thickness  of  the  formation  at  this  point,  which  seems  to  be  local, 
since  elsewhere  in  the  Tom  Reed  mine  and  in  the  neighboring  United 
Eastern,  Pioneer  and  other  properties  the  workings,  according  to  Schader,* 
passed  through  the  green  chloritic  andesite  and  into  the  older  underl3ring 
andesite  at  shallower  depths  and  have  workable  ore  in  the  lower  rock. 

Therefore,  according  to  the  observations  of  six  or  more  investigators, 
the  green  chloritic  andesite  (formation)  contains  rocks  which  vary  con- 
siderably mineralogically  from  the  normal  andesite,  rocks  with  which  the 
ore  deposits  in  general  seem  to  be  associated  and  which  are  known  t-o  be 
intrusive  into  the  older  andesite.  The  most  important  of  these  rocks 
seems,  to  the  present  writer,  to  be  the  dark  latite  occurring  at  the  Leland 
mine  and  elsewhere.  It  seems  to  intrude  not  only  the  older  andesite 
but  also  the  green  chloritic  andesite  as  sheets,  necks  and  dikes,  and  to  be 
intimately  connected  genetically  with  the  ore  deposits.  More  recently, 
Sperr,^®  whose  observations  in  the  district  have  been  extensive,  regardp  all 
the  commercial  ore  as  occurring  in  the  andesites  intimately  associat-ed 
with  latites.  The  intrusive  nature  of  the  rocks  associated  with  the  ore 
deposits  obviously  favors  continuity  of  the  deposits  in  depth. 

The  deposition  of  the  green  chloritic  andesite  was  followed  by  atperiod 
of  great  fissuring  and  faulting  accompanied  and  followed  by  erupion  of 
the  next  higher  group,  the  undifferentiated  volcanic  rocks  2,000  ft.  in 
thickness,  containing  the  Gold  Road  and  other  important  vems,  and  by 
intrusions  of  younger  rocks,  especially  latite  and  rhyolite  in  the  form  of 
dikes,  necks,  and  rounded  plug  or  stocklike  masses,  and  seemingly  the 
formation  of  many  of  the  larger  fissure  veins.  The  undifferentiated 
volcanics  are  succeeded  by  a  series  of  younger  light-colored  tuffaceous 


^  Howland  Bancroft:  Geology  of  Gold  Road  District,  Mining  and  Scientific  F^ress^ 
vol.  3,  No.  1,  p.  21    (July,  3,  1916). 

•  Howard  D'.  Smith:  The  Oatman  District,  Arisona,  Mining  and  Scientific  fVe»«, 
vol.  3,  No.  6,  p.  172-175  (July  31,  1916). 

•  Carl  F.  Schader:  Personal  letter,  Feb.  6,  1916. 

^<*  J.  D.  Sperr:  ' 'Conversational  Geology''  at  Oatman,  Engineering  €md  Afxvting 
Journal,  vol.  101,  No.  26,  p.  1119  (June  24,  1916). 


Digitized  by 


Google 


FRANK  C.   SCHRADBR  1953 

rhyolites  locally  1,000  ft.  in  thickness  and  known  as  the  "water  rock," 
which  is  succeeded  by  dark  reddish  andesite  which  in  turn  is  followed  by 
black  olivine  basalt,  the  youngest  of  the  effusive  rocks,  which  remains  as 
a  capping  over  a  large  part  of  the  Black  Mesa  Mountains. 

With  the  extensive  development  recently  done  in  the  district,  the 
rocks  merit  detailed  study  with  reference  to  their  sequence  and  bearing 
on  the  genesis  of  mineralization.  Such  a  diagnosis  seems  certain  to  prove 
of  great  economic  value  in  preventing  useless  expenditure  of  money  in 
some  directions  and  leading  to  profitable  development  in  others. 

Ore  Deposits 

General  Description. — The  deposits,  which  are  numerous,  are  chiefly 
gold-bearing  fissure  veins  or  lodes  of  the  character  already  described  for 
the  Black  Mountains.  The  veins  vary  from  5  to  70  ft.  in  width  and  from 
a  few  hundred  feet  to  several  miles  in  length.  In  general  they  are  strong 
and  persistent.  They  strike  northwest  with  steep  dip  to  the  northeast. 
They  are  almost  devoid  of  metallic  sulphides,  the  gold  being  free.  They 
occur  chiefly  in  the  lower  part  of  the  undifferentiated  volcanic  series, 
the  green  chloritic  andesite,  the  granite  porphyry  and  micropegmatite, 
other  underlying  rocks  and  also  along  certain  contacts,  where  latite  and 
rhyolite  are  generally  the  intrusives.  Some  of  the  deposits  are  very  rich, 
but  the  large  bodies  of  low-grade  ore  co^titute  the  main  resource.  Ore 
having  a  metallic  content  of  $10  or  less  is  considered  low-grade. 

The  older  andesite,  from  the  ill  behavior  and  feathering  out  of  certain 
vein  deposits  on  entering  it  from  the  green  chloritic  andesite,  was  originally 
regarded  by  the  writer  as  unfavorable  for  mineral,  or  essentially  barren, 
particularly  in  the  Vivian  district.  Owing  to  its  tufaceous  brecciated 
and  fragmental  nature  it  is  almost  devoid  of  lava-cooling  shrinkage  cracks 
and  fissures,  which  elsewhere  form  favorable  repositories  for  ore  deposition. 
According  to  Palmer*^  "the  occurrence  of  any  oreshoots  in  the  earlier 
(older)  andesite  is  yet  to  be  demonstrated." 

Also  E.  W.  Brooks  limits  the  area  of  commercial  mineralization  in  this 
part  of  the  field  to  the  green  chloritic  or  "younger  andesite."  Later 
developments,  however,  it  is  gratifying  to  note,  in  the  Oatman  and 
Vivian  camps,  report  workable  ore  deposits  in  the  older  andesite  also. 
It  is  hoped  that  with  development  similar  reports  may  be  received  from 
several  mines  near  Vivian  which,  though  well-equipped  for  operations 
nearly  a  decade  ago,  have  remained  inactive.  That  the  writer  has  never 
doubted  that  major  veins  probably  occur  in  and  below  this  formation  is 
evidenced  by  the  following  statement :  "  The  veins  cut  through  the  great 
mass  of  Tertiary  volcanic  rocks  which  characterize  the  range  and  un- 

**Leroy  A.  Palmer:  The  Oatman  Diatr  .  Arizona,  Mining  and  Scientific  Press, 
vol.  113,  No.  6,  p.  196  (Aug.  5,  1916).. 
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Fig.  6. — Mines  and  Veins  in  the  Tom  Rebd-Gold  Road  District. 
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doubtedly  continue  in  depth  into  the  underlying  pre-Cambrian  granitic 
rocks." 

According  to  Pahner,*'  "some  ore  of  value  has  recently  been  found 
in  the  pre-Cambrian." 

Since  the  deposits  are  confined  to  the  vein  filling  and  do  not  as  a  rule 
form  metasomatic  replacements  in  the  wall  rock,  as  at  Cripple  Creek  and 
other  campSi  the  selective  preference  which  any  bounding  wall  rock  by 
reason  of  its  more  favorable  physical  or  chemical  properties  for  replace- 
ment may  exert  in  favor  of  ore  deposition  seems  to  be  practically  nil. 
Accordingly,  there  is  no  apparent  reason,  other  conditions  being  equal, 
why  the  deposits  should  not  be  equally  developed  in  any  one  of  several 
formations  through  which  the  fissure  vein  with  like  strength  may  extend. 

The  deposits  consist  of  two  types — those  in  which  the  gangue  is  chiefly 
quartz  and  adularia  and  those  in  which  it  is  chiefly  calcite.  The  source 
of  the  quartz  and  adularia  is  referred  to  the  siliceous  magmas  and  that 
of  the  calcite  to  basic  or  andesitic  magmas  with  possible  contributions 
derived  from  underlying  limestones.  The  former  carry  the  best  values, 
occur  mostly  in  the  undifferentiated  volcanic  rocks  and  in  granite  porph3rTy 
and  have  a  general  northwest-southeast  trend.  The  latter  seem  to  occur 
mainly  in  the  green  chloritic  andesite  and  trend  more  nearly  north-south. 
Among  the  most  important  of  the  former  type  are  the  Gold  Road  and  Tom 
Reed  veins;  among  the  latter,  the  Pasadena,  Mossback  and  Meals  veins 
(Fig.  6).  In  some  cases  the  veins  are  associated  with  boldly  cropping 
silicified  dikes  of  which  the  deposits  in  certain  instances  may  be  in  part 
replacement.  * 

According  to  Platts,^^  the  most  productive  veins,  such  as  those  in  the 
Tom  Reed,  United  Eastern,  and  Big  Jim  mines,  are  in  a  complicated  series 
of  fissures,  part  of  which  strike  about  N.  45°  W.,  and  others  N.  60®  W., 
producing  with  each  other  a  conjugated  system  with  numerous  intersec- 
tions near  which  many  large  orebodies  are  found. 

Zones. — Surficially,  the  veins  seem  to  mostly  fall  into  four  main  zones" 
which,  named  in  order  from  north  to  south,  are  the  Gold  Road,  Tom  Reed, 
Vivian,  and  Black  Range  zones.  The  Tom  Reed  zone  is  the  best  devel- 
oped and  contains  the  most  interesting  discoveries. 

There  seem  also  to  be  two  or  more  horizons  or  vertical  ore  "zones." 
The  largest  and  richest  orebodies  seem  in  general  to  Ue  in  a  "zone"  of 
emiched  oxides  between  the  300-ft.  and  500-ft.  levels.    Below  this  zone 


»  BuUetin  No,  397,  U,  S.  Geological  Survey,  p.  48  (1909). 

^'Leioy  A.  Palmer:  Op.  cU,,  p.  195. 

"  J.  B.  Plaits:  Geology  of  Oatman,  Mining  and  Scientific  Press,  vol.  112,  No.  23, 
p.  814  (June  3,  1916). 

^  Leroy  A.  Palmer:  The  Oatman  District,  Arizona,  Engineering  and  Mining  Jour- 
nal, vol.  101,  No.  21,  p.  896  (May  20, 1916). 
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the  ores  decrease  in  value,  but  continue  to  be  of  workable  grade  beyond 
the  deepest  point  yet  penetrated  by  any  working.  The  richness  of  this 
zone  as  suggested  by  Smith>*  is  probably  due  to  secondary  enrichment, 
by  contributions  leached  from  shallower  depths,  in  support  of  which  the 
presence  of  vugs  and  manganese  oxide  in  the  upper  part  of  the  veins  is 
cited.  This  view  is  also  seemingly  corroborated  by  the  tendency  of  the 
zone  to  pwallel  the  contour  of  the  surface.  For  instance,  its  occurrence 
at  about  the  same  depth  in  the  Gold  Road  mine  as  in  the  Oatman  camp, 
though  at  correspondingly  greater  elevations  and  higher  geologic  hori- 
zons. The  gold  was  probably  precipitated  in  large  part  along  with  the 
manganese  oxide. 

If  the  thickness  of  600  or  800  ft.  assigned  to  the  green  chloritic  andesite 
be  correct,  this  ore  zone  in  the  Oatman  camp  or,  more  generally  speaking, 
in  the  triangular  area  of  several  square  miles  comprised  between  the  Tom 
Reed,  Pioneer,  and  Pasadena  mines,  should  lie  mainly  in  this  formation. 

There  seems  to  be  also  present,  notably  in  the  Oatman  camp  and 
vicinity,  a  shallow  or  surface  ore  zone  of  leached  oxides  to  which  pay  ores 
found  at  or  near  the  surface  are  generally  confined.  It  extends  to  depths 
of  about  150  ft.,  between  which  and  the  zone  of  enriched  oxides,  or  300-ft. 
level,  Ues  a  150-ft.  intermediate  zone  of  leached  or  relatively  barren 
ground,  although  the  valuable  oreshoots,  according  to  Sperr,^^  almost 
without  exception  come  at  least  within  100  ft.  of  the  surface. 

These  two  zones  have  probably  suffered  about  the  same  amount  of 
leaching,  the  upper  zone  certainly  not  less  than  the  intermediate  or  barren 
zone.  The?  upper  zone  seemingly  owes  its  greater  ore  content  to  the  more 
siliceous,  and  consequently  resistant,  character  of  the  ore  which  accord* 
ingly  better  withstands  the  process  of  leaching. 

Differing  from  the  view  of  enrichment  by  leaching  and  redeposition 
in  the  main  zone  is  that  of  Platts^^  which  holds  that  the  ore  is  essentially  a 
primary  deposit  formed  by  heat  ascending  solutions,  that  from  the  nature 
of  the  gangue  it  is  evident  that  acid  solutions  could  not  exist,  and  that, 
except  for  the  oxidation  of  the  pyrite,  there  is  no  evidence  of  the  action  of 
surface  water  on  the  ore. 

It  seems  quite  possible,  as  suggested  by  one  writer,  that  the  ground- 
water table  in  the  district  may  be  in  part  dependent  upon  the  neighboring 
Colorado  River.  If  this  view  be  correct,  physiographic  study  will  proba- 
bly be  able  to  correlate  certain  horizon  features  of  the  vertical  section  as 
leaching,  etc.,  with  relatively  prolonged  pauses  in  the  historical  down- 
cutting  of  the  river.  It  does  not,  however,  seem  safe  to  assume  that  the 
water  table  at  Oatman  coincides  with  the  level  of  the  Colorado  River, 

"  Op,  cit.,  p.  173.  /  f 

"  J.  D.  Sperr:  "Conversational  Geology"  at  Oatman,  Ari«.,  Engineering  and  Min- 
ing Journal,  vol.  101,  No.  26,  p.  1119  (June  24,  1916). 
"  J.  B.  Platts:  Op.  dU 
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elevation  oi  tne  gathering  zone  on  tne  east,  which  probably  extends  to 
the  Hualpai  Mountains,  or  longitude  of  Kingman,  the  ground-water 
table  is  not  a  level  surface  but  gradually  rises  from  the  Colorado  River, 
eastward,  and  at  Oatman  it  probably  stands  several  hundred  feet  or  more 
above  the  level  of  the  river. 

Structure  of  Oreshoots. — The  ore  occurs  chiefly  as  a  series  of  more  or 
less  tabular  or  lenticular  oreshoots  and  pay  streaks  dipping  and  plunging 
variously  within  the  vein,  with  which  they  exhibit  a  greater  or  less  degree 
of  parallelism.  The  shoots  vary  from  1  ft.  wide  to  the  width  of  the  vein. 
They  usually  carry  gold  for  their  full  width.  They  range  up  to  newly 
1,000  ft.  in  length  and  depth,  and  there  is  a  general  similarity  or  repetition 
of  the  shoots  in  the  same  vein.  They  seem  to  have  been  formed  by  ther- 
mo-aqueous  processes  that  followed  igneous  activity.  In  general,  the 
quartz  and  values  favor  the  hanging  wall,  which  of  the  two  walls  is 
generally  the  best  defined,  and  contains  stringers  branching  off  obliquely 
from  the  vein,  while  the  spar  or  calcite  favors  the  footwall.  The  gold  is 
mostly  associated  with  the  quartz-adularia  gangue  and  not  rarely  where 
sulphides  have  existed,  it,  according  to  Platts,*®  occurs  in  hematite  (which 
is  pseudomorphic  after  pyrite)  in  the  quartz. 

According  to  Palmer,'^  the  first  indications  of  the  vein  encountered  in 
sinidng  are  small  stringers  of  quartz  and  calcite  scattered  through  the 
andesite,  usually  accompanied  by  sUght  pyritization  in  the  vein-wall 
andesite  which  yields  a  little  free  gold  in  the  pan,  while  in  the  oreshoots 
the  vein  matter  shows  pronounced  hematite  and  manganese  stains.  It 
is  said  that  the  problem  in  development  is  not  so  much  the  finding  of  veins 
as  the  discovery  of  oreshoots  in  the  veins,  that  nothing  sufficiently  tangi- 
ble has  yet  been  found  to  use  as  the  basis  for  a  theory  to  guide  the  op)era- 
tor  in  the  search  for  ore. 

Though  no  rigid  rule  can  be  laid  down  to  guide  the  operator  in  search 
for  ore,  nevertheless,  from  the  apparently  well-estabUshed  facts  that  the 
metaUic  values  have  been  largely  imported  by  the  replacement  quartz- 
adularia  solutions  and  that  more  gold  is  found  where  the  replacement  of 
calcite  is  most  nearly  complete,  in  formulating  plans  of  exploration  much 
benefit  in  most  cases  should  be  derived  from  a  correlative  study  of  the 
criteria  indicating  the  probable  courses  followed  by  these  solutions, 
namely,  quartzose  vein  croppings,  silicified  wall  rock,  the  quartz  pseudo- 
morphic structures,  etc.,  which  have  been  described.     It  was  the  quartz 

^*  L.  A.  Palmer:  The  Oatman  District,  Arisona,   Mining  and  Scientific  Press, 
vol.  113,  No.  6,  p.    196  (Aug.  5,  1916). 
"J.  B.  Plaits:  Op.  ct/. 
"L.  A.  Palmer:  Idem,,  vol.  101,  No.  21,  p.  896. 
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adularia  or  siliceous  waxy-appearing  character  of  the  deposits  seen  in  the 
Tom  Reed  mine  and  the  recognition  of  their  marked  similarity  to  the 
then-producing  deposits  of  the  Gold  Road  mine  that  apparently  led  to 
the  resumption  of  operations  in  the  Tom  Reed  mine  following  the  writer's 
visit  in  1907. 

Gold  Road  Mine 

Some  of  the  principal  mines  in  which  the  deposits  have  been  worked 
are  the  Gold  Road,  Tom  Reed,  Leland,  Pioneer,  Victor-Virgin,  Midnight, 
and  United  Eastern.  Their  general  distribution  is  shown  in  Fig.  6.  The 
most  important  producers  are  the  Gold  Road  and  Tom  Reed  mines. 

General  Description. — The  Gold  Road  mine,  owned  by  the  United 
States  Smelting,  Refining  and  Mining  Co.,  is  situated  at  Gold  Road,  on 
the  western  rugged  slope  of  the  range  about  1  mile  below  the  crest,  at  an 
elevation  of  about  2,900  ft.,  mainly  on  the  western  part  of  the  Gold  Road 
vein.  From  its  croppings,  the  Gold  Road  vein  has  long  been  known,  but 
the  discovery  of  values  which  resulted  in  the  opening  of  the  mine  was  made 
about  1902.  The  mine  soon  began  to  be  worked  systematically  and  paid 
dividends  of  5  per  cent,  on  the  capitalization  of  $500,000.  Several  years 
ago  it  was  acquired  by  the  present  owner  for  $1,500,000. 

The  mine  is  opened  to  a  depth  of  1,000  ft.  or  more,  mainly  by  shafts 
and  drifts,  and  ore  has  been  mined  in  quantities  for  a  distance  of  4,000  ft. 
on  the  vein. 

Most  of  the  work  done  up  to  1907  was  comprised  in  the  ground  extend- 
ing about  200  ft.  from  the  main  or  Gold  Road  shaft  (then  known  as  the 
Gold  Road  mine),  in  either  direction  on  the  vein,  and  to  the  depth  of  500 
ft.  Since  then,  however,  extensive  developments  have  been  made,  espe- 
cially to  the  east  on  the  Billy  Bryan  and  adjoining  ground. 

The  gross  production  of  the  property  is  estimated  at  more  than 
$6,000,000.  To  the  end  of  1907  the  production  was  about  $2,250,000, 
most  of  which  was  made  during  1905  and  1906.  Since  1909  the  output 
has  averaged  about  $800,000  annually,  which  figure  in  some  years  was 
much  exceeded.  The  present  monthly  production  is  nearly  $80,000  in 
gold  bullion. 

Geology. — The  country  surrounding  the  mine  is  occupied  by  the  undif- 
ferentiated volcanic  rocks  consisting  mainly  of  heavy  sheets  of  volcanic 
flows  (Fig.  5).  The  series  comprises  andesite,  trachyte,  latite,  rhyolite, 
and  dacite,  which  aggregate  nearly  2,000  ft.  in  thickness  and  are  difficult 
to  separate.  The  series  extends  from  a  point  about  1,000  ft.  west  of  the 
main  shaft  eastward  nearly  to  the  crest  of  the  range.  On  the  west  it 
gives  way  to  the  underlying  green  chloritic  andesite,  which  in  the  West 
Gold  Road  mine,  situated  near  the  contact,  has  been  penetrated  to  a 
depth  of  455  ft.     On  the  east  it  is  overlain  by  the  upper  rhyolite.    The 
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contact  on  the  west  is  probably  a  fault  contact,  as  some  of  the  green 
chloritic  andesite  occurs  in  the  main  shaft  workings.  The  dominant 
dynamic  structure  is  a  pronounced  close  sheeting,  which  strikes  N.  40°  W., 
with  vertical  dip.  The  series  is  intruded  by  dikes  of  rhyolite  and  the 
younger  dark  andesite.  Much  of  the  rhyolite  carries  gold  values.  A 
dike  of  it,  40  ft.  in  width,  located  about  600  ft.  south  of  the  mine,  is  said 
to  average  about  $5  in  gold  to  the  ton,  the  gold  occurring  chiefly  in  con- 
tained stringers  of  quartz  and  calcite. 

Ore  Deposits. — The  Gold  Road  vein  extends  from  a  point  about  700 
ft.  west  of  the  main  shaft  southeastward  through  the  Gold  Road,  Rail- 


Fig.  7. — Gold  Road  Vbin  at  East  of  Line  Road  Claim,  Looking  Northwest. 

road,  Billy  Bryan  and  Last  Chance  claims  to  beyond  the  crest  of  the  range, 
a  distance  of  nearly  13^  miles.  It  dips  about  80°  NE.  approximately 
parallel  with  the  close  sheeting  in  the  country  rock.  It  varies  in  width 
from  22  ft.  on  the  west  to  less  than  1  ft.  on  the  east.  Between  the  bottom 
of  the  mine  and  the  crest  of  the  mountains  it  has  a  known  vertical  range 
of  about  2,300  ft.,  and  its  croppings  have  a  vertical  range  of  about 
1,300  ft.  They  consist  essentially  of  iron  and  manganese-stained  quartz, 
silicified  rock,  and  calcite.  In  places  they  form  conspicuous  reefs  or 
knobs  rising  20  or  30  ft.  above  the  surface,  as  at  the  main  shaft  or  Gold 
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Road  mine  (Fig.  5).  Here  the  associated  hard  silicified  prominent  wall- 
rock  croppings  on  both  sides  of  the  vein  have  a  lateral  extent  of  20  to  60 
ft.  The  best  ore  usually  underlies  these  prominent  croppings,  which 
seem  to  represent  pool-like  courses  along  which  mineralizing  solutions 
deposited  more  freely  than  elsewhere.  Where  the  croppings  weaken  or 
break  down,  the  underlying  portion  of  the  vein  generally  becomes  lean 
or  barren,  though  the  fissure  and  its  walls  and  filling  may  continue 
unchanged. 

The  vein  consists  essentially  of  quartz  and  adularia,  with  some  calcite 
and  brecciated  altered  rock,  and  is  locally  more  or  less  crustified  (Fig.  7). 
Since  the  more  siliceous  portions  frequently  exhibit  a  perfection  of  crusti- 
fication  not  found  in  the  calcic  portions,  and  it  is  difficult  to  see  how  this 
structure  could  be  derived  from  massive  calcite  by  process  of  replacement, 
the  quartz-adularia  filling  in  the  well-banded  portions  is  regarded  as 
largely  primary  rather  than  replacement.  It  seems  to  have  been  depos- 
ited in  reopenings  of  the  calcite  vein  and  extension  of  the  fissure  itself 
eastward  into  the  axis  of  the  range. 

In  1907,  the  vein  in  nearly  all  workings  within  200  ft.  of  the  main 
shaft  and  from  the  300-ft.  level  to  below  the  700-ft.  level  was  mostly 
good  milling  ore  from  wall  to  wall,  the  amount  of  waste  in  mining  as 
shown  by  the  dump  (Fig.  6)  being  very  small.  Elsewhere,  however,  as 
seen  on  the  Billy  Bryan  and  other  ground,  portions  of  the  vein,  sometimes 
for  a  considerable  extent,  are  relatively  barren. 

The  vein  is  strongest  on  the  west,  where,  as  developed  in  the  main 
shaft  workings,  it  is  uniformly  about  10  ft.  in  width.  It  is  usually  in 
sharp  contact  with  well-defined  firm  walls  of  the  country  rock,  consisting 
of  andesite,  trachyte,  latite,  and  rhyolite.  It  is,  in  general,  "frozen"  to 
the  walls  and  is  locally  enriched  where  stringers  extend  from  it  at  acute 
angles  into  the  hanging  wall.  As  a  rule,  hard  and  rough  walls  indicate 
good  ore,  and  conversely,  soft  and  smooth  walk  generally  correspond  with 
lean  ore.  The  ore  consists  chiefly  of  fine-grained,  light-greenish  or  waxy 
quartz.  Much  of  it  is  platy  or  hackly  with  a  peculiar  chalcedonic  or 
drusy  appearance.  Much  of  it  is  pseudomorphic  after  calcite  and  many 
of  the  pseudomorphic  plates  are  thickly  studded  with  minute  quartz 
crystals  of  a  still  younger  growth.  The  gold,  as  seen  microscopically, 
and  in  places  by  the  naked  eye,  is  very  finely  disseminated,  principally 
in  the  quartz-adularia  portion  of  the  gangue.  On  the  600-ft.  level,  how- 
ever, the  vein  contained  more  spar  or  calcite  than  on  any  other  level,  and 
here  the  oreshoot  is  reported  to  have  had  an  uninterrupted  extent  of 
1,100  ft.  Some  sulphide  ore  containing  pyrite,  the  first  encountered  in 
the  mine,  was  found  here,  and  it  is  reported  to  have  contained  higher 
values  than  the  overlying  oxidized  ore,  which  is  probably  due  to  arrest 
in  the  downward  progress  of  leached  concentrates.  On  the  700-ft.  level, 
the  country  wall  rock,  consisting  of  green  chloritic  andesite,  was  more  or 
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less  pyritic  and  seemed  to  indicate  that  the  mine  was  entering  the  sulphide 
zone.  The  mine  has  not  produced  much  ore  from  depths  shallower  than 
the  300-ft.  level.  The  lowest-grade  ore  taken  out  was  obtained  between 
the  surface  and  the  300-ft.  level,  where  it  fell  to  15  a  ton.  The  ordinary 
mill-run  ore,  it  is  said,  rarely  faUs  below  $8  or  $9  and  ranges  from  that  up 
to  $22  a  ton.  It  averages  about  $10  to  the  ton,  but  $100  ore  and  upward 
is  occasionally  encountered  on  the  hanging  wall,  where  nearly  all  the 
high-grade  ore  occurs. 

On  the  Billy  Bryan  claim,  nearly  ]4  mile  from  the  main  Gold  Road 
shaft,  the  vein  and  the  associated  rocks  show  essentially  the  same  char- 
acteristics and  relations  as  in  the  Gold  Road  mine.  The  variations  and 
phases  of  the  rocks  are  well  displayed  in  the  large  dump  at  the  mouth  of 
the  drift.  The  principal  rock  cprresponds  to  trachyte.  It  is  in  general 
considerably  altered.  The  croppings  of  the  vein  are  prominent  and  wall- 
like. The  vein  varies  from  1  to  20  ft.  in  width  and  dips,  in  general, 
steeply  to  the  southwest  instead  of  normally  to  the  northeast.  It  con- 
sists mostly  of  spar  or  calcite,  which  contains  bands  of  greenish  quartz. 
Beyond  the  southeast  limits  of  the  Billy  Bryan  claim,  and,  in  fact,  to 
the  end  of  the  Railroad  claim,  quartz  prevails  and  carries  good  values. 
The  quartz  is  greenish  with  glassy  luster  and  locally  is  very  brittle,  closely 
crustified,  wavy,  and  crinkled,  its  structure  resembling  the  fine  flow  struc- 
ture of  certain  lavas.  Weed,**  having  access  to  later  development,  de- 
scribed the  vein  filling  as  ''the  usual  mixture  of  calcite  flakes  and  waxy 
quartz  varjring  to  a  dense  waxy  yellow  quartz  in  curly  or  crinkled  bands 
and  shreds  sometimes  showing  a  faint  blackish  stain." 

In  the  eastern  part  of  the  Line  Road  claim,  and  in  a  considerable  por- 
tion of  the  Billy  Bryan  and  Railroad  claims,  the  vein  has  produced  very 
rich  shipping  ore  from  surface  workings,  and  it  is  under  these  workings, 
notably  on  the  Billy  Bryan  and  Railroad  claims,  that  the  Gold  Road  Co. 
in  1908  encountered  good  ore  in  depth. 

In  its  extension  eastward  through  the  Last  Chance  claim,  and  across 
the  crest  of  the  range,  the  vein  contains  some  good-looking  croppings  and 
openings,  but  it  is  split  by  horses  at  several  points  and  locally  narrows 
to  unworkable  dimensions.  In  August,  1915,  the  mine  was  reported  to 
have  good-sized  bodies  of  $20  ore  on  the  800-ft.  level,  and  in  November 
it  is  said*  to  have  encountered  on  the  900-  and  1,000-ft.  levels  a  body  of 
higher-grade  ore  than  any  hitherto  found  on  the  lower  levels. 

Recently  it  is  reported  that  the  vein  as  stoped  averages  about  12  ft. 
in  width.  Three  oreshoots  are  being  stoped  on  the  500-ft.  level  and  at 
greater  depths.  These  are  respectively  1,200  ft.,  70  ft.,  and  700  ft.  in 
length,  being  separated  by  small  intervals  of  barren  ground. 

**  Walter  Harvey  Weed:  The  Kingman  District  of  Arisona,  Mining  World,  vol. 
32,  No.  23,  pp.  1113-1114  (June  4,  1910). 
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Tom  Reed  Mine 

General  Description, — In  the  last  year  or  two,  owing  to  new  discoveries, 
interest  in  the  district  has  centered  mainly  in  the  Tom  Reed  mine  and 
neighboring  properties,  wherefore  this  part  of  the  district  is  known  as 
the  Tom  Reed  district  or  camp,  Oatman  district  or  camp,  or  simply 
Oatman.  Here  the  geology  and  ore  deposit  are  similar  to  those  of  the 
Gold  Road  camp,  except  that  the  deposits  occur  largely  in  lower  geologic 
horizons  in  the  green  chloritic  andesite  and  still  older  rocks  (Fig.  ZA), 
Some  of  the  veins  are  "blind,"  being  covered  by  later  flows  of  rhyolite  and 
younger  rocks  whose  contact  is  traceable  by  the  softened  character  of  the 
contiguous  weathered  portion  of  the  underljdng  rock. 

The  Tom  Reed  (formerly  Blue  Ridge)  mine  is  situated  at  Oatman 
about  2  miles  south  of  the  Gold  Road  mine  and  about  200  ft.  below  it. 
It  lies  on  open  ground  in  Blue  Ridge  wash,  near  the  base  of  the  central 
part  of  the  range,  at  an  elevation  of  about  2,700  ft.  (Fig.  3A).  It  is  one 
of  the  well-known  mines  of  the  country  and  contains  well-defined  ore- 
shoots,  which  for  nearly  a  decade  have  been  worked  with  great  profit.  ' 

It  was  discovered  about  1900  and  was  soon  after  owned  by  a  party 
composed  of  Ely  Hilty  and  others.  About  1901,  the  Gold  Road  Co. 
sunk  two  shafts  on  the  property,  the  Ben  Harrison  and  the  Tonoi  Reed 
shafts,  each  to  a  depth  of  about  100  ft.  with  good  results.  About  1904 
the  mine  was  purchased  by  the  Blue  Ridge  Gold  Mines  Co.,  which  in- 
stalled a  mill  and  operated  the  mine  and  mill  for  about  a  year  and  a  half, 
milling  on  an  average  about  30  tons  of  $7  ore  a  day.  In  1906  the  Blue 
Ridge  Co.  was  succeeded  by  the  present  owner,  the  Tom  Reed  Gold 
Mines  Co.,  which  resumed  operations  in  1907,  and  in  1908  the  mine  was 
reported  to  be  working  and  making  gold  bullion  shipments  regularly, 
since  when  it  has  been  a  steady  producer.  A  little  later  a  12-ft.  wide 
body  of  $12  ore  is  said  to  have  been  encountered  on  the  300-ft.  level. 

The  property  comprises  a  group  of  11  or  more  claims,  adjoining  one 
another  in  part  end  on  and  extending  along  the  vein  for  a  distance  of 
about  3  miles.     The  mine  is  located  near  the  middle  of  the  group. 

Ore  Deposits, — The  country  rock  is  mainly  the  green  chloritic  andesite. 
The  vein,  the  Tom  Reed  (formerly  Blue  Ridge)  vein,  strikes  about 
N.  50°  W.  and  dips  about  70''  NE.  It  nearly  parallels  the  Gold  Road 
vein  on  the  north  and  the  Victor-Virgin  vein  on  the  southwest,  to  both 
of  which  it  is  geologically  and  mineralogically  similar.  On  the  Tom 
Reed  property,  it  has  an  extent  of  about  3  miles.  Fig.  6,  and  it  is  said  to  be 
continuous  with  the  Pasadena  vein  on  the  northwest,  in  which  event  it 
has  a  length  of  about  4^  miles,  being  probably  the  longest  vein  in  the 
district.  At  the  Tom  Reed  mine  it  ranges  up  to  about  40  ft.  or  more 
in  width  with  the  fissure  walls  usually  ill  defined.  It  outcrops  boldly 
for  the  length  of  nearly  two  claims.    The  croppings  consist  principally 
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of  the  usual  dark  iron  aud  manganese-stained  quartz,  silicified  rock,  and 
calcite. 

The  vein  is  mainly  of  the  quartz-adularia-calcite  type.  Of  the  early- 
day  ore,  a  considerable  portion  is  reported  to  have  run  $25  in  gold  to  the 
ton  for  the  first  30  ft.  in  depth  and  about  $12  from  that  point  down. 

In  the  Ben  Harrison  shaft  and  its  workings,  the  vein  has  a  width  of 
16  to  22  ft.  On  the  100-ft.  level  the  vein  consisted  chiefly  of  16  ft.  of 
crushed  quartz  and  rock  with  neither  wall  well  defined;  but  toward  the 
hanging-wall  side  there  was  6  ft.  of  good-looking,  more  or  less  porous, 
clear  quartz  ore. 

On  the  150-ft.  level  the  vein  consisted  mainly  of  crushed  rock,  but 
the  footwaU  side  of  the  drift  was  in  quartz;  the  hanging  wall  contained 
vugs  6  in.  to  1  ft.  in  diameter,  containing  blackish,  porous,  oxidized 
quartz  ore. 

Development, — The  mine  is  opened  to  a  depth  of  1,400  ft.  It  has  more 
than  30,000  ft.  of  imderground  work,  with  the  longest  drift  extending 
more  than  4,000  ft.  out  from  the  shaft  and  in  ore  nearly  all  the  way.  The 
production  to  Jime,  1916,  was  nearly  $6,000,000.  That  for  the  year 
ending  March  31,  1916,  was  $661,870.68,  the  average  value  of  the  ore 
being  $22.12  to  the  ton  and  the  extraction  98.6  per  cent.  Dividends 
paid  during  the  year  amounted  to  nearly  $164,000,  or  18  per  cent,  on  the 
par  value  of  the  outstanding  stock.  By  estimate  11,000  tons  of  ore  were 
blocked  out  in  the  stopes  at  the  end  of  the  year.  The  nune  has  paid 
more  than  $2,500,000  in  dividends.  The  net  realization  on  the  mine  by 
June,  1913,  was  $3,019,569.75.  By  June  24,  1914,  the  44th  dividend 
had  been  declared.  Later  the  mine  was  reported  to  be  paying  for  the 
last  several  years  monthly  dividends  of  from  6  to  7  per  cent,  on  the  par 
value  of  the  stock,  and  the  ore  then  blocked  out,  by  estimate  $2,000,000 
worth,  was  said  to  be  sufficient  to  continue  their  payments  for  several 
years  to  come.  By  1907  the  production  considerably  exceeded  $120,000, 
and  that  since  1910  is  more  than  $5,000,000.  The  annual  production 
for  the  last  few  years  is  reported  to  average  about  $1,200,000  in  bullion, 
besides  which  a  large  tonnage  of  ore  is  accumulating  at  the  mine,  especially 
of  $10  ore  in  the  workings. 

Up  to  June,  1913,  much  of  the  ore  produced  had  been  drawn  from  an 
orebody  between  the  third  and  fifth  levels,  where  about  an  equal  amount 
remained,  and  this  same  orebody  had  been  proven  to  a  further  depth  of 
200  ft.  below  the  fifth  level.  The  seventh-level  drift,  at  this  time  233 
ft.  in  length,  was  all  in  ore  of  about  the  same  average  value  as  that  on 
the  fifth  level.  Recently,  in  the  Black  Eagle  section  of  the  mine,  the 
crosscut  on  the  400-ft.  level  is  said  to  have  passed  through  35  ft.  of  good 
ore,  30  ft.  of  which  averages  $25  to  the  ton,  and  the  ore  tonnage  on  the 
600-f t.  level  is  very  large. 

Later,  good  orebodies  were  reported  on  the  500,  600,  700,  900,  1,075, 
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1,200  and  1,400-ft.  levels.  The  ore  on  the  1,200-ft.  level  is  said  to  be 
similar  in  character  and  grade  to  that  on  the  upper  levels.  Progi^ss 
work  on  the  1,400-ft.  level  it  is  said  has  revealed  a  vein  width  of  12  ft, 
with  a  large  orebody  having  a  known  extent  of  300  ft.,  averaging  $12 
to  the  ton  and  containing  some  high-grade  ore. 

Explorations  on  the  1,075-ft.  level  for  225  ft.  west  of  the  shaft  have 
shown  the  oreshoot  throughout  that  distance  to  have  a  width  of  about  18 
ft.  and  to  range  from  $22.50  to  $40  to  the  ton.  On  and  below  this  level 
the  vein  is  reported  to  be  disturbed  by  a  fault,  but  at  the  1,176-ft.  level  it 
has  fully  recovered  its  former  size  and  values. 

Character  of  Ore. — The  ore  is  similar  to  that  of  the  Gold  Road  mine. 
It  consists  of  a  mixture  of  flaky  calcite,  waxy  quartz,  adularia,  brecciated 
altered  rock,  and  pinkish  argillaceous  material  which  is  frequently  of  high 
grade.  According  to  Weed,*'  a  dense  quartz  whose  color  and  luster 
closely  resembles  that  of  beeswax  constitutes  the  richest  ore.  The  ore  is 
not  hard  and  most  of  the  gold  is  free,  especially  in  the  ore  from  the  lower 
levels,  but  it  requires  fine  grinding  to  free  the  finely  disseminated  gold  and 
expose  it  to  the  action  of  the  cyanide.  The  gold  is  seldom  visible  even  in 
rich  ore. 

In  milling,  the  total  sliming  system  of  cyanidation  is  employ^,  fol- 
lowed by  treatment  of  the  ore  in  Pachuca  vats  and  Dorr  thickeners. 
"Dorr  thickeners,"  according  to  Smith,  "appear  to  be  particularly  suited 
to  conditioi\§  in  this  district  where  little  silver  is  present,  weak  solutions 
are  used,  and  the  slime  settles  quickly."  The  ore  amalgamates  about  50 
per  cent,  of  its  value  on  the  plates  and  a  high  extraction  is  obtained  at 
reasonable  cost  by  cyanidation.  In  1910,  the  average  extraction  was 
$42.46  to  the  ton.  In  1912  it  was  $23.22.  The  amount  of  ore  treated 
in  1911  was  39,447  tons;  in  1913,  948,110  tons,  with  an  average  extraction 
of  $24.09,  and  a  recovery  of  97.05  per  cent.  The  average  value  of  the 
ore  mined  in  the  fiscal  year  1914  to  1915  is  $21  to  the  ton.  The  gold 
is  generally  pure,  the  proportion  of  silver  present  being  very  small.  The 
mill  treats  about  4,000  tons  of  ore  a  month. 

Other  Mines 

Among  the  new  properties  which  are  attracting  most  attention  is  the 
United  Eastern  which  adjoins  the  Tom  Reed  mine  on  the  northwest  and  is 
often  referred  to  as  the  "Bonanza."  It  is  but  a  year  and  a  half  old,  and 
is  reported  to  have  in  sight,  according  to  the  estimates  of  conservative 
mining  engineers,  $1 1,000,000  worth  of  $26  ore.  The  mine  contains  more 
than  2,000  ft.  of  drift  and  has  good  orebodies  on  all  levels  between  the 
depths  of  300  and  700  ft.  The  vein  is  reported  to  be  43  ft.  wide  on  the 
555-ft.  and  665-ft.  levels,  and  the  entire  width  is  pay  milling  ore.     Of  this 

"  Op.  cit. 
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width,  30  ft.  proven  for  the  distance  of  650  ft.  averages  $40  to  the  ton  and 
carries  considerable  free  gold.  Since  August,  1915,  daily  shipments  of  S30 
ore  removed  during  development  are  being  made  to  the  Gold  Road  mill. 
A  new  200-ton  cyaniding  plant,  in  which  gyratory  crushers  and  ball  mills 
instead  of  stamps  will  be  used,  is  being  installed  at  the  mine.  The 
equipment  will  be  adequate  for  sinking  to  the  depth  of  2,000  ft. 

Many  other  new  properties  like  the  United  Eastern  are  being  opened 
up  and  in  many  of  them  good  ore  is  being  found  at  depths  of  from  200  to 
500  ft.     A  score  or  more  are  worked  by  incorporated  mining  companies. 

Extensive  developments  are  being  undertaken  at  the  Pioneer  (for- 
merly German-American)  mine  by  the  Oatman  Pioneer  Mines  Co.  which 
by  cooperation  and  use  of  its  efficient  machinery  and  400-ft.  level  will 
immediately  facilitate  the  exploration  and  working  of  adjoining  proper- 
ties. The  Pioneer  is  on  one  of  the  three  main  lode  outcrops  of  the  district, 
and  is  said  to  have  $1,000,000  worth  of  commercial  ore  in  sight  between 
the  400-ft.  level  and  the  surface.  It  is  working  on  two  veins  of  the  400-ft. 
level,  of  which  the  northeast,  or  Pioneer  vein,  has  an  8-ft.  oreshoot  having 
a  known  extent  of  600  ft.  and  averaging  $16  to  the  ton,  and  on  the  south- 
west, or  Snowball  vein,  the  crosscut  has  penetrated  a  width  of  16  ft.  of 
good-grade  ore  with  the  outer  wall  not  yet  reached.  On  the  200-ft.  level, 
a  2-ft.  shoot  of  high-grade  ore  is  being  worked. 

The  Boundary  Cone  mine  adjoining  the  Pioneer  on  the  east  has  good 
ore  on  the  750-ft.  level,  and  is  said  to  contain  a  5-ft.  shoot  of  ore  that 
averages  $100  to  the  ton  on  the  200-ft.  level.  On  the  500-ft.  level,  where 
the  oreshoot  has  been  proved  for  a  distance  of  90  ft.,  it  has  a  width  of  12 
ft.  and  averages  about  $20  to  the  ton.  The  mine  is  credited  with  a  con- 
siderable production  of  high-grade  ore,  some  of  which  contained  crys- 
tallized gold.  2* 

.  In  the  Big  Jim  mine,  a  mile  northwest  of  Oatman,  the  vein  on  the  400- 
ft.  level  is  said  to  be  51  ft.  in  width,  of  which  46  ft.  averages  about  $8  to 
the  ton  and  8  ft.,  on  the  hanging-wall  side,  $15  to  the  ton  with  some  pay 
streaks  which  are  very  rich.  On  the  485-ft.  level,  the  same  oreshoot  has 
been  opened  for  the  extent  of  200  ft.  and  is  good  milling  ore,  most  of  which 
averages  more  than  $12  to  the  ton.  Here  the  ore  is  said  to  be  more  oxi- 
dized and  silicified  than  on  the  upper  levels.  The  vein  parallels  the  pro- 
jected course  of  the  Tom  Reed  vein,  but  whether  it  is  the  northwestward 
extension  of  the  Tom  Reed  vein  which  may  here  be  faulted  to  the  north- 
east, or  a  new  vein,  has  not  yet  been  determined.  The  mine  is  daily 
shipping  about  30  tons  of  ore  removed  in  development. 

In  the  Carter  mine,  3^  mile  south  of  Oatman,  the  main  oreshoot, 
about  15  ft.  in  width  descending  from  the  150-ft.  level  to  the  400-ft.  level, 
is  said  to  contain  5  ft.  of  ore  which  averages  about  $30  to  the  ton,  and  8 

"  W.  P.  DeWolf :  The  Tom  Reed-Gold  Road,  SaU  Lake  Mining  Review,  vol.  17, 
No.  13,  p.  16  (Oct.,  1915). 
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ft.  that  averages  $8  to  the  ton.  This  property  is  said  to  have  shipped, 
several  years  ago,  some  very  rich  ore  taken  from  between  the  surface  and 
the  150-ft.  level.  This  same  vein  is  thought  to  extend  through  the  adjoin- 
ing Telluride  and  Lucky  Boy  properties,  where  on  the  300-ft.  level  the 
entire  width  of  25  ft.  is  good  milling  ore. 

The  Gold  Reed  mine,  a  mile  south  of  Oatman,  has  4  ft.  of  $32  ore  on 
the  375-ft.  level 

On  the  Times  property,  the  vein  recently  opened  at  270  ft.  in  from 
the  portal  of  the  Martin  tunnel,  reveals  5  ft.  of  ore,  averaging  nearly  S24 
to  the  ton. 

On  the  north,  the  Gold  Ore  mine,  ^  mile  northeast  of  Gold  Boad,  is 
credited  with  a  9-ft.  vein  on  the  500-  and  550-f t.  levels  containing  a  6-ft. 
shoot  of  ore  which  for  the  distance  of  300  ft.  averages  abdut  $12  to  the 
ton,  and  a  considerable  portion  of  it  nearly  $100  to  the  ton.  More  than 
75,000  tons  of  ore  are  said  to  be  blocked  out  above  the  550-f t.  level.  DaOy 
shipments  of  ore  averaging  nearly  $25  to  the  ton  are  made  to  the  Gold 
Road  mill. 

The  old  Moss  mine,  where  the  original  discovery  of  mineral  in  the 
Mohave  County  region  was  made,  is  being  developed  by  the  owners  of 
the  Gold  Road  mine  and  $60  ore  is  being  mined  from  the  200-ft.  level. 

In  the  Ivanhoe  mine,  2  miles  northwest  of  Oatman,  the  vein,  whose 
footwaU  is  a  partially  mineraUzed  75-ft.  "quartz  porphyry  dike  cutting 
andesite  and  underl3dng  sedimentaries,"  on  the  250-ft.  level,  has  a  width 
of  60  ft.,  and  on  the  500-ft.  level  6  ft.  of  milling  ore  has  just  been  crosscut 
on  the  footwall  side.  Some  high-grade  ore  has  been  shipped  to  the  Gold 
Road  miU. 

Attention  is  also  being  attracted  to  the  Secret  Pass  district,  6  miles 
north  of  Gold  Road,  which  with  a  small  mill  is  making  considerable  pro- 
duction mostly  from  high-grade  surface  ore.  Here  the  occurrence  is 
unusual,  the  ore,  according  to  Payne,**  being  found  chiefly  as  replace- 
ment deposits  in  the  rock  walls  of  a  fissure  occupied  by  a  dike  which  the 
ore  seems  to  postdate.  The  bullion,  which  is  shipped  to  the  U.  S.  Mint 
at  San  Francisco,  is  said  to  average  about  $15  to  the  ounce  in  gold.  The 
population  during  the  last  few  months  of  1915  increased  from  100  to  400, 
with  prospecting  extending  over  an  area  of  several  square  miles. 

At  about  6  miles  south  of  Oatman,  promising  deposits  are  reported 
in  the  Black  Range  zone,  where  a  dozen  companies  are  operating.  Con- 
cerning the  rocks  in  this  part  of  the  field,  which  have  been  roughly  grouped 
with  the  undifferentiated  volcanics,  little  is  known  as  yet. 

The  deposits  occur  in  a  series  of  veins  of  which  the  one  on  which  the 
principal  mines  are  located  is  a  prominent  -quartz  outcrop  known  as  the 
Nellie  vein.  It  has  been  traced  for  the  distance  of  several  thousand  feet 
and  opened  to  the  depth  of  300  ft.  on  the  Black  Range,  Nellie  and  Green 

'*  C.  Q.  Payne:  Oral  communioation. 
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300-ft.  level,  of  which  3  ft.  averages  about  $30  tathe  ton.  Here,  also,  the 
country  wall  rock  extending  along  the  vein,  for  a  width  of  60  ft.  or  more, 
is  impregnated  with  replacement  deposits  and  averages  nearly  $6  in  gold 
to  the  ton. 

In  referring  to  the  future  of  the  Tom  Reed-Gold  Road  district,  some 
men  favorably  compare  it  with  Goldfield,  Cripple  Creek  or  other  large 
camps  and  hold  that  it  will  become  one  of  the  greatest  gold-producing 
districts  in  the  United  States.  Among  the  more  conservative  and  seem- 
ingly reasonable  views  is  that  of  Palmer,**  who  believes  that  it  will 
become  comparable  with  the  Tintic  district,  Utah,  that  it  will  become  a 
large  low-grade  camp  with  several  producing  mines  which  will  yield 
dividends  for  many  years  to  come. 

Fields  Similar  to  the  Tom  Reed-Gold  Road  District 

Recent  investigations*^  have  shown  that  the  southern  end  of  the 
Black  Mountains  containing  the  Tom  Reed-Gold  Road  district  is  the 
easterly  one  of  a  niunber  of  similar  volcanic  areas  which  extend  inter- 
ruptedly westward  on  either  side  of  the  railroad  through  the  distance  of 
nearly  100  miles  to  the  longitude  of  Barstow,  Cal.  In  these  areas — which 
embrace  the  Mohave  and  Chemehuevis  Mountains,  the  ranges  west  of 
Von  Triger,  Clipper  Mountain,  the  Cady  Mountains,  the  Newberry-Ord 
district,  and  the  well-known  Calico  Mountain  group  and  others — the 
geological  and  mineralogical  conditions  are  very  similar  to  what  they  are 
in  the  Tom  Reed-Gold  Road  district.  The  areas  lie  from  a  few  miles  to 
25  or  30  miles  back  from  the  railroad.  Their  volcanic  rocks,  which  in 
character,  recurrence,  and  succession,  are  in  general  identical  with  those 
in  the  Tom  Reed-Gold  Road  district,  range  up  to  2,000  ft.  or  more  in 
thickness,  are  frequently  well-mineralized,  and  contain  strong  veins. 
Most  of  the  areas  have  been  but  Uttle  prospected,  but  some,  as  that  of  the 
CaUco  Mountain  group,  are  productive.  / 

«•  Op.  ca.j  p.  900. 

"  N.  H.  Darton  and  others:  Guidebook  of  the  Weetem  United  States,  Part  C, 
The  Santa  Fe  Route,  Bulletin  No,  613,  U,  S.  Geological  Survey,  pp.  142  to  162  and 
sheets  21,  22,  and  23  (1915). 
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TRANaACTIONS  OP  THE  AMERICAN  INSTITUTE  OP  MINING  ENGINEERS 
[8I3BJECT  TO  REVISION] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  ivreferAblsr  be  ivraiented  in  j)enoii  at  the 
New  York  meeting,  February,  1017,  when  an  abetraet  of  the  paper  will  be  read.  If  this  u  imDoaaible, 
then  diMUMion  in  writins  may  be  lent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  repreeentatiye  of  its  author. 
Unless  speoial  arrangement  is  made,  the  disoussion  of  this  paper  will  dose  Apr.  1, 1017.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Influence  of  the  Movement  in  Shales  on  the  Area  of  Oil  Production 

BT   RICHARD   A.   CONKUNO,*  A.  B.,   TULSA,    OKLA. 
(New  York  Meeting,  February,  1017) 

A  SHALE  layer,  buried  beneath  two  or  three  thousand  feet  of  strata, 
in  some  instances;  will  upon  folding  become  thicker  in  the  synclines  and 
thinner  on  top  of  the  anticUnes. 

This  can  be  accounted  for,  in  part,  by  the  stretching  on  the  crests 
of  the  fold  and  the  compressing  in  the  troughs;  but  this  will  by  no  means 
accoimt  for  all  of  it,  as  is  shown  in  the  example  herein  set  forth. 

I^  is  my  firm  belief  that  the  rest  of  the  thickness  is  due  to  flow.  What 
causes  the  movement,  however,  does  not  concern  us  here,  so  long  as 
there  is  movement,  for  this  article  purposes  to  show  its  effect  upon  the 
producing  area  of  different  sands. 

It  is  the  author's  hope,  in  this  way,  to  drop  a  hint  or  two  that  may 
be  valuable  to  the  oil  geologist,  in  maldng  estimates  of  future  productions 
and  values  of  oil  properties.  An  example  will  be  given  from  property 
in  the  famous  Gushing  Pool  in  northeastern  Oklahoma,  where  the  author 
has  had  occasion  to  make  a  detailed  study  before  recommending  some 
property  to  his  company,  and  has  then  been  able  to  watch  the  results  of 
this  work. 

The  author  never  mapped  the  surface  structure  in  this  pool,  as  this 
had  been  done  by  Frank  Buttram  when  he  was  with  the  Oklahoma 
Geological  Survey.  We  are  using,  therefore,  a  section  of  his  map  in 
this  article  for  our  surface  contours.  The  main  east  dip  comes  farther 
east  than  this  section  shows. 

From  the  10-ft.  contours  in  Fig.  1,  it  will  be  seen  that  the  surface 
folding  is  very  slight,  but  in  the  contour  map  of  the  Bartlesville  sand 
(Fig.  2),  which  was  the  greatest  producing  sand,  we  see  much  more 
complex  folding.  It  seems  that  the  folding  becomes  greater  with  the 
depth.  Folding  may  have  started  in  Middle  Pennsylvanian  times  and 
continued  through  the  Upper  Pennsylvanian  which  is  found  at  the  sur- 
face- This  may,  or  may  not,  have  been  the  cause  of  the  increase  of  fold- 
ing with  depth.  However,  the  fact  that  mostly  concerns  us  is  the  interval 
of  shale  between  the  Bartlesville  sand  and  the  Tucker  sand.  The  Tucker 
is  the  next  productive  sand  below  the  Bartlesville.  Not  enough  wells 
have  been  drilled  to  the  Tucker  sand  to  make  a  contour  map  of  it,  but 


*  Head  Geologist,  Roxana  Petroleum  Co. 
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the  figures  beside  the  wells  on  Fig.  2  show  the  interval  between  the  top 
of  the  Bartlesville  and  the  top  of  the  Tucker. 

-The  entire  area  shown  in  Fig.  2,  except  the  southeast  corner,  was 
productive  in  the  Bartlesville  sand.  On  the  west  edge  of  Section  10,  a 
syncline  will  be  observed.  Water  was  encountered  in  this  syncline  at 
the  bottom  of  the  Bartlesville,  but  it  did  not  rise  high  enough  to  ruin 
the  wells  for  some  time.  The  producing  area  of  the  Tucker  sand  is 
much  smaller,  however,  as  the  surface  of  the  sand  dips  more  steeply 


Fig.  1. — Section  or  Cushinq  Field.    Contoubs  on  Pawhttska  Limbstone. 

and  goes  more  rapidly  into  water.  It  will  be  seen  from  the  figures  on 
the  north  Une  of  Sections  8  and  9,  and  from  the  cross-section  (Fig.  3) 
taken  along  that  line,  that  the  Tucker  sand  dips  almost  twice  as  steeply 
as  the  Bartlesville  sand.  The  latter  dips  70  ft.  from  Well  No.  12,  M^ey 
Yarhola,  to  Well  No.  4  of  the  Gypsy  Oil  Co.,  J^  mile  east,  while  the 
former  dips  123  ft.  in  the  same  distance.  The  difference  is  entirely  due 
to  the  thickening  of  the  shale  interval  between  the  two  sands. 

The  producing  area  of  the  Tucker  sand  is,  therefore,  only  a  little 
over  J^  mile  across.  On  top  of  this  narrow  anticUne,  however,  was 
drilled  the  biggest  producer  of  light  oil  known  to  the  writer,  namely,  the 
No.  11  Jackson  Barnett  of  the  Gypsy  Oil  Co.  of  Oklahoma,  which  came 
in  at  14,000  bbl.  per  day. 
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Fig.  3. — Section  Showing  Top  of  Bartlbsville  and  Tucker  Sand. 
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After  a  few  wells  had  been  drilled  to  this  sand,  the  exact  limit  of 
production  was  figured  out,  and  our  company  is  drilling  accordingly. 
By  taking  this  thickening  into  account,  millions  of  dollars  were  irade 
for  our  company  on  purchasing  of  land. 

It  will  be  seen  that  the  same  is  true  of  the  other  domes  on  the  maps. 
Of  course  these  details  cannot  be  told  from  the  surface,  but  if  one  recog- 
nizes the  conditions  that  these  facts  set  forth,  one  need  not  go  far  astray 
when  estimating  the  possible  deeper-sand  production  in  a  developed 
field. 
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Introdttction 

The  term  asbestos,  as  commonly  used,  includes  half  a  dozen  minerals 
11  having  a  well-developed  fibrous  structure,  but  differing  in  chemical 
)mpK>aition  and  in  some  of  their  physical  properties.  In  its  strict 
pplication  the  name  is  limited  to  the  fibrous  varieties  of  the  monocUnic 
nphiboles.  C!ommercially,  however,  the  most  important  of  the  asbes- 
form  minerals  is  chrysotile,  a  fibrous  variety  of  serpentine.  About  95 . 
ir  cent,  of  the  asbestos  used  in  manufacturing  is  chrysotile,  and  it 
>mniands  a  much  higher  price  than  any  of  the  other  fibrous  minerals 
)w  on  the  market. 

Although  the  production  of  asbestos  has  increased  rapidly  in  recent 

•ars,  comparatively  little  has  been  published  concerning  its  origin. 

le  present  paper  is  preliminary  in  its  nature,  and  therefore  does  not 

etend  to  exhaust  the  subject.    The  ideas  herein  developed  are  the  result 

field  investigation,  laboratory  experiments  in  the  growth  of  fibrous 

*  Manuscript  received  by  the  Secretary  on  June  26,  1916. 

^  State  Geologist  and  Professor  of  Geology  at  the  University  of  South  Carolina. 
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crystals,  and  the  examination  of  asbestos  specimens  from  the  more  im- 
portant producing  districts,  as  well  as  a  careful  study  of  the  work  of 
previous  investigators. 

ASBESTIFORM     MINERALS 

Chemical  and  Mineralogical  Relations 

The  table  given  below  contains  the  group  name  and  species  of  the 
various  fibrous  minerals  to  which  the  term  asbestos  is  commonly  applied. 
The  name  of  each  mineral  is  accompanied  by  its  chemical  formula  as 
given  in  Dana's  System  of  Mineralogy, 

Asbestiform  Minerals 
Amphibole  Group 

Orthorhombic  Section 

Anthophyllite  (Mg,Fe)  SiOj 
Monoclinic  Section 

Tremolite  CaMg,(Si03)4 

Actinolite  Ca(Mg,Fe)3(Si08)4 

CrocidoUte  NaFe(Si03)2.FeSiO, 
Serpentine  H4Mg8Si209 

"Chrysotile 

Picrolite 

All  of  the  minerals  listed  in  the  table  have  both  fibrous  and  non- 
fibrous  varieties.  The  fibrous  varieties  never  show  the  outward  form 
of  crystals  except  as  pseudomorphs,  but  the  fact  that  they  are  crystal- 
line is  proved  by  their  optical  properties  and  other  evidences  of  regular 
internal  molecular  structure.  Well-developed  euhedral  crystals  of 
tremoUte  and  actinolite  are  quite  common,  especially  where  these  miner- 
als have  developed  in  metamorphic  Umestones  or  have  grown  in  cavities. 
Euhedral  crystals  of  anthophylhte  are  very  rare,  they  have  never  been 
reported  for  crocidoUte,  and  serpentine  has  no  crystal  form  of  its  own, 
though  frequently  occurring  as  a  pseudomorph  after  other  minerals. 

Tremolite  and  actinolite  usually  assume  more  or  less  elongated 
prismatic  forms.  Often  the  crystals  occur  in  aggregates  of  parallel 
prisms  or  in  groups  having  a  radial  arrangement.^  There  is  every  grada- 
tion in  structure  from  the  normal  prismatic  forms  through  the  slender  and 
columnar  into  the  fibrous.  The  habit  of  anthophyllite  is  similar,  except 
that  radiating  groups  are  relatively  more  abundant  and  the  structure  is 
more  inclined  to  be  fibrous.  CrocidoUte  is  usually  fibrous  but  is  some- 
times massive  or  earthy.^  Serpentine  is  generally  massive  in  appearance, 
frequently  fibrous,  and  sometimes  foUated.    Examined  under  the  micro- 

1 E.  S.  Dana:  A  System  of  Mineralogy,  Ed.  6,  p.  400  (1914). 
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scope,  even  the  massive  varieties  commonly  show  a  more  or  less  finely 
fibrous  structure,  though  occasionally  the  serpentine  is  in  the  form  of 
minute  scales.  The  amphiboles  possess  a  well-developed  prismatic 
cleavage  intersecting  at  angles  of  54°  to  56°,  while  the  chrysotile  variety 
of  serpentine  is  said  to  have  a  prismatic  cleavage  of  50°. 

In  chemical  composition  these  minerals  are  characterized  by  the 
absence  of  aluminum  and  by  the  presence  of  magnesium  in  all  except 
crocidolite,  which  contains  instead  a  notable  percentage  of  sodium. 
TremoUte  and  actinohte  are  distinguished  by  the  presence  of  calcium 
as  an  essential  element.  The  fibrous  amphiboles  are  all  normal  metasili- 
cates,  and  serpentine  is  a  hydrous  orthosilicate.  These  minerals  are  all 
secondary,  being  formed  from  other  minerals,  auji  for  the  most  part  they 
are  confined  to  metamorphic  rocks,  which  have  had  in  some  instances 
an  igneous  and  in  others  a  sedimentary  origin. 

Physical  Properties 

The  commercial  value  of  asbestos  and  the  uses  to  which  the  different 
varieties  may  be  put  are  dependent  upon  the  physical  properties;  fineness, 
length  and  flexibiUty  of  fiber,  tensile  strength,  and  heat-  and  acid-resisting 
properties. 

All  of  the  different  varieties  of  asbestos  may  be  spUt  up  into  exceed- 
ingly fine  fibers,  and  when  the  finest  obtainable  fibers,  having  a  diameter 
of  0.002  mm.  or  less,  are  examined  imder  the  microscope,  they  are 
usually  seen  to  be  made  up  of  still  smaller  fibers.  The  number  and  fine- 
ness of  the  smallest  fibers  distinguishable  under'  the  microscope  increase 
with  every  increase  in  the  power  of  magnification,  and  there  is  no 
apparent  limit  to  this  subdivision. 

Bunches  of  amphibole  asbestos,  of  the  sUp-fiber  type,  are  sometimes 
found  with  a  length  of  2  or  3  ft.,  but  when  these  bunches  are  split  up 
into  smaller  and  smaller  bundles,  the  length  of  the  bundles  tends  to 
decrease  with  their  diameter.  This  indicates  that  the  long  bimdles 
probably  consist  of  shorter  interlaced  and  overlapping  bundles  of  fibers. 
In  chrysotile  veins  the  fibers  seldom  have  a  length  of  over  2  or  3  in., 
and  the  bulk  of  the  material  mined  averages  less  than  ^  in.  The  longer 
fibers  are  commonly  cut  by  planes  of  jointing,  sometimes  almost  invisible, 
and  sometimes  marked  by  the  presence  of  foreign  material. 

Chrysotile  fibers  are  the  most  flexible,  but  fibers  of  crocidolite  are 
almost  if  not  equally  as  good  in  this  respect.  The  other  varieties  of 
amphibole  asbestos  are,  on  the  whole,  less  flexible,  and,  while  this 
property  varies  greatly  in  each  of  the  different  species,  the  fibers  of  antho- 
phyllite  seem  to  be  somewhat  more  flexible  than  similar  fibers  of  tremoUte 
or  actinolite.  Rcrolite  is  similar  to  chrysotile  except  that  the  fibers  are 
coarser  and  more  brittle.    The  latter  mineral  is  of  no  commercial  im- 
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portance.  Little  is  known  concerning  the  tensile  strength  of  the  different 
species  of  asbestos,  but  the  experiments  of  Haussman^  indicate  that 
crocidoUte  has  the  greatest  tensile  strength,  and  chrysotile  probably 
ranks  second. 

Chrysotile  easily  withstands  temperatures  of  2,000®  to  3,000**  F., 
while  with  some  varieties  a  temperature  of  5,000**  F.,  produces  no  visible 
effect.'  At  red  heat  it  gives  up  water  and  becomes  brittle.  Anthophyl- 
lite  under  the  same  conditions  remains  practically  unaltered.  Tremolite 
and  actinolite  fuse  at  somewhat  lower  temperatures,  while  crocidolite 
fuses  so  easily  that  it  is  useless  for  many  purposes  where  asbestos  is 
commonly  employed. 

Chrysotile  is  readily  attacked  by  relatively  weak  acids,  being  decom- 
posed with  the  separation  of  silica;  the  amphibole  varieties,  especially 
tremolite  and  anthophyUite,  are  very  resistant  even  when  subjected  to 
the  action  of  concentrated  acids. 

Ttpbs  of  Asbestos 

Three  types  of  asbestos  fiber  are  recognized — cross-fiber,  slip-fiber 
and  mass-fiber.  Cross-fiber  asbestos  occurs  in  veins  with  the  fibers 
extending  transverse  to  the  strike  of  the  vein.  Usually  the  fibers  are 
approximately  perpendicular  to  the  inclosing  walls,  frequently  they  are 
more  or  less  oblique  and  occasionally  they  are  curved  or  abruptly  bent. 
Slip-fiber  is  found  along  fault  planes,  often  accompanied  by  slicken- 
sides,  and  the  direction  of  the  parallel  fibers  records  the  direction  of  dis- 
placement. The  amount  of  displacement  is  usually  small.  Slip-fiber 
asbestos  is  commonly  distributed  in  thin  layers  that  are  not  as  a  rule 
continuous  for  any  considerable  distance,  but  occasionally  it  is  found  in 
masses  a  foot  or  more  in  thickness.  All  gradations  are  to  be  found 
between  the  cross-fiber  and  slip-fiber  types.  Mass-fiber  asbestos  occurs 
in  fibrous  bundles  or  groups  varying  in  size  and  orientation.  The  fibers 
may  be  parallel  but  are  usually  divergent  and  often  radiating.  In  the 
type  occurrence  at  SaU  Mountain,  Georgia,  mass-fiber  asbestos  makes 
up  practically  the  entire  rock  mass.  Gradations  between  the  mass-fiber 
and  sUp-fiber  types  probably  exist,  although,  so  far  as  the  writer  is  aware, 
none  has  been  described. 

AnthophyUite  has  been  reported  as  occurring  in  all  three  ways,  and 
it  is  the  only  variety  of  asbestos  known  to  occur  as  mass-fiber.  The 
asbestiform  varieties  of  tremolite  and  actinolite  are  practically  limited 
to  the  slip-fiber  type  although  two  occurrences  of  true  asbestos  in  the 


'  J.  F.  L.  Haussman:  Handbuch  der  Mineraloffie,  p.  734  (1S47). 
*  Fritz   Cirkel:  Chrysotile- Asbestos,  Its  Occurrence,  Exploitation,   Milling  and 
Uses,  PM.  2.,  Canada  Department  of  Mines,  Mines  Branch,  Report  No.  69,  p.  30  (1910j. 
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form  of  cross-fiber  have  been  described.*  Crocidolite  has  been  reported 
only  in  cross-fiber  veins,  but  there  is  every  reason  for  beUeving  that  it 
may  be  found  also  as  slip-fiber.  Very  little  is  known  as  yet  concerning 
the  occurrence  of  crocidolite.  Most  of  the  commercially  important 
deposits  of  chrysotile  are  of  the  cross-fiber  type,  but  slip-fiber  is  also  very 
common. 

Origin  of  the  Fibrous  Structure 
Views  of  Previous  Investigators 

The  wonderfully  fibrous  structure  of  the  asbestos  minerals  has  aroused 
interest  and  curiosity  ever  since  they  were  first  discovered,  and  yet  Uttle 
by  way  of  explanation  of  this  peculiar  structure  is  to  be  found  in  geologic 
literature.  Why  these  minerals  sometimes  possess  an  asbestiform  struc- 
ture and  sometimes  do  not  is  a  question  on  which  few  geologists  have 
advanced  an  opinion. 

Merrill^  expresses  the  beUef  that  the  fibrous  structure  in  the  case  of 
anthophyllite  ''and  of  the  true  asbestos  as  well,  is  due,  in  many  instances 
at  least,  to  a  process  of  shearing — ^is,  in  fact,  an  exaggerated  form  of  the 
process  of  uralitization." 

Heddle^  and  MerrilP  have  described  instances  in  which  the  fibrous 
structure  of  anthophyllite  has  been  accentuated  by  weathering.  Hop- 
kins® apparently  adopts  this  view  in  part  for  the  deposits  at  Sail  Mountain, 
Georgia. 

Heddle*  argued  that  chrysotile  must  be  pseudomorphic,  since  serpen- 
tine is  a  mineral  incapable  of  assuming  a  chrystalline  form,  but,  after 
describing  the  chrysotile  found  near  "Hesta  Ness,  which  terminates  the 
south  side  of  the  bay  of  Gruting,  in  Fetlar,  Shetland,"  he  suggests  that 
''As  the  magnetite  here  is  itself  saturated  with  a  serpentinous  basis, 
there  is  a  possibility  that  the  fibrous  structure  of  the  chrysotile  may  be 
the  result  of  its  protrusion,  by  an  exfiltration  process,  through  the  inter- 
stices of  the  granular  magnetite,  which  interstices  acted  upon  the 
mineral  in  a  manner  similar  to  the  holes  in  a  draw-plate." 


^  M.  F.  Heddle:  Chapters  on  the  Mineralogy  of  Scotland,  TranaaUums  of  the  Royal 
Society  of  Edinburgh,  vol.  28,  pp.  603-504  and  531  (1877-78).  Also  quoted  by 
G.  P.  Merrill  in  Notes  on  Asbestos  and  Asbestiform  Minerals,  Proceedings  of  the 
U.  S.  Natvmal  Museum,  vol.  18,  pp.  286^287  (1895). 

»  G.  P.  Merrill:  Notes  on  Asbestos  and  Asbestiform  Minerals,  Proceedings  of  the 
U.  S.  National  Museum,  vol.  18,  p.  289  (1895). 

•  M.  F.  Heddle:  Op.  cU.,  pp.  502  and  504. 
T  Op.  cU.,  p.  288. 

«  O.  B.  Hopkins:  Report  on  the  Asbestos,  Talc  and  Soapstone  Deposits  of  Georgia. 
Geological  Survey  of  Georgia,  Bulletin  No.  29,  p.  106  (1914). 

•  M.  F.  Heddle:  Op.  cU.,  pp.  535-536. 
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Dana,^®  in  his  Systematic  Mineralogy,  gave  the  following  explanation 
of  the  origin  of  fibrous  structure:  ''When  a  solution  is  spread  thinly 
over  a  large  surface,  minute  crystalline  points  encrust  the  whole,  and  if 
the  solution  be  gradually  supplied,  ds  crystallization  goes  on,  it  is  obvious 
that  the  minute  points  may  elongate  into  crowded  prisms  of  fibres,  pro- 
ducing a  fibrous  structure.  Such  a  structure  is  common  in  narrow  seams 
in  rocks,  and  the  fibres  are  usually  elongated  across  the  seam." 

Cirkel^^  quotes  this  explaiiation  and  then  adds:  "It  seems  that  this 
paragraph  refers  to  chrysotile;  because  the  crystals  of  the  same  are 
elongated  across  the  seam  in  the  precise  mode  described."  Dana's 
hypothesis  is  probably  the  correct  explanation  of  the  fibrous  structure 
seen  in  the  stalactitic,  mammillary,  and  similar  forms  that  have  been 
deposited  in  open  spaces  from  a  thin  layer  of  solution,  but  there  is  no 
evidence  that  any  of  the  varieties  of  asbestos  have  been  formed  in  this 
way. 

The  hypothesis  advanced  by  Cirkel"  is  that,  "chrysotile* may  have 
been  an  extreme  example  of  crystallization  which  took  place  under  condi- 
tions of  high  temperature  and  extreme  pressure." 

While  the  writer  has  not  had  the  opportunity  of  making  an  exhaustive 
search  of  the  literature,  he  believes  that  the  various  explanations  of 
fibrous  structure  listed  above  include  the  more  important  hypotheses 
so  far  advanced  by  scientific  investigators. 

Discussion  of  the  Evidence 

Microscopic  examination  shows  that  bundles  consisting  of  thousands 
of  small  fibers  of  chrysotile  or  amphibole  asbestos  behave  as  crystal 
units,  an  entire  bundle  exhibiting  the  same  optical  properties  as  any  one 
of  the  component  fibers.  The  fact  that  all  of  the  asbestiform  minerals 
have  prismatic  cleavage  suggests  that  the  fibrous  structure  may  be  due 
to  an  abnormal  development  of  the  cleavage  or  at  least  that  the  separation 
of  the  fibers  takes  place  along  cleavage  planes.  This  hypothesis  is  sup- 
ported by  the  prismatic  form  shown  by  most  of  the  smallest  obtainable 
fibers  of  amphibole  asbestos,  when  they  are  examined  under  the  micro- 
scope, but  fibers  of  chiysotile  usually  possess  irregular  polygonal  or 
rounded  cross-sections.  The  highly  fibrous  structure  of  the  asbestiform 
minerals  is  not,  however,  a  crystallization  phenomenon  in  the  sense  that 
it  is  due  solely  to  the  inherent  physical  properties  of  the  crystal  molecule, 
for  all  minerals  having  asbestiform  varieties  occur  in  non-fibrous  as  weD 
as  fibrous  forms.     Moreover,  there  are  intermediate  gradations  between 

^^J.  D.  DasiAi  Syatemaiic  Mineralogy:  Section  II,  Theorelical  CrysiaUogeny, 
p.  124  (1850). 

"  Frit«  Cirkel:  Op.  cU,,  p.  93. 
^*Loc.cU.,p.  93. 
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the  non-fibrous  and  the  asbestiform  varieties  of  serpentine  and  of  the 
amphiboles  with  the  possible  exception  of  crocidolite. 

Why  is  it,  then,  that  these  minerals  sometimes  have  a  fibrous  or 
asbestiform  structure,  while  at  other  times  they  are  non-fibrous?  The 
answer  to  this  question,  the  writer  believes,  is  to  be  found  chiefly  in  the 
physical  conditions  under  which  the  minerals  were  formed. 

The  primary  minerals  of  igneous  rocks  never  show  an  asbestiform 
structure  even  in  the  case  of  minerals  possessing  perfect  prismatic  cleav- 
age, and  this  statement  is  true  in  general  for  all  minerals  that  have  grown 
in  free  contact  with  supersaturated  solutions.  The  latter  generaliza- 
tion will  be  objected  to  by  those  who  believe  that  crobs-fiber  veins  have 
been  deposited  from  solutions  circulating  along  open  fractures,  but  the 
writer  has  found  no  evidence  supporting  such  an  hypothesis.  This  ques- 
tion, however,  is  later  discussed  in  detail  under  the  origin  of  cross-fiber 
veins. 

There  are  many  minerals  that  have  fibrous  varieties.  Most  of 
them  do  not  have  a  prismatic  cleavage,  some  have  no  cleavage  at  all, 
and  at  least  one  such  mineral,  limonite,  is  always  amorphous  and  never 
crystalline.  The  fibrous  varieties  of  these  minerals  diflfer  from  asbestos 
chiefly  in  having  fibers  that  are  coarser,  more  brittle  and  not  so  easily 
separable.  With  fibers  of  equal  size  the  flexibility  and  tensile  strength 
are  probably  determined  very  largely  by  chemical  composition. 

In  the  case  of  those  minerals  that  do  not  have  a  prismatic  cleavage 
and  do  not  normally  have  a  columnar  or  prismatic  habit,  the  fibrous 
structure  is  obviously  due  to  physical  conditions  which  have  prevented 
crystal  growth  except  in  one  direction.  If  a  mineral  having  perfect 
prismatic  habit  and  cleavage  develops  under  physical  conditions  that 
limit  growth  to  a  direction  parallel  to  the  principal  axis,  then  the  fibrous 
structure  may  be  accentuated  to  such  an  extent  as  to  make  the  mineral 
truly  asbestiform.  A  careful  comparison  of  the  occurrences  of  all  the 
common  fibrous  minerals  indicates  that  the  commercially  important 
deposits  of  the  asbestiform  minerals  have  been  formed  under  the  same 
physical  conditions  that  result  in  the  development  of  a  well-defined  fibrous 
structure  in  other  minerals. 

That  the  peculiar  structure  of  asbestiform  minerals  is  usually  due 
to  the  accentuation  of  a  normal  prismatic  habit  and  cleavage  through  the 
limitation  of  crystal  growth  by  physical  conditions  is  the  author's  thesis. 
Recently  he  conducted  a  series  of  laboratory  experiments  with  the  object 
of  determining  the  essential  conditions  for  the  development  of  fibrous 
crystals.  Some  of  these  experiments  have  been  referred  to  in  another 
paper,  ^^  and  it  is  planned  to  publish  a  detailed  account  of  the  others  in  the 
near  future.    All  questions  connected  with  the  problem  have  not  been 

^'  Stephen  Taber:  The  Growth  of  Crystals  under  External  Pressure,  American 
Journal  of  Science^  Ser.  4,  vol,  41,  pp.  632-556  (1916). 
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cleared  up,  but  some  of  the  facts  established  have  an  important  bearing  on 
the  present  discussion. 

CondumonB 

The  shape  of  a  gro^ifing  crystal  is  controlled  by  one  or  more  of  three 
independent  factors,  namely:  (1)  the  tendency  to  assume  a  regular 
polyhedral  form  because  of  the  forces  of  surface  tension  and  molecular 
orientation;  (2)  the  relative  and  absolute  magnitude  of  the  external 
forces  resisting  growth  in  different  directions;  and  (3)  the  accessibility  of 
the  material  from' which  the  crystal  is  built. 

1.  Some  crystalline  substances  normally  have  a  prismatic  or  colima- 
nar  habit  because  of  the  intermolecular  forces  controlling  the  develop- 
ment of  crystal  faces,  and  under  favorable  conditions  slender  acicular 
or  hair-like  crystals  may  result;  but  a  highly  fibrous  or  asbestiform  struc- 
ture is  never  developed  even  in  the  case  of  minerals  having  perfect  pris- 
matic cleavage,  without  the  assistance  of  one  of  the  other  two  factors. 

2.  If  crystals  are  imder  unequal  pressure,  growth  may  be  limited  to 
the  direction  of  least  pressure.  When  crystals  grow  through  the  addition 
of  new  material  from  solutions,  growth  takes  place  only  where  the 
solutions  are  supersaturated  with  respect  to  the  crystal  surfaces  with 
which  they  are  in  contact,  and  growth  must  continue  regardless  of  resist- 
ing forces  as  long  as  supersaturation  is  maintained.  But  pressure  in- 
creases the  solubility  of  all  substances  that  go  into  solution  with  decrease 
in  volume,  and  therefore  any  increase  in  pressure  must  be  accompanied 
by  a  corresponding  increase  in  the  concentration  of  the  solution,  if  growth 
is  to  continue.  Crystals  subjected  to  unequal  pressure  may  even  go 
into  solution  on  the  surfaces  that  are  under  the  greater  pressure,  while  at 
the  same  time  deposition  is  taking  place  along  the  line  of  least  pressure; 
and  if  the  normal  habit  of  the  crystals  is  columnar,  then  those  crystals 
that  are  oriented  with  their  longer  axes  parallel  to  the  least  pressure  will 
tend  to  grow  at  the  expense  of  those  that  are  less  favorably  oriented. 

In  the  same  way  imequal  pressure  may  control  the  direction  of  growth 
and  therefore  the  shape  of  crystals,  when  crystallization  from  a  state  of 
fusion  takes  place,  with  increase  in  volume.  There  are,  however,  only  afew 
substances,  such  as  ice,  that  solidify  with  expansion  in  volume.  Unequal 
pressure  may  also  determine  the  shape  of  secondary  minerals  formed 
without  going  into  solution,  for,  when  the  alteration  of  one  mineral  to 
another  is  accompanied  by  increase  in  volume,  pressure  tends  to  prevent 
the  alteration,  and  therefore  the  effect  of  unequal  pressure  may  be  to 
limit  alteration  and  the  growth  of  the  new  mineral  to  the  direction  of 
least  pressure. 

Unequal  pressure  always  sets  up  shearing  stresses,  and  in  the  case 
of  cleavable  minerals  these  stresses  are  relieved  most  easily  by  slipping 
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along  cleavage  planee,  thus  making  the  cleavage  more  pronounced. 
The  effect  of  shearing  on  minerals  with  prismatic  cleavage  may  therefore 
be  a  factor  of  some  importance  in  producing  a  fibrous  structure. 

The  development  of  fibrous  structure  is  undoubtedly  in  some  instances 
to  be  attributed  to  growth  under  imequal  pressure,  but  this  is  not  the 
commonest  cause  of  the  phenomenon. 

3.  The  study  of  fibrous  minerals  and  their^  occiurence  in  nature,  as 
well  as  the  results  of  laboratory  experiments  in  the  growth  of  fibrous 
crystals,  leads  to  the  conclusion  that  in  most  cases  the  development  of 
fibrous  sj^ructure  has  been  due  primarily  to  the  fact  that  the  material 
fr^m  which  the  growing  crystals  were  built  was  accessible  only  in  one 
direction.  This  is  the  most  probable  reason  why  secondary  minerals  are 
so  frequently  fibrous.  For  example,  when  serpentine  is  formed  from 
olivine,  the  alteration  sets  in  from  the  exterior  of  the  crystal  and  from 
cracks,  and  the  resulting  serpentine  is  usually  in  the  form  of  microscopic 
fibers  that  devielop  normal  to  these  surfaces.  The  fibrous  form  is  gradu- 
ally assumed  by  the  microscopic  crystals,  because  growth  takes  place 
only  at  their  base  where  they  may  receive  additions  of  new  material  aa 
alteration  of  the  olivine  progresses.  In  a  partly  altered  olivine  the  micro- 
scopic veinlets  of  serpentine  are  frequently  similar  in  appearance  and 
structure  to  the  larger  veins  of  cross-fiber  chrysotile. 

The  efficacy  of  this  method  of  producing  fibrous  structure  in  crystals, 
when  growth  takes  place  through  the  addition  of  new  material  from  super- 
saturated solutions,  has  been  proved  experimentally.^^  Cups  of  porous 
porcelain  were  partly  immersed  in  concentrated  solutions  of  copper  sul- 
phate, alum  and  other  salts.  The  solutions  were  drawn  up  through  the 
capillary  pores  allowing  evaporation  to  take  place  from  the  exposed  sur- 
faces. After  a  day  or  two,  crystal  growth  began  with  the  formation  of 
irregular  spots  or  thin  crusts  on  the  upper  surfaces  of  the  cups,  and  these 
gradually  increased  in  size  and  thickness.  Later,  groups  of  fibrous 
crystals  could  be  observed  under  the  crusts  slowly  pushing  them  out- 
ward. The  fibers  continually  increased  in  length  as  long  as  the  material 
for  growth  was  available,  and  at  the  end  of  8  months  some  were  over 
2  cm.  in  length. 

In  these  experiments  crystallization  also  occurred  at  a  few  favorable 
places  within  the  walls  of  the  cups,  and,  as  growth  continued,  the  crystals 
developed  sufficient  pressure  to  produce  rupture.  The  fractures  thus 
formed  were  gradually  extended  and  widened  by  the  growth  of  fibrous 
veins,  closely  resembling  in  structure  the  cross-fiber  veins  of  chrysotile 
and  of  asbestos,  as  well  as  the  similar  veins  of  fibrous  calcite,  gypsum  and 
other  minerals.  In  some  of  the  experiments  where  alum  was  used,  it 
was  possible  to  change  the  color  of  the  solution  by  adding  chrome  alum 
in  varying  amounts,  and  thus  produce  banded  veins. 


»*  Stephen  Tftber:  Op.  cU.,  pp.  545-646. 
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Cavities  or  open  spaces  were  usually  present  under  the  central  por- 
tions of  the  larger  crusts  and  within  the  veins,  and  these  openings  were 
sometimes  partly  Uned  with  crystals  normal  in  habit  instead  of  fibrous. 
This  lack  of  uniformity  is  to  be  explained  by  the  fact  that  supersaturation 
of  the  solution  was  produced  and  maintained  by  evaporation,  and  this 
process  was  retarded  or  prevented  where  the  crusts  protected  the  solutioD 
from  contact  with  the  air.  Better  results  were  obtained  when  supersatu- 
ration was  induced  by  cooUng,  so  that  practically  uniform  concentration 
could  be  obtained  over  the  entire  crystallizing  surface. 

The  experiments  so  far  conducted  by  the  writer  indicate  that  fil^rous 
crystals  may  be  produced  in  the  manner  described  above  only  from 
substances  that  go  into  solution  with  decrease  in  volume.  ^^  Most,  if 
not  all,  of  the  rock-forming  minerals  belong  to  this  class. 

The  development  of  the  fibrous  structure  is  probably  aided  by  small 
adjustments  or  sUps  along  the  surfaces  of  the  fiber  prisms  and  cleavage 
planes  when  the  latter  are  present,  since  under  the  conditions -of  growth 
it  is  not  conceivable  that  new  material  can  be  added  at  the  end  of  each 
prism  of  a  large  group  continuously  and  at  the  same  uniform  rate.  In- 
deed observation  shows  that  such  slipping  does  take  place  in  the  groups 
of  crystals  grown  in  the  laboratory,  and  both  megascopic  and  microscopic 
examination  of  fibrous  minerals  furnishes  evidence  of  similar  sUpping. 

The  fibers  obtained  in  the  experiments  just  described  are  brittle  and 
therefore  rather  difficultly  separable,  but  occasionally  it  is  possible  to 
procure  individual  fibers  having  a  length  of  several  millimeters  and  a 
thickness  of  less  than  0.001  mm.  Such  fibers  of  copper  sulphate  and 
alum  are  flexible  and  somewhat  elastic.  The  columnar  or  fibrous  ice 
crystals  found  in  clayey  soils  grow  in  practically  the  same  way  as  the 
fibrous  crystals  described  above,  and  Merrill  has  observed  the  growth  of 
fibrous  incrustations  of  gypsum  on  the  walls  of  caves,  ^*  but  did  not 
attribute  their  fibrous  structure  to  the  manner  of  growth. 

Origin  of  CROss-FmER  Veins 

Many  different  theories,  some  of  them  rather  hypothetical,  have 
been  advanced  by  geologists  to  explain  the  origin  of  veins  of  cross-fiber 
asbestos.     These  theories  have  been  reviewed  recently  in  three  publica- 

^*  Attempts  were  made  to  obtain  similar  results  with  ammonium  chloride  and  other 
salts  that  go  into  solution  with  expansion  in  volume,  but  no  veins  were  formed  and 
the  crusts  were  enlarged  only  through  the  addition  of  new  material  on  the  outer  exposed 
surfaces,  the  solutions  reaching  these  surfaces  through  capillary  pores  in  the  crysUlline 
mass.  In  some  instances  tubular,  hair-like  crystals  were  formed,  0.01  mm.  or  less 
in  diameter,  and  these  apparently  grew  only  at  their  outer  ends,  the  new  material 
being  furnished  by  solutions  drawn  up  through  the  capillary  tubes. 

^*  G.  P.  Merrill:  On  the  Formation  of  Stalactites  and  Gypsum  Incrustations  in 
Caves,  Proceedings  of  the  U.  S.  National  Museum^  vol.  17,  pp^  77-81  (1894). 
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tions,  and  it  is  not  necessary,  therefore,  to  give  them  in  detail  here.  That 
no  general  agreement  has  been  reached,  is  shown  by  the  diversity  of 
opinion  expressed  in  the  conclusions  drawn  by  the  authors  of  the  three 
monographs  just  cited. ^^  Most  of  the  theories  are  limited  to  chrysotile 
veins  in  serpentine  and  could  not  be  appUed  to  veins  of  crocidolite  and 
other  varieties  of  amphibole  asbestos.  Since  the  origin  of  chrysotile 
is  closely  related  to  the  origin  of  the  massive  serpentine  with  which  it  is 
associated,  the  origin  of  chrysotile  veins  will  be  considered  separately. 

Chrysotile  Veins 

All  of  the  different  theories  attempting  to  explain  the  origin  of  chryso- 
tile veins  fall  under  one  or  the  other  of  the  following  classes: 

1.  The  veins  were  deposited  in  open  fissures:  (o)  by  circulating  solu- 
tions; or  (6)  through  the  segregation  of  material;  or  (c)  infiltration  of 
serpentinous  solutions  from  the  walls. 

2.  The  veins  were  formed  by  the  replacement  of  the  wall  rock  along 
small  fissures  that  served  as  channels  for  the  circulation  of  solution. 

3.  The  veins  are  portions  of  the  serpentine  that  have  crystallized 
in  situ,  the  crystals  growing  o.utward  from  preexisting  fractures  through 
which  water  entered  to  alter  the  rock  to  serpentine. 

All  of  these  theories  presuppose  the  presence  of  fractures,  and  much 
ingenuity  has  been  used  in  accounting  for  the  fractures.  They  have 
been  attributed  to:  (1)  the  contraction  of  an  igneous  magma  upon  cool- 
ing and  soUdifying;  (2)  dynamic  causes;  (3)  exfoliation,  possibly  aided 
by  the  increase  in  volume  that  accompanies  the  alteration  of  peridotite 
to  serpentine;  (4)  shrinkage  resulting  from  the  loss  of  siUca  or  other 
constituent;  and  (5)  a  partial  dehydration  of  the  serpentine. 

It  seems  to  the  writer  that  there  are  serious  objections  to  all  of  the 
theories  outlined  above,  for,  while  some  of  them  may  explain  many  of  the 
phenomena  connected  with  the  occurrence  of  asbestos  veins,  not  one 
offers  a  complete  and  adequate  explanation  of  all  of  the  known  facts. 
It  is  conceivable  that  some  chrysotile  veins  may  have  been  formed  in 
op>en  fissures,  but  it  is  mechanically  impossible  that  all  of  them  could  have 
been  formed  in  this  way.  Dresser  ^^  has  pointed  out  the  absurdity  of  this 
theory  as  applied  to  the  chrysotile  deposits  of  southern  Quebec,  Canada, 
where  the  veins,  in  places  occupying  over  10  per  cent,  of  the  entire  rock, 
run  in  all  directions  from  vertical  to  horizontal,  and  occasionally  reach 

"  FriU  Cirkel:  Op,  cU. 
J.  A.  Dresser:  Preliminary  Report  on  the  Serpentine  and  Associated  Rocks  of 
Southern  Quebec,  Canada  Department  of  Mines,  Geological  Survey,  Memoir  No.  22 
(1913). 

O.  B.  Hopkins:  Op.  cit, 
»«  J.  A.  Dresser:  Op,  cU.,  p.  65. 


Digitized  by 


Google 


1984        THE  GENESIS   OF  ASBESTOS   AND  ASBESTIFORM  MINERALS 

a  length  as  great  as  100  ft.  Pratt ^'  and  Diller'®  have  described  chrysotile 
veins  in  the  Grand  Canyon,  Arizona,  over  4,000  ft.  below  the  rim,  which 
extend  horizontally  parallel  to  the  bedding  of  the  inclosing  rocks  for 
distances  of  150  ft."  or  more. 

Moreover,  there  is  evidence,  in  many  instances  at  least,  that  the 
formation  of  the  chrysotile  veins  and  the  alteration  of  the  inclosing  rock 
to  form  serpentine  are  contemporaneous  processes.  In  the  Black  Lake 
district  of  Quebec,  where  the  alteration  of  peridotite  to  serpentine  is  not 
complete,  the  chrysotile  veins  are  bordered  on  both  sides  by  bands  of 
massive  serpentine,  and  the  width  of  the  veins  is  proportional  to  the  width 
of  the  inclosing  bands.  By  careful  measurements  Dresser*^  found  the 
ratio  of  the  chrysotile  vein  to  the  entire  band  of  serpentine  to  be  1:6.6. 
The  alteration  of  peridotite  to  serpentine  is  accompanied  by  such  an 
increase  in  the  volume  of  the  rock  that  it  would  be  impossible  for  fissures 
to  remain  open  during  the  process. 

Little  if  any  evidence  has  been  offered  in  support  of  the  replacement 
hypothesis.  Where  duysotUe  veins  occur  in  limestone,  as  they  do  in 
Arizona,  it  is  possible  for  some  replacement  of  the  inclosing  rock  to  take 
place,  but  this  occurrence  is  exceptional.  Nearly  all  chrysotile  veins 
are  found  in  massive  serpentine,  having  a  chemical  composition  that  is 
practically  identical  with  that  of  the  vein  material,  and  no  reason  has 
yet  been  given  to  explain  why  serpentine  should  replace  serpentine  of  the 
same  chemical  composition.  Moreover,  chrysotile  veins  do  not  possess 
any  of  the  characteristics  that  commonly  distinguish  replacement  veins 
from  other  veins.  They  have  their  own  pecuUar  structure  and  never 
show  any  trace  of  an  inherited  structure.  Serpentine  frequently  occurs 
as  a  pseudomorph  after  other  minerals,  but  pseudomorphs  are  never 
found  in  chrysotile  veins.  Replacement  veins  are  characterized  by  great 
irregularity  in  width  and  lack  of  sharp  boundaries,  while  chrysotile  veins 
frequently  show  remarkable  uniformity  in  width,  and  always  have  well- 
defined  walk. 

The  theory  that  "the  veins  are  crystaUized  portions  of  the  serpentine 
walls,  and  that  the  crystals  (fibers)  have  grown  outward  from  the  original 
crevices  which  are  now  represented  by  partings  of  iron  ore  found  near  the 
center  of  the  veins,""  was  evidently  advanced  in  order  to  avoid  some  of 
the  more  obvious  objections  to  the  preceding  hypothesis,  but  it  com- 
pletely fails  to  explain  many  of  the  characteristic  phenomena  of  chrysotile 
veins.     If  the  fibers  grew  outward  in  the  way  here  postulated,  some  of 

^*J.  H.  Pratt:  AsbeBtos,  Mineral  Resources,  1904,  U.  S.  Geological  Sunty, 
pp.  1137-1140  (1905). 

*»J.  S.  Diller:  Asbestos,  Mineral  Resources,  1907,  U.  S.  Geological  Stmr?/, 
pt.  II,  pp.  720-721  (1908). 

"  J.  A.  Dresser:  Op.  cit.,  pp.  59-60. 

"  J.  A.  Dresser:  Op.  cit.,  p.  66. 
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them  would  unquestionably  penetrate  the  massive  serpentine  for  greater 
distances  than  others,  thus  giving  irregular  boundaries  to  the  veins,  but 
chrysotile  veins  have  sharply  defined  boundaries  and  are  easily  separated 
from  the  wall  rock. 

In  discussing  the  deposits  of  southern  Quebec,  Dresser  states:  'Hhe 
facts  are  self-evident  that  zones  of  the  country  rock  have  been  altered 
to  serpentine  and  proportionate  parts  of  these  have  taken  thie  form  of 
asbestos  veins."*'  But,  if  the  veins  are  merely  "portions  of  the  serperf- 
tinized  bands  which  have  crystaUized  in  stiu"**  why  is  the  ratio  of  chryso- 
tile to  massive  serpentine  limited?  Why  are  the  veins  limited  to  a 
width  of  1,  2  or,  in  rare  instances,  3  in.? 

This  theory  does  not  satisfactorily  explain  the  angular  inclusions  of 
massive  serpentine  that  frequently  mark  the  central  parting  of  chrysotile 
veins  and  are  also  to  be  found  irregularly  distributed  through  them.  It 
affords  no  explanation  of  the  occasional  presence  of  more  than  one  parting 
or  of  bends  in  the  fibers  such  as  are  shown  in  Figs.  4, 5  and  6.  It  does  not 
explain.the  gradation  of  cross-fiber  into  slip-fiber  as  illustrated  in  Figs. 
3  and  7.  Most  of  the  objections  here  given  are  equally  appUcable  to  the 
other  theories  of  vein  formation  so  far  discussed,  and,  in  view  of  all  the 
facts,  the  conclusion  is  inevitable  that  none  of  these  theories  furnishes  a 
true  explanation  of  the  origin  of  chrysotile  veins. 

As  already  noted  in  this  paper,  fibrous  veins  with  structural  features 
analogous  to  those  of  chrysotile  veins  have  been  produced  in  the  labora- 
tory, where  their  formation  and  growth  could  be  carefully  observed. 
The  results  obtained  from  these  experiments,  supplemented  by  a  study 
of  fibrous  veins  in  different  kinds  of  rock,  have  led  the  writer  to  certain 
definite  conclusions.  These  conclusions  have  been  formulated  into  a 
theory  of  vein  formation  that  seems  to  explain  satisfactorily  the  phenom-* 
ena  connected  with  chrysotile  veins.  Briefly  stated,  this  theory  is  that 
all  cross-fiber  veins  are  formed  through  a  process  of  lateral  secretion,  the 
growing  veins  making  room  for  themselves  by  pushing  apart  the  inclosing 
walls;  and  that  the  fibrous  structure  is  to  be  attributed  largely  to  the 
phyBical  conditions  which  have  limited  crystal  growth  to  a  single  direc- 
tion. In  the  case  of  the  asbestiform  minerals,  the  fibrous  structure  is 
accentuated  by  a  normal  prismatic  habit  and  cleavage. 

In  individual  occurrences  it  may  be  difficult  or  impossible  to  de- 
termine why  the  fibrous  mineral  was  taken  into  solution,  the  cause  of  its 
redeposition  and  the  other  details  of  origin;  but,  in  the  case  of  serpentine, 
pressure  due  to  expansion  in  volume  is  probably  the  controlling  factor. 

Serpentine  is  a  secondary  mineral  residting,  as  a  rule,  from  the  altera- 

*'  J.  A.  Dresser:  Asbestos  in  Southern  Quebec,  Trans.,  vol.  50,  p.  957  (1915). 

•*  J.  A.  Dresser:  Preliminary  Report  on  the  Serpentine  and  Associated  Rocks  of 
Southern  Quebec,  Canada  Department  of  Mines,  Geological  Survey,  Memoir  No.  22, 
p.  65  (1913). 
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tion  of  preexisting  silicates  of  magnesia.  The  alteration  is  seldom  one 
of  simple  hydration,  for  usually  some  material  is  added  or  subtracted,  and 
in  many  cases  the  constituents  out  of  which  serpentine  is  formed  are 
derived  from  several  different  minerals.  Serpentine  is  therefore  found 
in  rocks  that  are  either  of  sedimentary  or  of  igneous  origin.  Locally  it 
may  be  the  dominant  mineral  thus  forming  serpentine  rocks.  Such  rocks 
are  derived  chiefly  from  igneous  rocks  of  the  pjrroxenite-peridotite  family 
which  contain  a  high  magnesian  content.  Although  serpentine  is 
secondary  after  many  minerals,  the  most  important  soiu-ce  is  olivine 
followed  by  the  magnesian  p3rroxenes  and  amphiboles. 

The  alteration  to  serpentine  is  accompanied  by  an  increase  in  the 
volume  of  the  rock  mass,  which  results  in  the  development  of  pressure 
whenever  there  is  resistance  to  expansion.  This  pressure  can  not  be 
explained,  however,  by  attributing  it  to  a  chemical  reaction  taking 
place  with  increase  of  volume,  as,  for  example,  when  plaster  of  Paris 
combines  with  water  and  sets,  because,  in  many  cases  where  serpentine 
is  formed  from  anhydrous  minerals,  there  is  an  actual  decrease  in  the 
total  volume  of  the  system,  if  the  volume  of  the  water  is  taken  into  con- 
sideration. For  instance,  when  serpentine  is  formed  from  olivine 
according  to  the  equation: 

SMgjFeSijOg  +  6HjO  +  O  =  3H4Mg,Sij09  +  Fe.O*. 

Neglecting  the  oxygen,  the  volume  changes  in  this  reaction  are  as  follows: 
281.3  parts  of  ohvine  combine  with  108  parts  of  water  to  give  321  parts 
of  serpentine  and  44.5  parts  of  magnetite.  Hence  there  is  an  increase 
in  the  volume  of  soUd  amounting  to  approximately  30  per  cent.,  while 
there  is  a  decrease  of  about  6  per  cent,  in  the  volume  of  the  system  as  a 
whole.  The  pressure  resulting  from  this  reaction  is,  therefore,  due  to  the 
fact  that  water  in  a  Uquid  or  gaseous  state  is  able  to  penetrate  the  rock 
mass  through  capillary  and  subcapillary  openings  while  the  solid  ser- 
pentine formed  does  not  escape  in  like  manner. 

The  water  may  penetrate  the  rock  through  fractures,  along  the  con- 
tact between  mineral  grains  and  along  the  cleavages  of  minerals.  As  the 
alteration  proceeds,  readjustments  in  the  rock  mass,  due  to  increase  in 
volume,  result  in  the  formation  of  new  fractures.  Some  of  the  water 
possibly  travels  for  short  distances  through  a  process  of  diffusion  or 
trading,  by  which  a  molecule  of  serpentine  gives  up  its  water  to  a  neighbor- 
ing anhydrous  molecule  and  then  takes  up  more  water. 

The  maximum  pressure  that  may  be  developed  locally  as  a  result  of 
the  alteration  must  be  enormous,  since,  in  most  cases,  it  is  limited  solely 
by  the  resistance  offered  to  expansion.  Pressure  alone  can  have  no  direct 
effect  in  preventing  a  reaction  that  takes  place  with  decrease  in  volume; 
and,  whether  the  reaction  will  take  place  or  not  is  determined  entirely 
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by  the  partial  pressure  of  the  water  vapor  and  the  vapor  pressure  of 
the  serpentine. 

The  development  of  pressure  in  this  way  is  nicely  illustrated  by  the 
following  laboratory  experiment: 

A  porous  porcelain  cup  was  partly  filled  with  anhydrous  cupric  chlo- 
ride (CuCU),  after  which  the  open  end  was  sealed  with  paraffine.  The 
cup  was  then  placed,  together  with  a  beaker  containing  water,  under  a 
bell  jar,  and  allowed  to  stand  undisturbed.  Water  vapor  was  absorbed 
through  the  capillary  pores  of  the  cup  with  the  formation  of  the  hydrous 
salt  (CUCI2.2H2O).  At  the  end  of  5  days  small  fractures  were  observed, 
and  these  gradually  increased  in  length  and  width  as  the  volume  of  the 
salt  continued  to  increase.  The  fracturing  of  bottles  by  salts  that  take 
up  water  of  crystaUization  from  the  atmosphere  is  a  common  phenomenon 
in  chemical  laboratories. 

The  pressure  developed  as  a  result  of  the  increase  in  rock  volume  when 
serpentine  is  formed  is  important  as  a  factor  in  the  formation  of  chryso- 
tile  veins,  chiefly  because  the  solution  of  the  serpentine  and  its  redeposi- 
tion  in  the  form  of  chrysotile  seem  to  be  determined  very  largely  by  pres- 
sure. The  pressure  is  at  a  maximum  where  serpentine  is  being  formed, 
and  here  the  mineral  is  most  readily  taken  into  solution.  The  separa- 
tion of  serpentine  from  solution  is  accompanied  by  expansion  in 
volume,  and  therefore  takes  place  only  where  the  forces  opposing  ex- 
pansion are  not  prohibitive. 

AH  existing  fractures  or  joints,  whether  dynamic  in  origin  or  due  to 
contraction  on  cooUng,  are  favorable  places  for  the  deposition  of  chryso- 
tile, because  as  a  rule  less  force  is  required  in  pushing  apart  the  walls  of 
existing  fractures  than  is  necessary  in  forming  new  ones.  The  alteration 
of  a  rock  to  serpentine  begins  along  the  existing  fractiu'es  which  divide 
the  rock  mass  into  blocks  of  variable  size.  As  the  alteration  slowly 
penetrates  inward  from  the  surfaces  of  a  block,  strains  are  set  up  between 
the  expanded  outer  shell  and  the  unaltered  central  part.  These  strains 
tend  to  produce  exfoUation  fractures,  and,  although  the  resisting  pres- 
sure is  probably  sufficient  in  most  cases  to  prevent  the  formation  of  open 
fissures,  this  pressure  is  locally  reduced  by  the  tendency  to  fracture,  thus 
permitting  the  separation  of  serpentine  from  solution  and  the  growth  of 
new  veinlets  of  chrysotile. 

The  chrysotile  deposits  of  Thetford,  Canada,  furnish  good  illustrations 
of  veins  that  have  originated  in  this  w&y,*^  and  Merrill  has  described 
veins  in  the  serpentine  at  Montville,  N.  J.,  that  are  difficult  of  explana- 
tion under  any  other  hypothesis.  At  the  latter  locality  the  serpentine 
has  been  formed  through  the  hydration  of  nodules  of  Ume-magnesian 

^  J.  A.  Dresser:  Preliminary  Report  on  the  Serpentine  and  Associated  Rocks  of 
Southern  Quebec,  Cancsda  Department  of  Mines,  Qeoloqical  Survey  Memoir^  No.  22, 
pp.  68-59  and  Fig.  7  (1913). 
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pyroxene  occurring  in  dolomite,  and  the  narrow  chrysotile  veins  are  in  a 
general  way  parallel  to  the  surface  of  the  original  nodule  of  pyroxene.** 

Since  the  pressure  due  to  expansion  prevents  the  formation  or  main- 
tenance of  appreciable  open  spaces,  water  must  reach  the  imaltered  rock, 
at  least  partly,  through  very  small  capillary  and  subcapiUary  openings. 
Under  these  conditions  circulation  is  extremely  slow  and  the  movement 
is  probably  limited  almost  entirely  to  a  single  direction,  i.e,,  toward  the 
unaltered  portion  of  the  rock.  It  is  not  necessary  to  assume  the  presence 
of  solutions  circulating  toward  the  chrjrsotile  veins  in  order  to  explain 
their  growth,  as  the  transfer  of  serpentine  through  the  short  distance 
from  the  place  of  its  formation  to  the  walls  of  the  growing  vein  is  probably 
due  chiefly  to  diffusion  of  the  material  through  the  solution. 

If  pressure  due  to  expansion  is  the  principal  factor  in  bringing  about 
solution  of  the  serpentine,  there  must  be  a  close  relation  between  the 
increase  in  volimie  of  the  rock  mass  and  the  voliune  of  material  removed 
in  solution  and  redeposited  as  chrysotile.  This  probably  explains  why 
the  percentage  of  cross-fiber  chrysotile  in  serpentine  is  less  than  the 
increased  volume  of  the  rock,  and  why  the  width  of  chrysotile  veins  in 
partly  altered  rock  sometimes  bears  a  definite  ratio  to  the  thickness  of 
the  inclosing  bands  of  massive  serpentine.  When  the  rock  is  homogeneous 
and  the  alteration  proceeds  uniformly,  a  definite  and  Umited  proportion 
of  the  resulting  serpentine  is  removed  in  solution,  for  the  local  pressure 
is  relieved  by  the  transfer  of  this  excess  material. 

When  the  formation  of  serpentine  is  accompanied  by  Uttle  or  no 
increase  in  the  volume  of  the  rock  because  of  the  complete  removal  of  a 
portion  of  the  products,  no  chrysotile  may  be  formed.  It  is  possible 
that  in  individual  cases  the  resistance  to  expansion  and  various  other 
factors  prevent  the  formation  of  chrysotile  veins. 

The  difference  in  the  specific  gravities  of  massive  serpentine  and 
chrysotile  is  unquestionably  due  to  the  difference  in  their  modes  of  origin. 
According  to  Dana'^  the  specific  gravity  of  massive  serpentine  varies 
from  2.50  to  2.65,  while  that  of  chrysotile  is  only  2.219. 

While  it  seems  probable  that  pressure  is  the  controlling  factor  in  the 
solution  of  serpentine  and  its  redeposition  as  chrysotile,  this  is  not 
essential  to  the  writer's  theory  of  the  origin  of  cross-fiber  veins.  The 
solution  of  mineral  matter  and  its  redeposition  in  fibrous  veins  may 
result  from  one  or  more  of  several  different  causes.  In  the  laboratory 
experiments  referred  to  above,  supersaturation  was  induced  by  either 
evaporation  or  cooling.  The  essential  conditions  for  the  growth  of  cross- 
fiber  veins  are :  (1)  the  growing  fibers  must  be  in  contact  at  their  base  with 
supersaturated  solutions;  and  (2)  that  the  solutions  must  reach  the  grow- 

••  G.  P.  Merrill:  On  the  Serpentine  of  Montville,  New  Jersey.    ProceedingBof  the 
U.  S.  National  Mtweum,  vol.  11,  pp.  105-112  (1888). 

»  E.  S.  Dana:  System  of  Mineralogy,  Ed.  6,  pp.  26^271  (1014). 
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ing  veins  through,  the  wall  rock.  So  long  as  the  veins  are  in  contact 
with  supersaturated  solutions,  growth  will  continue  and  the  walls  will  be 
pushed  apart  regardless  of  resisting  forces;  but  the  greater  the  resisting 
pressure,  the  greater  the  concentration  must  be  in  order  to  produce 
supersaturation. 

The  force  that  enables  growing  veins  to  make  room  for  themselves 
by  pushing  apart  their  inclosing  walls  is  not  due  to  the  tendency  of  a 
crystaUine  substance  to  assume  a  regular  polyhedral  form,  for  the  col- 
unmar  or  fibrous  structure  of  most  minerals  occurring  in  cross-fiber  veins 
is  not  a  crystallization  property,  but  is  caused  by  the  conditions  of  growth, 
as  already  explained.  Under  suitable  conditions,  the  fibrous  structure 
may  develop  in  substances  that  crystallize  in  any  of  the  systems  of  crystal- 
lization. In  most  cases  it  is  not  the  normal  habit,  and  therefore  is  unstable. 
The  writer  believes  that  the  force  is  due  chiefly  to  the  expansion  in  volume 
which  accompanies  the  separation  of  most  solids  from  solution.  When 
a  substance  separates  from  solution  with  increase  in  volume,  the  pressure 
developed  depends  on  the  magnitude  of  the  forces  resisting  expansion, 
and  may  be  many  times  the  force  required  to  crush  the  substance.  It  is 
altogether  improbable  that  pressure  alone  could  expel  solutions  occupy- 
ing subcapillary  pores  in  rocks,  and,  in  serpentine  and  other  rocks  found 
inclosing  cross-fiber  veins,  the  openings  are  almost  entirely  subcapillary 
in  size.  As  previously  stated,  the  transfer  of  material  is  probably  due 
to  diffusion  rather  than  to  circulating  solutions. 

Structural  Features  of  Cross-fiber  Veins 

Nearly  all  of  the  structural  features  characteristic  of  the  cross-fiber 
veins  foimd  in  rocks  have  been  reproduced  in  the  course  of  laboratory 
experiments.  The  diagrammatic  sketches  shown  in  Figs.  1  to  7  are  all 
drawn  to  scale  from  veins  of  chrysotile  or  from  veins  of  other  fibrous 
minerals,  but,  so  far  as  the  phenomena  that  they  illustrate  are  concerned, 
they  might  just  as  well  have  been  drawn  from  some  of  the  veins  produced 
in  the  laboratory. 

Cross-fiber  veins  commonly  show  a  central  parting  or  break  in  the 
continuity  of  the  fibers  (see  Fig.  4),  but  in  some  veins  the  fibers  extend 
from  wall  to  wall  without  interruption.  The  central  parting  is  formed 
whenever  fibers  start  to  grow  from  both  walls  of  a  fracture,  and  appar- 
ently this  always  happens  when  veins  develop  along  preexisting  fractures, 
unless  growth  is  Umited  to  one  side  only.  In  laboratory  experiments, 
^owth  is  frequently  Umited  to  one  side  of  a  vein  by  the  development  of 
the  fissure  in  such  a  direction  as  to  cut  the  other  side  off  from  the  solution 
furnishing  material  for  growth.  That  this  may  also  occur  in  the  case  of 
chrysotile  veins  is  indicated  by  the  occasional  presence  of  the  parting 
very  close  to  one  of  the  walls,  instead  of  near  the  center.     Since  growth 
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in  such  veins  has  been  very  largely  limited  to  one  side,  it  is  more  than 
probable,  in  some  instances,  that  growth  may  be  entirely  confined  to 
one  side.  In  some  of  the  laboratory  veins,  the  absence  of  a  parting  is 
due  to  simultaneous  growth  at  both  ends  of  the  fibers — a  fact  proved  by 
changing  the  color  of  the  solutions.  This  occurs  only  when  vein  growth 
and  the  inception  of  fracturing  are  contemporaneous.  The  absence  of 
partings  is  most  common  in  the  small  lenticular  chrysotile  veins  that 
frequently  narrow  and  pinch  out  without  intersecting  other  veins,  thus 
indicating  t}iat  they  were  not  formed  along  preexisting  joints.  The 
absence  of  partings  is  also  more  noticeable  where  the  inclosing  serpentine 
is  practically  free  from  mineral  impurities. 

Occasionally  two  or  more  partings  may  be  observed  in  the  same 
chrysotile  vein,  and  these  are  sometimes  symmetrically  arranged  with 
respect  to  the  center.  Such  partings  may  result  from  a  pause  in  the 
process  of  growth  or  from  a  slight  displacement  of  the  waUs  along  their 
contact  with  the  vein.  A  parting  may  frequently  be  observed  separating 
two  stages  of  growth  in  the  fibrous  or  needle-Uke  ice  columns  found  on 
clayey  soils  after  a  cold  night,  and  a  similar  parting  in  fibrous  gypsum 
has  been  noted  by  MerriU.** 

When  cross-fiber  veins  are  examined  closely,  it  may  be  seen  that  the 
partings  are  never  plane  surfaces.  The  specimen  of  chrysotile*'  sketched 
in  Fig.  1  shows  how  very  irregular  the  partings  onay  be  in  individual 
cases.  The  same  phenomenon  can  be  observed  on  a  smaller  scale  under 
the  microscope,  where  the  fibers  look  as  though  they  had  been  pushed 
past  one  another,  causing  the  ends  to  interpenetrate  along  the  line  of 
parting.  The  inequality  in  the  length  of  fibers  is  due  to  the  more  rapid 
growth  of  those  fibers  that  are  most  favorably  situated  for  receiving  addi- 
tions of  new  materia.  The  stresses  resulting  from  unequal  growth  are 
relieved  by  slipping  along  cleavage  planes  and  prism  boundaries,  and 
this  tends  to  accentuate  the  development  of  the  fibrous  structure.  Addi- 
tional evidence  of  the  unequal  growth  of  fibers  in  chrysotile  veins  is 
furnished  by  the  similar  displacement  of  bands  roughly  paralleling  the 
walls  and  marked  by  a  slight  difference  in  color  from  the  rest  of  the  vein 
material. 

The  partings  in  chrysotile  veins  are  commonly  marked  by  the  presence 
of  granular  crystals  of  magnetite  and  chromite  and  angular  inclusions  of 
the  massive  serpentine  wall  rock,  as  in  Figs.  2  and  7.  In  size,  the  frag- 
ments of  wall  rock  range  from  the  smallest  grains  to  masses  that  are 
larger  than  the  veins  themselves.  In  other  words,  there  is  every  grada- 
tion between  branching  veins  and  veins  with  inclusions  of  wall  rock. 

**  G.  P.  Merrill:  On  the  Formation  of  Stalactites  and  Gypsum  Incrustations  in 
Caves,  Proceedings  U.  S,  National  Museum^  vol.  17,  p.  81  (1894). 

**  This  specimen  of  chrysotile,  from  the  deposits  on  Ash  Creek  near  Globe,  Axis., 
was  furnished  through  the  courtesy  of  the  U.  S.  Geological  Survey. 
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The  inclusions  are  also  irregularly  distributed  through  the  veins  without 
reference  to  partings,  and  occasionally  a  large  number  of  fragments  may 
be  seen  strung  out  in  a  broken  train  that  may  extend  from  the  wall  to  a 
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Fig.  1. — Chrtsotile  Vein  from  Nbab  Glqbb,  Ariz.    Parting  ib  Very  Irregular 
AND  Marked  bt  Occasional  Inclusions  of  Massive  Serpentine  Wall  Rock. 
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Fig.  2. — Chrtsotile  •  Vein  from  Thbtford,  Canada,  Containing  Central 
Inclusion  of  Massive  Serpentine  and  Smaller  Inclusions  of  Serpentine  and 
Magnetite  Extending  in  a  Broken  Train  toward  One  Wall.  There  is  a 
Vbinlet  of  Chrtsotile  in  the  Large  Inclusion. 

central  parting,  as  in  Fig.  2.     Some  of  the  larger  inclusions  contain 
veinlets  of  chrysotile.    • 

Cross-fiber  veins  grown  in  the  laboratory  are  frequently  branching, 
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and  they  also  contain  numerous  inclusions  of  wall  material  distributed 
through  the  veins  in  exactly  the  same  way  as  in  veins  of  chrysotUe  and 
other  fibrous  minerals,  such  as  crocidolite,  gypsum  and  calcite.  The 
inclusions  that  mark  a  central  parting  represent  fragments  formed  when 
rupture  occurred,  and  their  position  is  due  to  the  growth  of  the  vein  on 
both  sides  as  new  material  was  added  through  the  walls.     When  growth 


^  /^V^  C  ;^v  >7-/  C^2  ^'^  i 


Scale 

'A 


llnch 


I  Fig.  3. — Vein  of  Fibrous  Calcitb   Fig.  4. — Chbtsotilb  Vein  from  Lowell, 
IN  Limestone  from   St.   Lawrence  Vermont,  with  Curved  Fibers. 

CoxTNTT,  New  York. 

is  more  rapid  on  one  side,  the  Une  of  parting,  together  with  the  inclusions, 
is  closer  to  the  opposite  side.  Vein  matter  occasionally  begins  to  crjrs- 
tallize  out  along  an  incipient  fracture  or  line  of  weakness  close  to  the  vein, 
and  in  this  way  a  fragment  is  gradually  separated  from  the  wall  and 
included  in  the  growing  vein. 


Fig.  5. — Chbysotile  Vein  with  Fibers  Showing  Two  Abrupt  Bends. 

• 
The  fibers  are  always  parallel  to  one  another,  and,  in  most  veins,  they 
are  approximately  normal  to  the  walls  (see  Fig.  2),  but  frequently  they 
are  more  or  less  oblique.  Laboratory  experiments  prove  that  the  fibers 
always  extend  in  the  direction  in  which  the  walls  move  as  they  are  pushed 
apart  by  vein  growth.  In  most  veins  the  fibers  are  normal  to  the  walls 
because  the  walls  are  usually  forced  directly  apart,  but  when  the  walls 
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have  also  a  lateral  displacement  because  of  the  simultaneous  growth  of 
adjacent  n^on-parallelr  veins  or  other  causes,  the  fibers  grow  in  the  direc- 
tion of  the  resultant  motion.  If  the  course  of  a  vein  is  not  straight,  the 
fibere  may  be  normal  to  the  walls  at  one  place  and  oblique  at  another,  as 
in  the  calcite  vein  from  St.  Lawrence  CJounty,  New  York,  sketched  in 
Fig.  3.  In  this  way  cross-fiber  veins  may  grade  imperceptibly  iiito  slip- 
fiber  veins. 

As  long  as  the  relative  motion  of  the  walls  of  a  growing  vein  is  in  a 
straight  line  the  fibers  are  straight;  any  change  in  the  direction  of  motion 
is  immediately  recorded  by  the  slowly  lengtheniiig  fibers.  If  the  change 
in  the  direction  of  relative  motion  is  gradual  and  continuous,  the  fibers 
are  curved,  as  in  Fig.  4,  and  if  the  change  is  abrupt,  it  results  in  the 
development  of  sharp  bends.  In  the  chrysotile  vein  shown  in  Fig.  5, 
the  initial  movement  of  the  walls  had  a  lateral  component,  which  soon 
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"iG.    6. — Chrybotilb  Vein  with  Fibers  Showing  Foub  Abrupt  Bends  and  a 

.Central  Parting. 

isappeared  as  the  vein  continued  to  grow.  The  structure  here  suggests 
lat  the  formation  of  the  vein  fracture  was  due,  at  least  in  part,  to  shear- 
ig  stresses.  Most  of  the  fibers  in  this  vein  extend  from  wall  to  wall 
ithout  a  break,  and  their  tensile  strength  does  not  seem  to  be  appreciably 
Tected  by  the  bends. 

Sometimes  the  fibers  of  a  vein  record  several  changes  in  the  relative 
ovement  of  the  walls,  and  this  gives  a  banded  appearance  due  to  the 
lequal  reflection  of  light  where  the  fibers' nm  in  different  directions. 
lie  specimen  of  chrysotile  from  Thetford,  Canada,  sketched  to  scale 
Fig.  6,  is  a  beautiful  example  of  this  kind  of  banding.  The  beginning 
the  vein  is  recorded  by  a  parting  within  the  central  band,  and  there 
3  numerous  inclusions  of  chromite  and  massive  serpentine  distributed 
)ng  the  line  of  parting.  The  movement  of  the  walls  during  the  first 
tge  of  vein  growth  is  recorded  by  the  direction  of  the  fibers  in  the  central 
ad,    and  during  the  enlargement  of  the  vein  there  were  two  sudden 
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changes  in  the  relative  motion  of  the  walls  with  the  formation  of  two 
additional  bands  on  both  sides  of  the  central  band,  thus  making  five 
in  all. 

The  structural  phencnnena  discussed  in  the  preceding  paragraphs  aD 
furnish,  evidence  tending  to  confirm  the  writer's  theory  of  the  origin  of 
cross-fiber  veins,  and  they  are  difficult  or  impossible  of  explanation  under 
any  other  hypothesis  of  vein  formation  so  far  advanced. 
# 
Veins  of  Crocidoliie  and  Other  Fibrous  Amphiboles 

All  of  the  asbestif  orm  minerals  belonging  to  the  amphibole  group  have 
been  reported  as  occurring  in  cross-fiber  veins,  though  the  number  of  such 
instances  is  small,  and,  as  yet,  little  information  has  been  published 
concerning  the  details  of  individual  occurrences.  For  this  reason,  it  is 
not  possible  at  the  present  time  to  discuss,  except  in  a  general  way,  the 
factors  controlling  the  origin,  solution  and  redeposition  of  the  minerals, 
but  the  data  now  available  indicate  that  these  veins  must  also  havabeen 
formed  through  a  process  of  lateral  secretion,  and  that  they  have  made 
room  for  themselves  by  forcing  apart  the  inclosing  wall  rock.  Croddolite 
is  the  only  asbestif  orm  mineral  other  than  chrysotile  known  to  occur  in 
cross-fiber  veins  in  commercial  quantities,  and  only  one  occurrence  of 
this  mineral,  so  far  reported,  is  of  any  importance. 

Crocidolite  has  long  been  known  to  occur  in  West  Griqualand,  South 
Africa,  and  most  specimens  found  in  mineral  collections  have  come  from 
that  source.  The  deposits  are  located  in  a  range  of  quartzose  schists 
called  the  asbestos  mountains.  The  mineral  is  characterized  by  a  dull 
lavender-blue  color,  due  to  the  presence  of  considerable  iron  protoxide. 
In  places  it  is  altered  by  oxidation  and  infiltration  of  sib'ca  to  a  compact 
siliceous  stone  with  a  bright  yellow  color,  and  chatoyant  luster,  which 
has  given  it  the  popular  name  of  iiger-^ye.  A  brief  account  of  this  occur- 
rence is  given  by  Cirkel'®  in  his  monograph  on  chrysotile  asbestos.  He 
states  that  the  crocidolite  "is  generally  found  in  veins,  seldom  less  than 
2  in.,  and  more  often  4  in.  and  5  in.  vride,  formed  of  closely  compact^ 
parallel  fibers  which  run  from  wall  to  wall  of  the  vein  vrithout  break  or 
fault.  Several  veins  have  been  found,  regular  in  extent,  and  the  fiber 
always  lies  at  right  angles  to  the  sides  of  the  deposit.  The  inclosii^ 
rock  is  a  dark  brown  shale."  ^ 

A  considerable  number  of  specimens  of  crocidolite  from  South  Africa 
have  been  examined  megascopically  and  also  under  the  microscope,  by 
the  present  writer.     All  of  the  structural  phenomena  characteristic  of 


*o  Fritz  Cirkel:  Crysotile- Asbestos,  Its  Occurrence,  Exploitation,  Milling,  and 
Uses,  Ed.  2,  Canada  Department  of  Mines,  Mines  Branch,  Report  No.  69,  pp.  239-240 
(1910).  The  quotations  here  given  appear  to  have  been  taken  from  a  pap^-  by 
H.  T.  Olds,  Notes  \)n  Blue  Asbestos,  read  before  the  InstUiUion  of  Mining  and  MetiMl- 
lurgy,  London,  Transactions,  vol.  7,  pp.  122-123  (1899), 
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chrysotile  veins  may  be  found  in  veins  of  crocidolite.  Specimens  in  the 
collections  of  the  University  of  South  Carolina  show  that  the  vein  fibers 
are  sometimes  obUque  instead  of  perpendicular  to  the  walls,  partings  are 
frequently  present  and  may  be  marked  by  inclusions  of  hematite,  magne- 
tite, quartz  and  fine-grained  wall  rock;  bent  and  curved  fibers  are  also 
conmion.  Most  of  these  features  may  likewise  be  observed  in  specimens 
of  tiger-eye.  In  view  of  all  the  facts  stated  above,  it  must  be  concluded 
that,  although  consisting  of  different  material,  the  crocidolite  veins  have 
grown  in  the  same  way  as  those  of  chrysotile. 

Anthophyllite  and  true  asbestos  are  rarely  found  in  cross-fiber  veins 
because  the  conditions  prevailing  at  the  time  of  their  formation  are  not, 
as  a  rule,  favorable  for  the  solution  and  transportation  of  these  minerals 
to  a  new  place  of  'deposition.  According  to  Hopkins,'^  the  veins  of 
cross-fiber  anthophyUite  foimd  in  Georgia  "are  in  every  way  similar  to 
chrysotile,  the  fibers  being  perpendicular  to  the  inclosing  walls,  and 
sometimes  continuing  from  the  one  to  the  other,  but  more  commonly 
jointed  one  or  more  times."  This  description  indicates  that  their  origin 
is  similar  to  that  of  other  cross-fiber  veins. 

Origin  op  Slip-fiber 

All  asbestiform  minerals,  with  the  possible  exception  of  crocidolite, 
are  known  to  occur  as  slip-fiber,  and  true  asbestos  seldom  occurs  in  any 
other  way.     The  origin  of  the  slip-fiber  type  is  a  question  that  has 
aroused  much  less  diversity  of  opinion  than  the  origin  of  the  cross-fiber  type. 
Merrill'*  and  others  have  advocated  the  efficacy  of  pressure  and  shearing 
in  the  production  of  a  fibrous  structure  in  minerals.    The  common  asso- 
ciation of  sUp-fiber  with  shckensided  surfaces  and  other  evidences  of 
faulting  have  apparently  convinced  most  investigators  that  shearing  is 
the  essential  factor  in  its  formation.     The  various  ways  in  which  unequal 
pressure  may  bring  about  the  development  of  a  fibrous  structure  have 
been  previously  discussed,  but  there  is  reason  for  believing  that  all  of  the 
so-called  sUp  fiber  has  not  been  formed  directly  .as  a  result  of  unequal 
pressure. 

Cirkel  beheved  that  the  sUp-fiber  found  in  the  Broughton  district, 
Quebec,  had  been  formed  from  cross-fiber  chrysotile  as  "the  result  of  the 
secondary  readjustment,  which  took  place  immediately  after  the  crystal- 
lization of  the  fiber  in  veins.  Both  rock  and  veins  must  have  been  in  a 
semi-nxagmatic  condition  during  this  period,  and  pressure  may  have  aided 
this  process  of  physical  alterations  of  the  mass  in  a  marked  degree."'' 

•^  O.  B.  Hopkins:  Op.  cit.,  pp.  104-105. 

»*  G.  P.  Merrill:  On  the  Serpentine  of  Montville,  New  Jersey,  Proceedings  of  the 
f7.  S.  National  Mtteeum,  vol.  11,  p.  105  (1888),  and  Notes  on  Asbestos  and  Asbesti- 
brm  Minerals,  Proceedings  U.  S.  National  Museum,  vol.  18,  p.  289  (1895). 

»»  IPtiU  Cirkel:  Op.  cU.,  pp.  94-95. 
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It  is  possible  if  not  probable  that  some  slip-fiber  has  been  formed  from 
cross-fiber,  but  there  is  absolutely  no  reason  for  postulating  that  the  rock 
was  ''in  a  semi-magmatic  condition." 

Dresser'^  reached  a  somewhat  different  conclusion  as  to  the  origin  of 
the  Broughton  deposits.  He  notes  that  the  serpentine  at  Broughton 
was  probably  derived  from  pjrroxenite,  while  that  at  Thetford,  where 
cross-fiber  predominates,  was  derived  from  peridotite.  After  calling 
attention  to  the  fact  that  the  asbestos  is  limited  to  ''the  sheared  and 
shattered"  portions  of  the  rock  mass,  he  argues  that  there  is  some  connec- 
tion between  the  two.  He  further'*  suggests  that  when  the  pyroxenite 
was  altered  to  serpentine,  "the  upper  portions  may  have  had  a  develop- 
ment of  asbestos  in  the  form  of  'mass-fibre'  or.  asbestos  irregularly  dis- 
tributed through  the  rock,  possibly  due  to  a  greater  actiqn  of  magmatic 
waters  near  the  top  of  the  sills;  and  that  this  fibrous  structure  weakened 


Fig.  7. — Chrtsotilb  Vein  from  Lowbll,    Vermont^    Showing  Gradatiok  of 
Crobs-Fibbr  into  Slip-Fibbr  along  thb  Lower  Wall. 


the  resisting  power  .of  the  rock  and  the  shear  zone  was  thus  localized.'* 
The  chief  objection  to  the  latter  hypothesis  is,  that  while  chrjrsotile  is 
common  both  as  cross-fiber  and  as  sUp-fiber,  it  is  not  known  to  occur 
as  mass-fiber. 

•The  investigations  of  the  present  writer  indicate  that  much  so-calleti 
slip-fiber  has  really  been  formed  in  the  same  way  as  cross-fiber,  as  is 
evidenced  by  the  presence  of  partings,  inclusions  and  fibers  that  are 
oblique  rather  than  parallel  to  the  inclosing  walls.  In  fact,  every  grada- 
tion may  be  found  between  cross-fiber  veins  in  which  the  fibers  are  nor- 


»*  J.  A.  Dresser:  A  Preliminary  Report  on  the  Serpentine  and  Associated  Rock* 
of  Southern  Quebec,  Canada  Department  of  Mines,  Geological  Siarvey  Memoir  No.  -J. 
p.  09  (1913). 

»*  J.  A.  Dresser:  Idem.,  p.  70. 
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mal  to  the  walls,  and  slip-fiber  veins  in  which  the  fibers  are  approximately 
parallel  to  the  walls.  In  some  instances  the  gradation  may  be  observed 
in  a  single  vein,  as  in  the  specimen'*  from  near  Lowell,  Vt.,  sketched  in 
Fig.  7.  In  this  vein  some  of  the  fibers  terminate  at  the  abrupt  bend, 
but  others  continue  without  a  break,  although  they  are  less  flexible  where 
approximately  parallel  to  the  vein  walls  than  where  they  are  more  nearly 
normal. 

Obiqin  of  Mass-fibsb 

Asbestos  of  the  mass-fiber  type,  so  far  as  known,  is  always  antho- . 
phyllite.  Several  occurrences  of  this  kind  are  found  in  the  vicinity  of 
Sail  Mountain,  Georgia,  which  may  be  considered  the  type  locality,  as 
the  deposits  have  been  worked  on  a  small  scale  for  several  years.  More 
recently  similar  deposits  have  been  opened  up  about  14  miles  southeast 
of  Kamiah,  Idaho. 

The  deposits  at  Sail  Mountain  are  roughly  elliptical  in  shape,  and  the 
largest,  which  has  been  practically  mined  out,  had  a  length  of  about  75 
ft.,  a  width,  near  the  middle,  of  50  ft.,  and  apparently  pinched  out  at  a 
depth  of  50  ft.  It  is  estimated  that  considerably  over  90  per  cent,  of 
the  rock  mass  is  realized  as  fiber.'^  The  fibers  are  arranged  in  small 
groups  or  bundles,  and  range  up  to  an  inch  in  length,  though  averaging 
only  about  H  in.  The  fibers  show  a  strong  tendency  to  form  sphericd 
bunches  with  radial  structure,  but  because  of  mutual  interference  these 
bodies  are,  as  a  rule,  only  imperfectly  developed,  and  therefore,  in  most 
cases,  the  rock  consists  of  a  mass  of  fibrous  bundles  and  sheaves  oriented 
in  aU  directions.  Occasionally,  however,  cross-fractures  show  well- 
formed  rosettes  of  radiating  fibers.  Individual  fibers  sometimes  appear 
jointed  or  broken.  They  are  low  in  tensile  strength  and  brittle,  readily 
breaking  into  short  lengths  so  that  none  of  the  material  is  of  spinning 
grade.  Hopkins  states  that,  because  of  lack  of  flexibiUty,  the  fibers 
are  broken  so  many  times  during  the  milling  process  ''that  they  are 
exceptionally  ^i  in.  long,  while  the  bulk  is  Ko  i^-  &nd  less.'''* 

According  to  Diller,  the  rock  foimd  near  Eamiah,  Idaho,  ''is  very  like 
that  mined  at  Sail'  Moimtain,  Georgia,  except  that  in  Idaho  the  fibers 
are  somewhat  coarser  and  the  radial  groups  larger."'* 

Hopkins,  who  studied  and  described  the  Georgia  deposits  in  great 


**  This  specimen  was  obtained  through  the  courtesy  of  the  U.  S.  National  Museum. 

*'  J.  8.  Diller:  Asbestos,  Mineral  Resources,  1907,  17*.  8.  Oeological  Surtfey,  pt.  II, 
p.  717  (1908). 

**  O.  B.  Hopkins:  Report  on  the  Asbestos,  Talc  and  Soapstone  Deposits  of  Georgia, 
Geoicgieal  Swrvey  of  Georgia,  BvUetin  No.  29,  p.  88  (1914). 

*•  J.  &  Diller,  Asbestos:  Mineral  Reeourcee,  1909,  U.  8.  Oeological  Survey,  pt.  II, 
p.  729  (1910). 
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detail,  concludes  that  the  origin  of  the  mass-fiber  is  due  largely  to  the 
alteration  of  enstatite.*® 

Since  this  alteration  involves  an  increase  in  volume,  it  probably 
takes  place  in  the  katamorphic  zone.  The  change  of  enstatite  to  antho- 
phyllite  is  paramorphic,  and  therefore  the  presence  of  solutions  is  not 
essential,  as  in  the  case  of  reactions  involving  the  addition  or  subtraction 
of  material.  This  probably  accounts  for  the  difference  in  the  origin  and 
structure  of  serpentine  and  of  mass-fiber  anthophyUite.  The  alteration 
of  a  rock  mass  to  serpentine  begins  along  fractures  and  all  accessible 
surfaces,  gradually  penetrating  toward  the  unaltered  interior;  while 
•the  alteration  to  anthophyllite  begins  at  a  large  number  of  centers,  more 
or  less  evenly  distributed  through  the  rock,  and  then  spreads  out  radially 
from  these  centers.  The  lack  of  flexibiUty  in  mass-fiber  anthophyllite  is 
attributed  largely  to  the  fact  that  physical  conditions  have  not  controlled 
and  limited  its  growth  to  the  same  extent  that  they  have  controlled  the 
formation  of  the  cross-fiber  and  slip-fiber  types.  The  separation  of  the 
fibers  is  made  easier  by  the  hydration  of  the  anthophyllite  in  the  bdt  of 
weathering. 

«•  O.  B.  Hopkins:  Op.  cU.,  p.  104. 
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DISCUSSION  OF  Tms  PA^BR  IS  INVITED.  It  ihoiild  prefwably  be  pnMiited  in jpenon  at  th« 
..  jw  York  meetins,  February,  1917,  when  an  abetraot  of  the  paper  will  be  read.  If  this  is  impoeeible, 
then  diaouaeloa  in  writinc  may  be  tent  to  the  Editor,  Amerioan  Institute  of  Mining  Encineers,  20  West 


39th  Street.  New  York,  N.  Y.,  for  preeentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  speeial  arrancement  Is  made,  the  disoussion  of  this  paper  will  olose  Apr.  1, 1917.  Any  discussion 
offered  tnereafter  should  preferably  be  in  the  form  of  a  new  paper. 
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t  Research  Department,  Harbison-Walker  Refractories  Co.,  Pittsburgh,  Pa. 


Digitized  by 


Q^oo^z 


2000  A  STUDY  OF  THE  SILICA  BBFBACTOBISS 

Expansion 3030 

Effect  of  Rapid  Temperature  Ch&nge 2022 

Constitution 2022 

Microscopic  Study  and  Experimental  Data. 

Microscopic  Examination  of  Quartntes 2024 

Study  of  Silica  Brick 2026 

Description  of  Test  Brick 2026 

Physical  Tests 2027 

Density  and  Porosity . 2027 

Cross-brealdng  and  Crushing  Tests 2Q2S 

Discussion  of  Cross-breaking  and  Crushing  Tests 2032 

Average  Deviation  and  Index  of  Uniformity 2032 

Effective  Ultimate  Strength 2034 

Effect  of  Variation  in  Method  of  Manufacture 2034 

Microscopic  Study  of  Constitution  of  Brick 2035 

Method  in  General 2035 

Sampling 2036 

Identification 2036 

Precision 2037 

Tabulated  Data 2038 

Effect  of  Variations  in  Grind  and  Burning  Temperature,  and  of  Repeated 

Burning,  upon  Constitution  of  the  Brick 2039 

Study  of  Thin  Sections 2040 

The  Relation  of  the  Constitution  of  Silica  Brick  to  the  PhysiealRtopertieB  .   2040 

The  Effect  of  the  Addition  of  lime 2040 

Specific  Voltmiee  of  the  Silica  Minerals 2042 

The  Phenomena  of  Expansion:  Permanent  Expansion,  Tempoimry  or 
Thermal  Expansion,  and  the  Effect  of  Rapid  Temperature  Changes.  2043 

Burning  Temperature 2045 

Suggestions  for  Future  Study 2046 

Summary 2046 

Supplementary  Data 2047 

Spalling  Tests 2047 

General  Discussion 2047 

Spalling  Test  in  Detail 2050 

Results 2050 

Changes  in  Texture  of  Brick  Due  to  Burning 2053 

Bibliography 2052 


Digitized  by 


Google 


8P0TT8  MCDOWBLL  2001 

ACKKOWLEDOMBNTS 

To  a  very  considerable  degree  I  am  indebted  to  the  kindness  of 
others  for  the  material  herein  presented.  The  subject  was  suggested 
to  me  by  Kenneth  Seaver,  Chief  Engineer  of  the  Harbison-Walker 
Refractories  Co.,  Pittsburgh,  Pa.,  and  represents,  in  fact,  the  continuation 
of  an  investigation  begun  by  him.* 

The  materials  studied  were  furnished  by  the  Harbison-Walker  Refrac- 
tories Co.,  and  the  test  brick  manufactured  at  the  Hays  Station  plant 
of  that  company  under  the  supervision  of  R.  H.  H.  Pierce,  Chief  Chemist. 
The  conditions  under  which  the  test  brick  were  made  were  devised 
by  members  of  the  Harbison-Walker  Refractories  Co.'s  engineering 
department. 

Whatever  value  the  microscopic  determinations  may  possess  is  due 
entirely  to  the  careful  instruction  and  kindly  coimsel  of  Professor  C.  H. 
Warren  of  the  Massachusetts  Institute  of  Technology.  I  am  particularly 
grateful  to  Victor  Dolmage,  who  was  extremely  generous  with  his  time 
in  assisting  with  some  of  these  determinations.  The  photomicrographs 
are  the  work  of  W.  L.  Whitehead.  The  crushing  and  cross-breaking  tests 
were  made  with  the  assistance  of  I.  H.  Cowdrey  of  the  Mechanical 
Engineering  Department  of  the  Institute  of  Technology.  I  wish  to 
express  my  thanks  to  all  those  named,  as  well  as  to  others  who  have 
rendered  assistance  in  various  ways. 

Introduction 

The  magnitude  of  the  thermal  expansion  of.  siUca  brick,  and  its 
inability  to  withstand  rapid  temperature  changes,  present  problems  of 
considerable  importance  in  the  manufacture  of  siliceous  refractories. 

In  the  study  represented  by  the  experimental  data  herein  described, 
these  problems  are  considered  from  the  point  of  view  afforded  by  the 
results  of  recent  investigators:  Fenner  and  his  associates  of  the  Geo- 
physical Laboratory,  Washington,  D.  C,  who  have  established  the  stabil- 
ity relations  of  the  silica  minerals,  and  Endell  and  co-workers  in  Berlin, 
^who  have  studied  the  changes  brought  about  in  the  constitution  of  sili- 
ceous refractory  materials  upon  the  application  of  heat.  . 

In  the  process  of  manufacture,  the  quartzite  from  which  the  brick 
ia  made  changes  in  part  into  cristobalite  and  tridymite.  The  attempt 
ifi  herein  made  to  determine  by  microscopic  methods  the  degree  of  trans- 
formation in  various  specimens  of  test  bricks  manufactured  at  slightly 
varying  temperatures  of  burning,  with  varying  coarseness  of  grain, 
B.nd  to  determine  the  effect  of  repeated  burning.    The  effect  of  variations 

*  Kenneth  Seaver:  Manufacture  and  Testa  of  Silica  Brick  for  the  Byproduct 
Coke  Oven,  Trans,,  vol.  53,  pp.  125-139  (1916). 
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in  these  conditions  upon  crushing  strength  and  modulus  of  rupture  has 
also  been  considered. 

Coincidently,  a  study  has  been  made,  from  the  available  literature, 
of  the  properties  of  the  siUca  minerals  and  the  sihca  refractories.  From 
the  knowledge  so  gained,  combiaed  with  the  experimental  data  regarding 
the  constitution  of  the  test  bricks,  deductions  have  been  made  as  to  the 
conditions  of  manufacture  under  which  silica  brick  of  decreased  thermal 
expansion  and  increased  power  to  withstand  rapid  temperature  changes 
might  conceivably  be  produced.  It  is  hoped  that  these  deductions,  may 
serve  to  indicate  possible  starting  points  for  future  investigations. 

The  first  part  of  this  report  comprises  data  compiled  from  various 
publications.  Although  much  of  this  has'  no  bearing  upon  the  specific 
problem  in  hand,  it  is  believed  to  be  of  interest  in  any  thorough  study 
of  the  properties  of  siliceous  refractory  materials. 

THE  SILICA  MINERALS 

Stability  Relations 

The  crystal  modifications  of  silica  important  in  this  connection  are 
quartz,  trid3rmite  and  cristobalite,  each  of  which  possesses  a  and  P 
phases.  Any  one  of  these  three  modifications  may  be  converted  into 
either  of  the  others  by  appropriate  heat  treatment.  The  formation  of 
tridymite  seems  always  to  require  the  presence  of  a  flux  or  catalyzer, 
while  cristobalite  is  formed  in  the  absence  of  a  catalyzer.  The  inversion 
temperatures^  are  as  follows: 

870°C  ±  10  quartz  ^  tridymite 

1,470®  ±  10  tridymite  ;:±  cristobaUte 

675®  a  quartz  — *•  /5  quartz;  670®  fi  quartz  — *  a  quartz 

117®  a  tridymite  — "^  j8i  tridymite;  163®  j8i  tridymite  -^fit  tridymite; 

reversions  on  cooUng  not  sharp. 

274.6®  -  219.7®  a  cristobaUte  -*  j8  cristobalite 

240.5®  -  198.1®  /5  cristobaUte  -^  a  cristobaUte 

At  ordinary  temperatures  each  mineral  exists  only  in  the  a  phase,  chang- 
ing into  the  fi  phase  as  the  temperature  is  raised.  The  aiofi  transforma- 
tions are  aU  rapid,  while  considerable  time  is  required  for  the  transforma- 
tion of  one  mineral  into  another. 

In  the  presence  of  a  fliix,  when  any  form  of  siUca  is  heated  a  sufficient 
length  of  time  below  870®,  quartz  is  always  formed;*  between  870®  and 
1,470®  tridymite  and  from  1,470®  upward  to  the  melting  poiat  of  silica, 
cristobalite.  Heated  withoiU  a  flux,  the  inversion  from  quartz  to  tridy- 
mite does  not  occur,  but  the  transformation  is  direct  to  cristobalite^ 

^  C.  N.  Fenner:  Stability  Relations  of  the  Silica  Minerals,  American  JoumaZ  «/ 
Science,  ser.  4,  vol.  36,  p.  383  (1913). 
« Ibid,,  p.  368. 
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and  the  temperature  of  incipient  formation  of  cristobalite  is  depxessed 
to  about  1,250^;  imder  the  same  conditions,  tridymite  is  converted 
into  cristobalite,  with  the  inversion  temperature  raised  to  about  1,570^. 
Fenner's  experiments  on  quartz  powder  heated  without  a  flux  gave  the 
following  results: 

108  hr.  at  1,260**:  a  very  small  per  cent,  of  cristobalite  formed. 
90  hr.  at  1,360**:  resultant  product  two-thirds  cristobalite,  one- 
third  quartz. 
1  hr.  at  1,570^:  transformation  into  cristobalite  nearly  complete. 
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FiQ.  1. — Stabilitt  Relations  of  thb  Silica  Minbrals. 


Quartz  glass  heated  above  1,200^  becomes  gradually  converted  into 
cristobalite.'  The  percentages  of  cristobalite  formed  under  various  con- 
ditions of  heating  are  shown  in  the  accompanying  table,  taken  from 
tfie   work  of  Rieke  and  Endell. 

'  Bieke  and  Endell:  Devitrification  of  Quartz  Glass,  SUikat  ZeUsckriftf  vol.  1, 
No.   1,  p.  8  (Jan.,  1913). 
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Table  1. — Cristobalite  Formed  by  Heaiing  Quartz  Olass  under  Varums 
Conditions  {Rieke  and  Endell) 


Temperature 

Time  of  Heating, 
Hours 

1,200- 

1,800« 

1,400«» 

1,500- 

1.600- 

Percent. 

Percent. 

Per  Cent. 

Per  Cent. 

Percent. 

H 

__ 

_„ 

5 

34 

60 

1 

0 

2 

17 

50 

90       , 

2 

0 

5 

25 

100 

4 

0 

10 

— 

1 

Quartzite  heated  three  to  five  times  to  l^SO""  in  a  porcdain  kiln  is 
converted  chiefly  into  cristobalite,  with  here  and  there  scattered  residual 


Fig.  2. — Stabilitt  Rblatignb  of  thb  Silica  Minbbals  (aftsb  Fsmnui}. 

quartz  grains;  after  10  burnings  at  1,450^  wedgenahaped  twin  crystals  of 
tridymite  begin  to  appear/    Silica  brick,  which  consists  principally  at 


«  K.  Endell:  Siahl  und  EUen,  vol.  33,  p.  1855  (Nov.,  1913). 
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cristobalite  when  placed  in  use,  gradually  changes  at  high' temperatures 
in  the  furnace  to  tridymite,  as  explained  later  on  in  this  paper. 

The  stability  fields  and  existence  ranges  of  the  various  forms  of 
silica  are  shown  in  Fig.  1;  an  equilibrium  diagram  (after  Fenner)  in 
Fig.  2. 

Table  2. — Optical  Properties* 


Compontion 
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i 

1 
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Inverts        on 

1 
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1 

eristobaUte. 

*  C.  N.  Fenner:  Awuriean  Journal  aS  Seitnet,  ser.  4,  vol.  86.  pp.  851-366  (1913). 
N.  L.  Bowen:  Amtrican  J<ntmal  iff  SeUnee,  ser.  4.  voL  88.  p.  245  (1914). 
Rankin  and  Wright:  Awuriean  Jownai  of  Seienet,  ser.  4,  toI.  89,  pp.  4  and  74  (1915). 

Tridymite  crystals  usually  occur  as  crystalline  aggregates  of  random 
orientation,  as  broad,  thin  hexagonal  plates,  which  appear  as  needles 
or  laths  when  turned  on  edge^  and  as  wedgenshaped  twin  crystals.  The 
hexagonal  plates  of  usual  thinness  appear  perfectly  isotropic  when 
lying  on  the  base;  the  needle  or 'lath-like  sections  have  weak  double 
refraction,  parallel  extinction  and  negative  elongation. 

Cristobalite  does  not  develop  a  well-defined  crystal  form  but  usually 
occurs  as  minute  branching  skeleton  crystals,  with  the  branches  often 
showing  octahedral  terminal  caps.  The  hi^er  temperature  form  of 
cristobalite  is  isometric;  on  cooling  it  becomes  weakly  birefringent. 
The  birefringence  in  thin  sections  is  barely  discernible  with  the  sensitive 
tint  plate. 
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Table  3. — Density 


Quartz . .- 

Tridymite.. . 

Cristobalite . 

CriBtobalite . 

Quartz  glass 


Artificial  tridymite  (Fenner). 

Natural  tridymite  (Mallard). 

(Endell). 

Artificial  cristobalite  (Femier). 

Natural  cristobalite  (Mallard). 

(EndeU). 

At  1,500**  has  same  density  as 
quartz  glass;  at  300^  sli^tly 
greater  density  than  quarts  glass 
(Rieke  and  Endell). 

(Dana,  Endell). 

(Schwarz). 


Melting  Points 

"It  appears  that  the  fusing  point  of  quartz  is  lower  than  1,470^,  but 
that  at  this  temperature  it  passes  into  cristobalite  almost  as  rapidly  as 
it  melts.  The  fusing  point  of  tridymite  should  lie  between  those  of  quartz 
and  cristobalite."*  "It  is  clear  that  the  indicated  melting  point  of 
cristobalite  must  be  higher  than  1,625°,  the  value  found  by  Fenner, 

higherthanl,685°even,  the  value  found  by  Endell  and  Rieke.* 

As  Dr.  Fenner  has  suggested,  cristobaUte  may  have  a  variable  molecular 
constitution  and  a  similarly  variable  melting  point  according  to  the  con- 
ditions under  which  it  was  formed."^  Kanolt'  finds  that  pure  silica 
flows  distinctly  at  1,750°,  which  is,  therefore,  the  apparent  mdting  point 
and  higher  than  the  true  melting  point.  Quartz  glass  softens  at  1,500° 
and  melts  between  1,700°  and  1,800°.* 

Thermal  Expansion 

The  results  of  LeChatelier's^^  experiments  are  shown  in  Fig.  3;  those 
of  Day,  Sosman  and  Hostetter"  in  Fig.  4. 

*  G.  N.  Fenner:  Stability  Relations  of  the  Silica  Minerals,  Ameriam  Journal  </ 
Science,  ser.  4,  vol.  36,  p.  3S3  (1913). 

*  Endell  and  Rieke:  Zeiisckrift  fUr  AnorganUche,  Chemie.,  voL  79,  pp.  239-259 
(1913). 

'N.  L.  Bowen:  Ternary  System:  Diopride-Forsterite-SQica,  Ammom  Jourwal 
of  Science,  ser.  4,  vol.  38,  p.  218  (1914). 

*  C.  W.  Eanolt:  Melting  Point  of  Fire-Bricks,  U,  S.  Bureau  of  Sktndard^  Teck^ 
noloQic  Paver  No.  10,  p.  14  (1912). 

•A.  E.  Marshall:  Fused  Silica  Ware,  Its  Manufacture,  Properties  and  Uses* 
Metallurgical  and  Chemical  Engineering,  vol.  10,  pp.  248-249  (Apr.,  1912). 

>^  LeChatelier :  La  Silice,  Revue  UnioeraeUe  dee  Minee,  ser.  5,  voL  1,  p.  90  (1913). 

^^  Day,  Sosman  and  Hostetter:  Determination  of  Mineral  and  Rock  DeiuiUM  at 
High  Temperatures,  American  Journal  of  Sdenee,  ser.  4^  vol.  S?^  pp.  1-419  (1914). 
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LeChatelier  gives  the  mean  linear  expansion  of  quartz  glass"  as 
0.0«7;  Kaye"  gives  the  following  figures:  0**  to  30**C.,  0.0«42;  30°  to  100**, 
0.0.53;  100°  to  500°,  0.0a58;  500°  to  900°;  0.0a50;  900°  to  1000°;  0.0^. 
Quiartz  glass,  partly  devitrified  by  long-continued  heating  at  a  high  tern- 
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FiQ.  3. — Rbsults  of  Lb  Chatblibb'b  ExPBaiicBNTS  in  Thbbmal  Expansion. 

perature,  so  that  it  contains  much  /3  cristobalite,  if  cooled  rapidly_^to 
300°  remains  completely  clear  and  transparent,  and  but  few  cracks  appear. 
When  further  cooled,  however,  to  230°,  the  sudden  formation  of  numerous 


FiQ.  4. — Thermal  Expansion  of  Quartz. 

fine  cracks  causes  the  glass  to  become  white  and  opaque,  coincident  with 
the  inversion  of  /9  to  a  cristobalite.  The  specific  volume  and  coefficient 
of  expansion  of  /9  cristobalite  are,  therefore,  nearly  the  same  as  those  of 
quartz  glass;  the  presence  of  a  few  cracks  at  300°  indicate  that  the 

u  G.  W.  C.  Eaye:  Expansion  and  Thennal  Hystereaia  of  Fused  Silica,  FhO/f^-^ 
sopMcoJ  Magatinej  ser.  6,  vol.  20,  pp.  718-728  (Oct.,  1910). 
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cristobalite  probably  has  a  slightly  greater  coefficient  of  expansion  than 
the  glass.  ^' 

Solubilities 

Rammelsberg,^*  and  Lange  and  Milberg"  studied  the  solubility  of 
quartz,  opal  and  amorphous  silica  in  alkaline  solutions,  but  not  that  of 
tridymite  or  cristobalite.  Cramer  found  the  solubility  in  KOH  of  quart- 
zite  burned  once  in  a  porcelain  kiln  to  be  41  per  cent.;  burned  10  times, 
70  per  cent.  After  the  first  burning,  this  material  probably  consisted 
of  a  mixture  of  cristobalite  and  quartz;  after  the  tenth  burning,  of  cristo- 
balite and  tridymite,  with  a  small  amount  of  quartz."  Schwarz^^  ob- 
tained the  results  shown  in « Table  4  on  boiling  powders  with  grains 
approximately  0.04  mm.  in  diameter. 

Table  4 


SdubiUty  of 

Reagent 

p2^t. 

Tridymite. 
Per  Cent. 

GriBtO- 

baUte. 
Percent. 

AmorphouB 
Per  Cent. 

Time. 
Hours 

5  per  cent.  NatCOt  solution 
5  per  cent.  HF  solution. . . 
1  per  cent.  HF  solution. . . 

2.11 

30.17 

5.20 

2.77 
76.30 
20.30 

74.3 
25.8 

96.6 
52.9 

H 
H 

1 
- 

Identification  of  Cristobalitb  and  Tridymitb 

The  method  of  identification  most  readily  applied  is  by  determination 
of  the  indices  of  refraction  by  the  immersion  method,  described  later  on 
in  this  paper.  Tridymite  may  also  be  recognized  by  its  characteristic 
needles,  laths  and  wedge-shaped  twin  crystals. 

The  methods  of  Rieke  and  Endell,^*  who  have  gone  into  this  subject 
with  great  care,  are  given  in  the  following  paragraphs.  Specific-gravity 
determinations  were  of  little  value  in  the  case  of  quartz  converted  by 
heating  into  cristobaUte  or  tridymite,  for  several  reasons.  The  specific 
gravities  of  the  two  last-named  are  not  greatly  different;  the  material 
always  contains  some  unaltered  quartz;  and  the  end  products  are  so 

^*  Rieke  and  Endell :  Devitrification  of  Quarts  Glass,  Silikat  Zeiisekriflf  vol.  1,  No.  1, 
p.  6  (Jan.,  1913). 

i«  Annden  der  Phynk  und  Chemie,  Poggendorf^  vol.  112,  pp.  177  (1861). 

^  ZeiUehrift  far  AngewandU  Chemie,  1897,  pp.  393  and  425. 

!•  K  EndeU:  SiM  und  Eism,  vol  33,  1770  et  seq.  (Oct.,  1913). 

IT  R.  Schwan :  Chemical  Relationfl  of  the  Various  Modifications  of  SiOi^  ZeUsckrifi 
fur  Anorgani9che  ChtmU,  vol.  76,  p.  424  (1912). 

^*  Rieke  and  Endell:  Volume  Change  of  Some  Ceramic  Raw  Materials  on  Baming, 
Silikai  Zeiischrift,  vol.  1,  No.  4,  pp.  67,  85  (Apr.,  1913). 
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filled  with  microscopic  cracks  that  the  results  of  specific-gravity 
determinations  are  always  low. 

These  fine  cracks  interfered  with  microscopic  investigations.  On 
account  of  total  reflection  at  the  borders,  according  to  Rieke  and  Endell, 
the  greater  part  of  the  end  product  appears  isotropic,  and  the  birefringence 
can  be  detected  only  upon  very  careful  observation. 

By  the  use  of  the  thermal  microscope,  it  was  seen  that  cristobalite 
becomes  isotropic  at  225®  to  230**.  The  effect  was  particularly  evident 
in  cristobalite  derived  from  quartz  glass  or  from  quartz  heated  above 
1,600°;  it  could  not  be  used  as  a  means  of  identification  in  the  case 
of  cristobalite  formed  below  1,450°,  which,  on  account  of  the  cracks 
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Fig.  6. — ^Curvb  Showing  Eftbct  of  Hbat  on  a  Spbciubn  of  Silica  Bbick  Com- 

POBBD   ESSBNTIALLT  OF  CbISTOBALITB.   . 

above  mentioned,  appears  nearly  isotropic.  The  change  in  volume  of 
cristobalite  at  230°  is  considerable.  For  that  reason,  quicksilver  dilato- 
meter  observations  offered  a  sure  way  of  distinguishing  cristobaUte  from 
t ridymite.  A  specimen  of  silica  brick,  composed  essentially  of  cristobaUte , 
on  heating^*  gave  the  curve  shown  in  Fig.  5. 

Bieke  and  EndeU  have  designated  the  sudden  clearing  up  shown  by 
cristobalite  heated  carrfully  over  the  flame  at  about  230°,  as  the  "cristo- 
baUte reaction."  This  effect  can  easily  be  observed  with  the  naked  eye 
in  the  case  of  cristobaUte  derived  from  quartz  glass. 

THE  SILICA  REFRACTORIES 

Raw  Material 
American  Deposits 

The  raw  material  used  for  the  manufacture  of  high-grade  American 
silica  brick  is  a  true  quartzite;  the  deposits  most  extensively  used  are 
described  by  Seaver.*®    Named  in  the  order  of  their  importance,  they 

i»  Siahl  und  Eiaen,  voL  33,  p.  1856,  Fig.  4  (Nov.,  1913). 

*^  K.  Seaver:  Manxifacture  and  Tests  of  Silica  Brick  for  the  By-Product  Coke 
Oven,  Trans.  voL  63,  pp.  125-139  (1916). 
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are  the  so-called  Medina  or  Tuscarora  sandstone  of  Hiintingdon  and 
Blair  Counties,  Pennsylvania,  the  Baraboo  quartzit^  of  the  Devil's  Lake 


^T'^W 


*.**- 


^■•V, 


FiQ.  6.— GimsTER  Flou  in  the  Gorge  of  tub  Juniata  Rh^b,  Nkab  Mou^t 
I'tnoN^  Huntingdon'  Co.,  Pennstlvanta. 


YiQ,  7,^^GANiSTEtt  Floe  on  the  Nobtb  Siub  of  thb  Juniata  River,  Near  Moi:>^ 
Union,  HtrNTiNODON  Co,,  Pbnn»ti*vanla^ 


region,  Wisconsinj  and  the  deposits  of  eastern  Alabama  and  of  Color 
Where  quarried  for  refractory  purposes,  the  Medina  is  white. 
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and  resistant.  Its  steeply  pitching  beds  form  the  crests  of  many  of  the 
mountains  of  central  Pennsylvania,  and  the  steep  slopes  below  the  summit 
are  covered  by  great  bodies  of  talus,  composed  of  blocks  of  the  rock,  vary- 
ing in  size  from  pieces  weighing  a  few  pounds  to  those  weighing  many 
tons.  The  talus  slopes  sometimes  cover  areas  of  a  thousand  acres  or 
more  where  the  beds  have  been  cut  through  by  streams.  For  the  manu- 
facture of  silica  brick,  most  of  the  rock  used  is  taken  from  these  bodies 
of  loose  rock,  locally  called  "ganister  floes,"  although  rock  from  the  solid 
measures  is  sometimes  used.  ^ 

Figs.  6  and  7  are  pictures  of  ganister  floes  near  Mt.  Union,  Hunt- 
ington Co.,  Pa.,  where  the  Juniata  River  cuts  through  Jack's  Mountain. 


Table  5. — Typical  Analyses* 

Constituent 

Medina  Quartsite 
from  Pennflylvania 

Baraboo  Quartsite 

Alabama  Quartiite 

SiOi 

97.80 

97.15 
1.00 
1.05 
0.10 
0.25 
0.10 

97.70 

AliOi 

0.90 
0.85 
0.10 

0.96 

Fe»0, 

CaO 

0.80 
0.05 

MgO 

0.15 
0.40 

0  30 

AlWliAfl 

0.31 

♦K.  Seaver:  Op  dL,  p.  127-128. 


Properties  DetermirUng  Usability 

Not  all  pure  quartzites  are  adapted  to  the  manufacture  of  refractories. 
For  refractory  purposes  three  properties  are  to  be  considered :  mechanical 
strength,  melting  point  and  behavior  on  burning.  Experience  shows 
that  to  produce  a  physically  strong  brick  the  stone  should  be  hard,  dense, 
and  give  splintery,  angular  fragments  of  heterogeneous  size  and  shape 
on  crushing;  one  that  crushes  down  to  rounded  grains  can  not  be  used. 
The  strength  of  the  brick  and  its  melting  point  are  conditioned  by  the 
analysis  of  the  rock.  The  sihca  content  may  vary  from  96  to  98  per  cent. ; 
if  less  silica  is  present  the  fusion  point  is  lowered.  Attempts  to  use  pure 
quartzite  of  99  per  cent.  SiOa  have  not  met  with  success.  The  presence 
of  AI2O3  and  FeaOs  is  necessary  to  form  a  bond;  their  combined  percentage 
is  usually  about  1.75  per  cent.,  and  should  not  exceed  2.6  per  cent.  The 
amount  of  alkalies  should  be  less  than  0.5  per  cent. 

The  melting  interval  of  the  stone  depends  upon  its  content  of  bases. 
For  good  quartzite  it  is  usually  considered  to  be  cone  35  to  36;  that  is, 
1,755  to  1,775°C.*^  Endell*^  obtained  the  following  results,  measuring 
temperatures  by  means  of  an  iridium-iridium-ruthenium  thermoelement 

"  K.  Endell:  Stahl  und  EUen,  vol.  33,  p.  1857  (Nov.,  1913). 
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in  the  calibration  of  which  the  melting  points  of  gold,  palladium  and 
platinum  were  taken  as  1,063'',  1,549''  and  1,755%  the  values  determined 
by  Day  and  Sosman:** 

At  l^dSO^'C,  fine  powder  of  good  quartzite  sintered  together;  pesrsixed 
pieces  showed  no  signs  of  fusion. 

At  lyGOO'^C,  fine  powder  of  good  quartzite  melted  tc^ether  into  drops; 
the  pesHsized  pieces  were  superficially  melted  with  visible  rounding  of  the 
edges. 

At  1,710''C.,  httle  pieces  of  pure  Brazilian  quartz  1  to  2  mm.  in  cro6»- 
section  were  melted  round  after  10  min.  heating;  a  piece  of  3^-in.  cross- 
section  had  strongly  rounded  edges.  Peapftized  pieces  of  good  quartzite 
were  strongly  vitrified  and  showed  fully  rounded  edges. 


Expansion  on  Heating** 

Chemical  analysis  alone  does  not  afford  an  adequate  index  to  the 
behavior  of  a  quartzite  on  heating.  Material  suitable  for  r^ractory 
purposes  does  not  weaken  or  crack  perceptibly  under  the  influence  of 
high  temperatures,  and  shows  considerable  volume  increase  after  a  first 
burning,  retaining  essentially  the  same  volume  later  after  repeated 
burning.  Unsuitable  quartzites,  notably  the  pure,  coarsely  crystalline 
variety,  become  badly  cracked  or  completely  disintegrated  on  heating; 
they  usually  expand  but  little  on  a  first  burning  and  considerably 
thereafter. 

Table  6 


Material 

1 

1       2       i       a 

4 

* 

Per  Cent. 

Per  Cent.    Per  Cent. 

P<rC«it. 

PerOMt. 

Good  quartzite  (average  of  three 
eamples) 

9.4 
5.3 

10.7 
6.5 

11.0 
6.5 

11.3 
9.7 

11.5 

Quartrite  unsuitable  for  refractory 
purposes  (average  of  three  samples) 

Melting  pomt  of  all  samples  cone 
35  to  36. 

10.7 

In  Cramer's'^  experiments,  hard,  fine-grained  quartntes,  which  did 
not  weaken  in  the  heat  treatment,  gave  the  greatest  expansion  on  the 
first  burn.    The  volimie  increase  of  one  specimen  of  good  quartrite  heated 

*>  Day  and  Sosman:  ZeitsckriftfUr  Anarganische  Chemie^  voL  72,  pp.  1-10  (Ang^ 
1911). 

s<  F.  T.  Havard:  Refractories  and  Furnaces,  p.  36,  McGraw-Hill  Book  Co.,  New 
York,  1912. 

**Siahl  und  Eisen,  vol.  21,  p.  772  (July,  1901);  Tonindustrie  ZeUung,  toL  25^ 
p.  864  (1901). 
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to  cone  16  (1,460^  ±)  was  17.1  per  cent,  after  the  first  burn,  22  per  cent, 
after  the  sixth.  This  enlargement  was  due  to  two  factors:  (1)  an  in- 
crease in  porosity  and  (2)  an  expansion  of  the  mineral  itself,  resulting 
from  the  gradual  transformation  of  the  quartz  into  cristobalite  and 
tridymite.  Only  the  latter  effect  is  shown  in  the  figures  of  Table  6, 
calculated  from  specific  gravities  of  samples  of  quartzite  heated  repeat- 
edly to  1,450°  in  a  porcelain  kiln.** 

Texture 

The  insufficiency  of  analyses  and  melting-point  determinations  to 
indicate  the  value  of  a  given  quartzite  for  refractory  purposes  led  Wer- 
nicke and  Wildschrey**  to  seek  an  explanation  in  extensive  microscopic 
studies  of  the  texture  of  the  rock.    Their  conclusions  are  as  follows: 

Typical  qu&rtzites,  consisting  principally  of  differently  oriented 
intergrown  quartz  grains  fairly  uniform  in  size,  metamorphosed  quartzites, 
or  those  showing  undulatory  extinction  under  the  microscope,  can  not  be 
used.  Good  quartzites  consist  of  quartz  grains,  mostly  rounded,  in  a 
groundmass  or  cement  of  amorphous  silica  or  crypto-crystalline  quartz. 
No  muscovite  was  found  in  such  quartzites.  Since  expansion  upon 
heating  presents  no  difficulties  in  the  case  of  quartzites  containing  a 
cement,  only  their  melting  point  need  be  considered.  They  expand 
without  cracking  and  acquire  nearly  their  whole  expansion  on  the  first 
bum.  In  consequence  of  the  fineness  of  division  of  the  impurities  in  the 
cement  and  the  slight  sintering  caused  thereby,  they  are  much  stronger 
after  burning  than  the  typical  quartzites  in  which  the  impurities  are  not 
so  finely  divided.  The  latter  crack  on  burning  and  attain  their  complete 
expansion  more  slowly. 

Grum-Grzimailo,'^  on  the  other  hand,  expresses  the  opinion  that  any 
quartzite  with  more  than  94  to  95  per  cent.  SiOs  may  be  used.  He  states 
that  the  purer  the  material  and  the  larger  the  single  quartz  grains  the 
longer  must  be  the  time  of  burning;  the  finer  the  quartz  and  its  impurities 
the  more  rapidly  will  the  required  changes  take  place  on  heating. 

Wernicke  and  Wildschrey's  views  are  not  supported  by  microscopic 
examinations  of  the  most  important  American  quartzites  as  shown  later 
in  this  paper. 

SiLiOA.  Bkick 

The  material  herein  discussed  is  termed  ''silica  brick"  in  American 
practice,  and  is  made  from  quartzite  of  96  to  98  per  cent.  SiOs  content  to 

»  Calculated  by  the  writer  from  data  of  K  Endell:  SUM  und  Eiaen,  voL  33,  p. 
1774  (Oct.,  1913). 

**  Wernicke  and  Wildschrey:  Quartsite  and  Its  Application  in  the  Refractories 
Industry,  Tonindustrie  Zeitung,  vol.  34,  pp.  688,  723  and  768  (1910). 

Wernicke:  Quartsite  and  Silica  Brick,  8t4M  und  J^uen,  vol.  33,  p.  1860  (Nov., 
1913). 

^  SUM  und  EUen,  vol.  31,  p.  225  (1911). 
12 
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which  about  2  per  cent,  of  lime  is  added  to  serve  as  a  bond.  It  is  not  to 
be  confused  with  the  so-called  "quartzite"  brick,  which  contains  much 
less  silica,  and  in  which  fire  clay  is  the  bonding  material. 

Manufacture 

The  processes  of  manufacture  are  discussed  by  Seaver,**  Hofman," 
and  Havard.**  After  grinding  in  a  wet  pan,  where  the  lime  is  added, 
the  charge  is  molded  into  brick,  dried,  and  burned  in  a  down-draft  kiln. 


•  ■, » 

•■^^ 

^*.4P^^^  ' 

V* 

•-  *  * 

M 

L-":'',  m- 

Fig.  8. — Photomicbooraph  of  Polishbd  Sxtbfacb  of  9-in.  Silica  Bbick.    X  2. 

The  fineness  of  grinding  is  determined  by  the  character  of  brick  to  be 
made;  the  grind  used  for  special  shapes  has  a  larger  proportion  of  fines 


Fia.  9. — PBOTOincRoaBAPB  of  Polishbd  Surface  of  Silica  Shape.    X  2. 

than  that  used  for  standard  9-in.  brick.  In  either  case,  the  ground 
material  consists  of  a  mixture  of  grains  varying  in  size  from  that  of  a  pea 
to  the  finest  powder.**    All  silica  brick  are  made  in  molds  smaller  than 

*•  See  Bibliography. 

*'  See  screen  analyses,  Table  13. 
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the  proposed  size  of  the  finished  brick;  ^  to  Kgin.  per  foot  is  allowed  for 
expansion  in  burning. 

The  brick  must  be  burned  to  such  a  temperature  that  as  much  as  pos- 
sible of  the  permanent  expansion  shall  be  acquired  in  the  kiln,  and  not 
later  in  the  furnace.  The  burning  temperature  is  usually  given  as  cone 
15  to  16,  or  16  to  17,  and  the  time  of  burning  as  20  days,  including  the 
time  required  for  cooUng.  Lange^^  states  that  cone  15  should  be  melted 
down,  cone  16  beginning  to  melt. 

.Properties  of  Silica  Brick 

Analysis. — A  typical  analysis''  of  brick  made  from  Pennsylvania 
rock  is  as  follows: 

Per  Cent. 

SiOi 96.25 

A1,0, 0.88 

Fe,0, ' 0.79 

CaO 1.80 

MgO , 0.14 

Alkalies 0.39 


100.25 


Brick  with  less  than  94  per  cent.  SiOa  or  more  than  3  per  cent.  CaO 
do  not  have  the  necessary  refractory  qualities;  if  less  than  1.5  per  cent. 
CaO  is  present,  the  brick  are  weak. 

Density. — Principally  on  accoimt  of  the  progressive  transformation 
of  quartz  into  other  modifications  of  silica  upon  the  application  of  heat, 
the  density  of  a  silica  brick  is  dependent  upon  the  time  and  temperature 
of  biirning.  Within  certain  limits,  long-continued  heating  or  burning 
at  higher  temperatures  causes  the  density  to  diminish.  The  specific 
gravity  of  a  silica  brick  should  presumably  lie  between  2.65  (the  value 
for  quartz)  and  2.28  (the  value  for  tridymite).  Microscopic  cracks  per- 
meating the  material  render  accurate  determinations  difficult,  and  results 
obtained  in  the  ordinary  way  by  the  use  of  large  pieces  are  quite  sure  to 
be  inaccurate,  even  when  the  sample  has  been  previously  boiled. 

For  more  accurate  results,  the  finely  powdered  substance,  boiled  to 
remove  adherent  air  bubbles,  is  usually  tested  in  a  pycnometer.  Al- 
though somewhat  laborious,  this  method  with  homogeneous  materials 
gives  results  accurate  in  the  second  decimal  place.  As  burned  quartz  is 
not  homogeneous  (see  Figs.  16  and  17),  and  as  the  very  fine  cracks  and 
pores  are  not  always  filled  by  the  pycnometer  liquid,  the  accuracy  of  the 
determinations  in  the  case  of  siHca  brick  is  considered  to  be  ±  0.02.'* 


^^Stafd  und  Eisen,  vol.  32,  p.  1729  (Oct.,  1912). 

"  K.  Seaver:  Op.  cU.,  p.  134. 

"K.  Endell:  Stahl  und  Eisen,  vol.  33,  p.  1773  (Oct.,  1913). 
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In  this  way  Goerens  and  Gilles"  determined  the  specific  gravity  of 
certain  samples  as  2.44.  The  figures^  given  for  the  volmne  density  of 
silica  brick  range  from  1.50  to  1.88,  averaging  about  1.67  for  a  well- 
burned  9-in.  brick.  The  values  quoted  by  different  writers  for  the  ''true 
specific  gravity''  of  this  material  are  quite  inconsistent,  varying  from 
2.05»*  to  2.76." 

Inconsistencies  inexplicable  by  variations  in  the  materials  studied 
may  perhaps  be  explained  on  the  following  grounds: 

Let  W  =  weight  of  specimen  in  grams. 

V   =  entire  volume  of  body  in  cubic  centimeters. 

Vg  =  volume  of  rock  substance. 

Vp  =  volume  of  pores. 

Vo  =  volume  of  open  pores,  which  absorb  water. 

Vc  =  volume  of  closed  pores  and  cracks,  which  absorb  no  water. 

V p  =  y o "T"  re* 

It  is  evident  that  three  possible  values  may  be  obtained  for  the  specific 
gravity, 

W  W 

1.  Oh.    Bulk  specific  gravity  =  y  =  v'4-  V  +  V 

W 

2.  0.    True  specific  gravity   =    yr.    As  already  pointed  out,  for 

silica  brick  this  value  should  probably  lie  somewhere  between  2.28  and 
2.66,  depending  on  the  conditions  of  burning. 

3.  G\  Apparent  specific  gravity,  determined  from  the  weights  of 
dry  specimen  and  water  displaced  after  saturation.    Apparent  si>ecific 

W 
gravity  =  y-j^rr-    Its  value  lies  between  that  of  0  and  Oh  and  is  de- 
pendent on  the  relation  of  closed  to  open  pore  space.    When  7«  =  0, 
0'  =  0;  when  Vo  ^0,0'--  Oh. 

In  many  cases,  the  values  quoted  for  the  "true  specific  gravity"  of 
silica  brick  are  obviously  too  low.  It  is  not  improbable  that  in  such  cases 
the  value  designated  above  as  0'  has  been  considered  to  be  the  true  density 
and  so  reported. 

Porosity. — The  porosity  of  silica  brick  varies  within  wide  limits, 
dependent  upon  the  methods  of  manufacture.  The  importance  of  thb 
property  lies  in  its  relation  to  thermal  conductivity  and  permeability 


"  Goerena  and  Gilles,  Ferrum,  vol.  12,  p.  17  (Nov.,  1914). 

»*  F.  T.  Havard:  Op.  ctt.,  p.  37. 

**Wologdine  and  Queneau:  Conductivity,  Porosity,  and  Gas  Permeability  of 
Refractory  Materials,  Electrochemical  and  M^aUwgical  Industry,  voL  7,  p.  433  (Oct., 
1909). 


Digitized  by 


Google 


J.   SPOTTS  MCDOWELL 


2017 


to  gases. '*  Under  ordinary  conditions  pore  space  acts  as  a  heat  insulator.*' 
Following  the  notation  of  the  preceding  paragraph, 

100  y 

Total  pore  space  in  per  cent,  of  volume  of  body  =  P<  =  — jr  -  = 


100 


(1  -  gg) 

o 


lOOF 
Open  pore  sgace  in  per  cent.  =  Po  =     y  ^  =  100 


(l-ft). 


F.  is  determined  by  absorption  tests;  Pi,  by  ascertaining  the  true 
specific  gravity.  Many  writers  upon  silica  brick  do  not  make  this  dis- 
tinction, but  assume  that  ?«  =  Fu  The  figures  commonly  given  for 
porosity  range  from  18  to  43  per  cent,  of  volume  of  the  brick. 

Strength.*^ — The  figures  in  Table  7  are  taken  from  Havard. 


Table  7.— Figures  Taken  from  Haoard* 

fliliAft  'Rfl4Ak  M«/1a  in 

Crushug  Strencth*  Pooncb 
per  Square  Inch 

Side 

Edge 

End 

niinois 

2,345 
2,896 
2,370 

1,546 
1,044 
1,792 

2,119 
1,551 
1,803 

pAnnoylvAnia 

Mii^iiri 

Seaver'*  studied  the  effect  of  rebuming  on  crushing  strength  and 
modulus  of  rupture  with  silica  bricks  made  in  Pennsylvania  burned 
repeatedly  to  1,540"*  ±.  His  results  (Table  8)  show  that  with  brick 
burned  three  times,  the  strength  of  the  brick  is  increased  by  each 
rebuming. 

Table  8 


Number  of  Burns 

Average  Modulus  of  Rupture. 

Pounds  per  Square  Inch.    Briok 

stood   on   Edge,    Supports   6 

In.  apart 

Pounds  per  Souare  Inoh.    Bnek 
Tested  Flatwise 

1 
2 
3 

624 

809 

1,001 

4,313 
4,396 
4,500 

At  high  temperatures,  the  strength  of  a  brick  is  much  less  than  at 

♦  F.  T.  Havard:  Op.  eU.,  p.  37. 
**  Wologdine  and  Queneau:  Op,  dL 

Goerens  and  Gilles:  Op.  cU. 
"^  DougQl,  Hodsman  and  Cobb:  Thermal  Conductivity  of  Refractory  Materials, 
Journal  of  the  Society  of  Chemical  Industry^  vol.  34,  pp.  465-471  (May,  1915). 
>*  See  also  under  Croas-breaking  and  Crushing  Tests. 
»•  K.  Seaver:  Op.  cU.,  p.  138. 
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ordinary  temperatures/^'  Subjected  to  a  load  of  60  lb.  per  square  inch  and 
gradually  heated,  chrome  bricks  fail  suddenly  at  1,450^,  magnesia  bricks 
at  1,550^.  Silica  bricks  under  the  same  conditions  are  unaffected  at 
l,450^ 

Melting  Point. — The  melting  interval  of  silica  brick  is  generally 
considered  to  lie  between  cones  34  and  36  (1,740  to  1,775**  C.)*^;  Havard** 
states  that  silica  brick  softens  between  1,750  and  1,800^.  Eanolt*' 
measured  the  temperature  at  which  pieces  of  hazelnut  size  visibly  changed 
their  form.  For  three  different  pieces  the  temperaturas  were  1,700**, 
1,705°,  1,700°.  Endell**  tested  brick  consisting  essentially  of  cristobalite, 
as  well  as  brick  consisting  essentially  of  tridymite.  Pea-sized  pieces  of 
both  became  completely  melted  at  1,700°  ±  10. 

The  apparent  discrepancy  between  the  melting  temperature  of  silica 
brick  as  determined  in  the  laboratory,  and  the  temperatures  to  which 
they  are  sometimes  subjected  in  practice,  is  explained  as  follows:**  Only 
the  immediate  surface  of  the  brick  reaches  the  furnace  temperature. 
This  is  soon  melted  when  1,700°  is  exceeded,  forming  a  viscous  glaze, 
which  protects  the  portion  of  the  brick  immediately  adjacent.  This 
portion  does  not  reach  its  melting  point  on  account  of  the  temperature 
drop  toward  the  exterior  of  the  furnace. 


Table  9. — Specific  Heat  of  Silica  Brick* 


1? 

Heyn 

Steger 

Nortont 

True  Specific 
Heat  at  t* 

Mean  Specific 

Mean  Specific 

Heat  between  20> 
and«> 

Heat  between  0* 

Heat  beiw«Mi  20* 
andf* 

0'  c. 

0.200 

0.200 

200*  C. 

0.237 

0.219 

0.205 

400'  C. 

0.270 

0.237 

600°  C. 

0.282 

0.250 

0.225 

800°  C. 

0.285 

0.261 

0.236 

1,000°  C. 

0.208 

0.262 

1,100°  C. 

0.255 

1,200°  C. 

0.291 

0.266 

*E.  Heyn:  Thermal  Conductivity  of  Refractory  Building  Materials,  MitteUungen 
au8  dem  Kdniglichen  Materialprufungaamt,  vol.  32,  p.  180  (101*4). 

W.  Steger:  Specific  Heats  of  Refractory  Products,  SUikai  Zeitsckrifi,  vol.  2,  No. 
11,  p.  203  (Nov.,  1914). 

tC.  L.  Norton:  Private  communication  to  K.  Seaver. 

*^G.  H.  Brown:  Note  on  Load  Tests  Made  on  Magnesite,  Chrome  and  Silica 
Brick,  Transactions  of  the  American  Ceramic  Society^  vol.  14,  pp.  391-393  (1912). 
«i  K  Endell:  Stahl  und  Eisen,  vol.  33,  p.  1856  (Nov.,  1913). 
«  F.  T.  Havard:  Op,  cU.,  p.  29. 

«>  U.  S,  Bureau  of  Standards,  Technologic  Paper  10  (1912). 
**  K  EndeU:  Op.  cU.,  pp.  1857,  1858. 
«•  K  EndeU:  Op.  cU.,  pp.  1857,  1858. 
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Thermal  C(mdudwity. — ^The  divergence  in  the  results  obtained  by 
different  observers  in  the  determination  of  thermal  conductivity  has 
occasioned  considerable  discussion.  As  Dudley  points  out,  these  varia- 
tions are  due  to  variations  in  the  materials  tested,  as  well  as  to  differences 
between,  or  inaccuracies  of,  the  methods  employed.  For  comparative 
purposes,  the  coefficients  are  given  in  Table  10  for  some  fire-clay  brick 
also.  The  coefficient  k  represents  the  flow  of  heat  in  calories  per  second, 
per  square-centimeter  area,  through  1-cm.  thickness,  for  a  temperature 
difference  of  1"*  C.  To  convert  these  figures  into*  B.t.u.  per  24  hr.  per 
square-foot  area  per  inch  thickness  per  1^  F.  temperature  difference, 
they  should  be  multiplied  by  69,700. 


Table  10 

Conductivity 

. 

Material 

Teittperaturo 

MeanJb 
between 
ft  and  Is 

Reference 

ti 

t% 

Silica  brick,  "Star"  brand 
95.9  per  cent.  SiOt 

Clay  brick,  "Woodland" 
brand  52.9  per  cent.  SiOi, 
42.7  per  cent.  AliOs 

"Quartrite"  brick,  73.9  per 
cent.  SiOt,  22.9  per  cent. 
A1,0,. 

Silica  brick,  96  per  cent. 
SiOt,  specific  gravity,  2.44 

Claybrick,  53.9  SiOi,  40.2 
A1,0, 


100 

1,000  I 

I 

100  I 
1,000 

100  I 

1,000  i 

100  j 

1,000  I 

100  I 
1,000 


0.0021 
0.0031 

0.0016 
0.0025 

0.0020 
0.0027 

0.0028 
0.0031 

0.0022 
0.0027 


Calculated  from  results  of 
Boyd  Dudley,  Jr. 

TranaadwM  of  the  American 
Electroehemieal  Society f  vol. 
27,  p.  336  (1915). 


Calculated  from  results  of 
Goerens  and  Gilles,    Fer- 
rum^    vol.    12,    pp.   1,  17 
(Oct.,  Nov.,  1914). 


Notwithstanding  the  lack  of  numerical  correspondence  in  results, 
Dudley,  as  well  as  Goerens  and  Gilles,  finds  that  the  coefficients  are 
greater  at  high  temperatures  than  at  low,  and  that  the  conductivity  of 
silica  brick  is  greater  than  that  of  clay  brick.  The  latter  conclusion  is 
corroborated  by  Brown,^*  who  compared  the  flow  of  heat  through  the 
following  materials: 

Silica  brick 95.5  per  cent.  SiOt,      1.9  per  cent.  AlsOt. 

Quartsite  brick 83.4  per  cent.  SiOi,    11.8  per  cent.  AliOt. 

Clay  brick 63.2  per  cent.  SiOt,    33.0  per  cent.  AliO*. 

Cylindrical  specimens  were  heated  at  one  end  to  1,300^  C.  while  the 
other  end  was  exposed  to  the  atmosphere  at  31°  C.    Under  these  condi- 

^  G.  H.  Brown:  Relative  Thermal  Conductivities  of  Silica  and  Clay  Refractories, 
Tramaetiwu  of  the  Ameriean  Ceramic  Society,  vol.  16,  pp.  382-385  (1914). 
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tions,  after  equilibrium  had  been  attained,  the  conductivity  of  the  silica 
brick  was  9  per  cent,  greater  than  that  of  the  clay  brick,  and  3  per  cent, 
greater  than  that  of  the  quartzite  brick. 

Wologdine^^  shows  that  the  conductivity  of  both  silica  and  day 
refractories  increases  with  higher  temperatures  of  burning.  His  figures 
indicate  that  silica  is  a  poorer  conductor  than  clay,  for  material  burned  at, 
or  lower  than  1,300^.  Marshall^*  quite  properly  holds  that  while  Wolog- 
dine's  data  are  probably  correct  for  the  materials  investigated,  lus  figures 
are  not  practically  applicable  in  a  comparison  of  American  refractories, 
since  commercial  silica  brick  are  burned  at  a  higher  temperature  than 
1,300^ 

The  data  given  by  Boyd  Dudley,  Jr.,**  are  of  particular  interest,  in 
that  the  materials  studied  are  three  well-known  brands  of  American  r^rae- 
tories.  The  mean  conductivities  between  any  two  temperatures  ti  and 
tt  can  be  calculated  from  his  results  expressed  by  the  foUowing  straight- 
line  formula  based  upon  measurements  taken  up  to  about  1,000^  C: 

"Woodland"  brick Jb  -  0.0016  +  0.0*10  (ti  +  U) 

"Quartzite"  brick Jb  -  0.0019  +  0.0*08  Oi  +  U) 

"Star"  siUca  brick Jb  »  0.0020  +  0.0*11  {h  +  «,) 

These  formulse  should  be  used  with  caution  above  1,000%  and  the 
formula  for  silicia  brick  should  probably  not  be  applied  above  1,050%  as 
Heyn*®  finds  a  sharp  rise  in  the  conductivity  of  this  material  between 
1,050^  and  1,100% 

Expansion. — The  problem  of  the  expansion  of  silica  brick  is  thus 
stated  by  Seaver:*^  In  the  process  of  manufacture,  a  permanent  expan- 
sion occurs  under  the  influence  of  heat,  swelling  the  brick  from  the  mold 
or  ''green"  brick  size  to  the  required  or  ''burned"  size.  It  is  desired 
that  the  permanent  expansion  should,  if  possible,  be  completed  in  the 
burning,  so  as  to  prevent  further  swelling  in  subsequent  use.  "In  every 
burned  brick  expansion  will  occur  on  heating — ^a  true  thermal  expansion, 
identical  in  its  general  character  with  that  incident  to  the  heating  of 
practically  all  bodies.  Such  thermal  or  temporary  expansion  will  dis- 
appear upon  cooling,  and  being  the  expression  of  the  coefficient  of  expan- 
sion of  the  silica  it  is  unavoidable.  This  thermal  or  temporary  expansion 
occurring  upon  heating  a  burned  brick  is  not  to  be  confused  with  the 
permanent  expansion  produced  in  the  body  of  the  brick  during  its 
manufacture.    It  is  argued  that  if  a  silica  brick  is  not  properly  burned. 

*^  EUctroehemical  and  MetaUurgical  Industry,  voL  7,  pp.  3S3  and  433  (Sept^- 
Oct.,  1909). 

^*S.  M.  Marshall:  Relative  Thermal  CJonductivity  of  Silica  and  Clay  Brick, 
MetaUurgical  and  Chemical  Engineering,  vol.  12,  p.  74  (Feb.,  1914). 

«•  See  Table  10. 

*^  MiUmtungen  au»  dem  KiMglichen  Materialpntfungeamt,  voL  32,  p.  181  (1914\ 

•1 K.  Seaver:  Op,  cU,,  p.  133. 
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then,  upon  reheating  in  actual  coke-oven  practice,  there  will  be  not 
only  a  normal  thermal  expansion,  but  an  additional  expansion  of  indeter- 
minate amoimt  which  will  be  permanent.  It  is  essential  in  the  construc- 
tion of  the  coke  ovens  that  the  expansion,  whatever  its  nature,  be  as 
small  as  possible,  and  that,  whatever  it  is  to  be,  it  be  known  and 
adequately  cared  for." 

Since  the  final  increments  of  permanent  expansion  are  acquired  but 
slowly  imder  the  influence  of  high  temperatures  it  is  foimd  that  rebumed 
brick  show  a  slight  increase  in  volume  after  each  of  several  heat  treat- 
ments. It  is  generally  held  that  the  manufacturer  can  do  nothing  to 
diminish  the  temporary  expansion.  ^^ 

The  linear  expansion  in  the  burning  from  "green  brick"  size  to  size 
of  finished  product  is  ^  to  Ke  iii-  P^r  foot,  that  is,  3.1  to  3.6  per  cent. 
It  may  be  here  noted  that  the  change  of  volume  in  the  complete  trans- 
formation of  quartz  to  cristobalite  corresponds  to  a  linear  expansion  of 
4.35  per  cent.;  quartz  to  trid3rmite,  5.3  per  cent. 

With  a  number  of  brick  burned  repeatedly  to  cone  16  to  17,  Cramer*' 
found  an  average  permanent  linear  expansion  of  3.2  per  cent,  on  the 
first  bum,  an  increment  of  0.6  per  cent,  on  second  burn  and  0.2  per  cent, 
on  the  third.  In  a  test  mentioned  by  Havard,**  a  Pennsylvania  silica 
brick  reheated  to  1,400®  C.  had  a  total  linear  expansion  of  1.7  per  cent., 
of  which  0.4  per  cent,  was  permanent,  1.3  pgr  cent,  temporary.  Stock- 
man and  Foote,**  at  the  Massachusetts  Institute  of  Technology,  studied 
the  temporary  thermal  expansion  of  two  brands  of  silica  brick  with  the 
results  shown  in  Table  11. 


Table  11 

Average  Total  Linear  Expansion  at 

Brand 

300», 

(WO*. 

900O. 

1.200*. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Percent. 

I.  Reese  &  Sons 

0.9 

1.5 
0.7 

1.9 
0.9 

• 

Star 

1.1 

Practical  experience  shows  that  the  thermal  expansion  of  well-biuned 
biick  amoimts  to  Jf  e  to  Ji  in.  per  foot  (1.6  to  2.1  per  cent.)  of  which  the 
greater  part  occurs  below  600®  C. 

"In  laying  siUca  brick  it  is  important  to  leave  room  for  expansion; 

*'  Experimental  results  hereinafter  given  indicate  that  this  view  is  subject  to 
certain  qualifications. 

»»  ToninduOrie  ZeUung,  vol.  25,  p.  876  (1901);  Stahl  und^Eisen,  vol.  21,  p.  772 
(July,  1901). 

M  F.  T.  Havard:  Op.  cU.,  p.  37. 

^  Massachusetts  Institute  of  Technology  Mining  Department  Thesis  No.  226, 
1902. 
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thus  in  a  reverberatoiy  furnace  for  melting  sulphide-copper  ores,  having 
12-in.  silica  brick,  3^  in.  is  allowed  to  1  ft.  in  the  roof,  ^e  in.  to  2  ft. 
in  the  bottom;  the  expansion  space  is  occupied  by  cardboard  when  the 
brick  is  being  laid."** 

Effect  of  Rapid  Temperaiure  Change. — Closely  connected  with  the 
expansion  on  heating  is  the  inabiUty  of  silica  brick  to  withstand  rapid 
changes  Of  temperature.  For  this  reason,  both  while  being  manufactured 
and  later  when  put  into  use,  heating  and  cooling  must  take  place  evenly 
and  slowly.  "By  quick  burning"  (in  the  kilns)  "brick  may  be  easily 
expanded  by  double  or  treble  the  normal  amount;  but  sound  brick  do 
not  result.  This  excessive  expansion  is  due  to  minute  fissures  opened 
up  in  the  body  of  the  brick  ...  In  the  early  stages  of  firing  the  heat 
must  be  raised  very  slowly."*^  If  cooled  too  rapidly,  silica  brick  become 
friable,  crack  and  spall.  An  imderbumed  brick  is  less  likely  to  spall  than 
a  well-burned  one,  but  is  weak,  and  has  an  excessive  expansion,  largely 
of  a  permanent  character,  when  heated  in  the  furnace. 

Canstiiution 

The  constitution  of  silica  brick  and  its  relation  to  the  phenomena  of 
expansion  have  engaged  the  attention  of  many  investigators.  K.  Endell^ 
gives  a  historical  sketch  of  the  most  important  work  done  in  this  connec- 
tion. In  1890,  E.  Mallard*'  discovered  trid3anite  crystals  in  brick  which 
had  been  in  use  a  year  and  a  half;  this  observation  was  confirmed  in  1911 
by  Grum-Grzimailo.*^  The  latter  found  that  silica  brick,  when  first 
made,  consisted  of  grains  of  imaltered  quarts  surroimded  by  an  apparently 
amorphous  groimdmass,  which  was  held  to  be  glass,  together  in  some  cases 
with  var3ring  amounts  of  trid3anite;  upon  several  months'  use  in  the 
open-hearth  furnace,  the  brick  gradually  and  completely  went  over  into 
a  mass  of  interlocking  twin  crystals  of  tridymite.  To  avoid  continual 
expansion  in  the  furnace  it  was  proposed  to  burn  the  brick  in  such  a  way 
as  to  effect  the  complete  transformation  to  tridymite  in  the  kilns. 

Holmquist*^  discovered  cristobalite  in  brick  which  had  melted  and 
hung  down  from  the  roof  of  the  furnace  as  stalactites. 

Endell**  shows  that  the  texture  and  constitution  of  silica  brick  are 
quite  different  before  use,  after  10  charges  in  the  open-hearth  furnace, 
after  50  charges,  and  again  after  having  been  melted.  After  the  first 
bum,  about  two-thirds  of  the  material  was  found  to  be  converted  into  an 

••  H.  O.  Hofm&n:  General  Metallurgy,  p.  368,  McGraw-Hill  Book  Co.,  New  Tork« 
1913. 

•7  K  Seaver:  Op.  cU.,  p.  139. 

M  SUM  und  Eiaen,  vol.  32,  p.  392  (Mar.,  1912). 

^^BuUetint  SocUU  francaite  de  ndniralogie,  vol.  13.  p.  172  (1890). 

^SUM  und  Eisen,  vol.  31,  pp.  224r-226  (Feb.,  1911). 

^^Tonindustrie  ZeUung,  vol  36,  p.  1325  (1911). 

•*8kJd  und  Eiaen,  vol  32,  p.  392-397  (Mar.,  1912). 
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apparently  isotropic  modification  of  silica,  enclosing  unaltered  quartz 
grains  of  unequal  size.  This  apparently  isotropic  form  was  at  first  be- 
lieved to  be  glass,  but  later  shown  to  be  cristobalite.*'  Since  the  trans- 
formation of  the  original  quartz  was  not  complete  in  the  initial  bum, 
the  conclusion  was  reached  that  only  about  two-thirds  of  the  expansion 
takes  place  in  the  kilns,  and  the  rest  must  occur  in  the  furnace.  In  a 
brick  which  had  been  through  10  charges  in  the  open-hearth  furnace, 
the  groundmass  was  foimd  to  be  converted  to  a  large  degree  into  tridy- 
mite,  while  the  larger  quartz  grains  were  transformed  into  the  apparently 
isotropic  condition  (cristobalite).  After  about  50  charges,  a  good  silica 
brick  consisted  almost  wholly  of  interlaced  tridymite  crystals.  A  brick 
was  examined  in  which  a  rind  2  or  3  cm.  thick  had  been  melted,  while 
the  rest  of  the  piece  showed  no  signs  of  fusion.  Three  zones  could  be 
distinguished.  The  one  lying  nearest  the  heat  had  been  fully  melted, 
and  later,  in  cooling,  crystallized  out  in  part  as  cristobalite,  which  was 
surrounded  by  a  yellow  iron-containing  glass.  The  birefringence  and 
other  crystal  properties  of  cristobalite  formed  in  this  way  were  much  more 
easily  recognized  than  with  cristobalite  formed  by  the  transformation  of 
quartz.  The  colorless  cristobalite  grains  were  penetrated  by  pearly 
cracks  and  twinned  in  a  very  complicated  manner.  In  the  thermal 
microscope  they  became  isotropic  at  220®.  Analysis  yf  this  fused  zone 
showed  a  silica  content  of  but  90  per  cent.;  vaporization  of  Si02  had  pre- 
sumably been  favored  by  intermediate  formation  of  silicon  carbide.  The 
central  zone  showed  the  typical  constitution  of  a  tridymite  brick  which 
still  contains  some  cristobalite.  As  the  outer  zone  was  approached, 
grains  of  quartz  appeared;  the  latter  zone  contained  considerable  unaltered 
quartz  in  a  groundmass  of  cristobalite,  and  in  constitution  appeared  like 
an  unused  brick.    It  had  evidently  been  kept  cool  by  the  outside  air. 

Elndell*^  studied  also  the  changes  in  the  constitution  of  quartzites 
after  repeated  burning  in  a  porcelain  kiln  to  1,450®  C.  It  was  found  that 
the  fiunely  divided  impurities  of  the  quartzite  serve  as  inversion  centers  and 
hasten  the  transformations. 

Rock  heated  three  times  was  converted  principally  into  cristobalite, 
with  some  unaltered  quartz  grains  remaining.  The  latter  went  over 
into  cristobalite  on  longer  heating  and  cadsed  a  continual  expansion. 
After  10  heatings,  there  were  still  a  few  unaltered  quartz  particles,  and  a 
snGtall  proportion  of  tridymite  had  appeared  in  the  form  of  the  character- 
istic wedge-shaped  twin  crystals.  Quartzite  burned  four  times  in  the 
porcelain  kiln,  and  later  heated  2  hr.  to  1,600®  was  completely  transformed 
into  cristobalite. 

Seaver  and  Klein*^  made  quantitative  determinations  of  the  consti- 
tution of  silica  brick  and  quartzite  burned  repeatedly  to   1,540®  C, 

•»K.  EndeU:  StM  und  Eiaen,  vol.  33,  p.  1856  (Nov.,  1913). 

w  Op,  cU.,  p.  1866. 

« K.  Seaver:  Op.  cU.,  p.  137.  ^  , 
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that  temperature  being  maintained  each  time  for  about  40  hr.    Their 
results  are  shown  in  Table  12. 


Table  12 

SUioa  Brick 

Qnartdte 

Burn 

Bum 

Per  Cent.  |  Per  dent. 

Per  Cent. 

PerCwit. 

Percent. 

77                83 
23       i       17 

84 
16 

49 

69 

Per  cent,  quartz  and  silicates 

51 

31 

No  tridymite  was  to  be  expected  in  these  tests,  since  that  mineral  is 
not  known  to  be  formed  under  any  conditions  above  1,470®  C. 

The  relation  of  the  constitution  of  silica  brick  to  the  expansion  on 
heati^g  is  indicated  by  the  facts  that  the  volume  increase  in  the  trans- 
formation of  quartz  to  cristobaUte  is  13.6  per  cent.;  quartz  to  tridymite, 
16.7  per  cent. 

MICROSCOPIC  STUDY  AND  EXPERIMENTAL  DATA 

Microscopic  Examination  of  Quabtzites 

The  accompanying  photomicrographs  represent  the  texture  of  speci- 
mens of  quartzite  from  the  deposits  most  important  in  the  American 
refractories  industry.  All  of  these  quartzites  consist  essentially  of 
individual  quartz  crystals  of  random  orientation  closely  packed 
together  and  interlocking  with  sharp  angles.  No  trace  of  a  groundmass 
or  binding  material  is  to  be  seen,  except  in  a  few  small  and  isolated  areas, 
which  do  not  appear  in  the  figures.  Small  inclusions  are  visible  in  great 
nimiber.  The  accessory  minerals  are  extremely  small  in  amount,  and 
have  not  been  studied. 

Fig.  10  shows  the  Medina  quartzite  from  Mount  Union,  Huntingdon 
Co.,  Pa.  This  consists  essentially  of  a  mass  of  interfering  quartz  crystals, 
each  with  a  sand  grain  as  a  nucle\is.  The  rounded  or  subangular  out- 
lines of  the  original  sand  grains  are  marked  by  a  row  of  inclusions,  and 
are  perfectly  distinct.  The  spaces  between  these  are  filled  with  secondary 
quartz  which  has  attached  itself  to  the  original  grains  in  crystalline 
continuity  with  them,  so  that  the  original  quartz  grain  and  the  new 
quartz  border  have  the  same  extinction  positions  and  interference  colors. 
The  borders  contain  but  few  inclusions,  and  consequently  are  much 
clearer  than  the  nuclei. 

The  Baraboo  Quartzite  from  Ablemans,  Wis.,  is  shown  in  Fig.  11. 
The  grain  is  much  coarser  than  that  of  the  other  quartzites  examined, 
and  the  line  along  which  the  interlocking  individuals  join  is  peculiarly 
jagged.  Many  of  the  grains  show  a  marked  undulatory  extinction  with 
crossed  nicols;  that  is,  the  whole  of  the  crystal  is  not  extinguished  at 
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the  same  timei  but  a  wave-like  shadow  passes  over  it  on  rotating  the 
stage. 


FiQ.  10.  FiQ.  li. 

Fig.  10. — Medina  Quabtzitb  from  Mt.  Union,  HuNnNODON  Co.,  Pbnnstl- 
vAMiA  (Whitbhbad).  Thb  Fibld  Shows  a  Mass  of  Intebfbbing  Quabtz  Cbtbtals 
Each  with  a  Sand  Grain  as  a  Nuclbus.  Thb  Oxttlines  of  tttb  Original  Grains 
Abb  Well  Shown  in  thb  Two  Crystals  to  the  Left.    Crossed  Nicolb.     X  48. 

Fig.  11. — Baraboo  Quartzitb  from  Ablemans,  Wisconsin  (Whitbhbad). 
Undulatort  Extinction  is  Shown  bt  a  Grain  Near  the  Center  and  bt  One 
Nbab  the  Top  of  the  Section.    Crossed  Nicols.     X  48. 


Fig.  12.  Fig.  13. 

Fig.  12. — Quartzitb  from  Northeastern  Alabama,  Used  in  Brick  Making 
AT  Wtlam,  Alabama  (Whitehead).  Note  the  Striated  Appearance  of  Some 
OF  THB  Grains.    Crossed  Nicols.     X  48. 

Fig.  13. — Quartzitb  Used  in  Brick  Making  at  Anaconda,  Mont.  (Whttb- 
ssAi>).  Crossed  Nicols.     X  48. 

The  crystals  of  the  Alabama  quartzite  contam  numerous  inclusions, 
arranged  in  nearly  parallel  lines,  which  with  low  magnifications  appear 
under  the  microscope  as  fine  striations.  The  Anaconda  quartzite  is 
extremely  fine  in  grain. 

Digitized  by  VjOOQIC 


2026 


A  STUDY   OF  THE  SILICA  REFRACTORIES 


The  textural  relations  above  described,  and  illustrated  in  the  photo- 
micrographs, do  not  sustain  the  conclusion**  that  only  quartzites  contain- 
ing a  fine-grained  groundmass  or  cement  can  be  used  in  the  manufacture 
of  high-grade  silica  refractories. 

In  Figs.  10, 11, 12, 13,  *^  quartz  grains  in  extinction  positions  are  shown 
by  black  areas;  quartz  grains  in  other  positions  appear  as  lighter  areas. 
The  small  black  dots  are  mostly  inclusions. 

Study  of  Silica  Brick 
Description  of  Test  Brick 

The  conditions  imder  which  the  test  brick  were  made  werev  devised 
by  the  engineering  department  of  the  Harbison-Walker  Refractories  Co., 
with  the  purpose  of  studying  the  effects  of  variations  in  grind  and  tem- 
perature of  biuTiing,  and  of  repeated  burning,  upon  the  physical  proper- 
ties and  constitution  of  silica  brick.  Accordingly,  three  lots  of  9-in. 
brick  (approximately  9  by  4^  by  2J^  in.  in  size)  were  made  up.  These 
lots  will  be  hereinafter  referred  to  as  "regular",  "medium",  and  "fine 
grind"  respectively.  The  regular-grind  specimens  were  made  by  the 
usual  method  for  9-in.  brick;  those  of  medium  grind  were  given  the  grind 
used  for  silica  shapes,  and  pounded  into  loose-side  molds,  as  silica  shapes 
are  treated.  The  material  used  for  the  fine  grind  was  screened  through 
an  8-mesh  hand  screen,  returned  to  the  pan  and  regroimd  long  enough 
to  add  and  mix  lime  thoroughly;  the  brick  were  pounded  into  loose-^de 
molds.    Screen  anal3rses  are  shown  in  Table  13. 


Table  13.- 

—Screen  Analyses  of  Test  Brick 

Screen  Numbers  in  Meshee  per  Linear  Inoh 

Grind 

Held  on                                        i  Throosh 

11 

8, 
Per 
Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Regular !       16.3 

Medium  or  shape 10.2 

Fine 

13.4 
13.1 
14.3 

4.0 
2.2 
4.1 

5.4 
6.0 
6.6 

4.8 
4.7 
4.1 

56.5 

64.8 
71  0 

A  number  of  brick  from  each  lot  were  burned  imder  the  ordinary 
conditions  of  manufacture  at  three  positions  in  the  kiln,  designated  for 
convenience  as  positions  A,  B  and  C.  The  brick  were  burned  a  num- 
ber of  times,  being  under  fire  approximately  10  days  each  time,  and 
specimens  were  set  aside  for  study  after  each  burning. 

••  See  under  Texture, 

*^  Figs.  10  to  12  inclusive  are  from  specimens  furnished  by  the  Haifoison-Walker 
Refractories  Co.  Fig.  13  is  from  specimen  furnished  by  the  Anaconda  Copper 
Mming  Co. 
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The  temperatures  attained  on  the  various  bums  as  measured  by 
Orton-Seger  cones  are  shown  in  Table  14. 

Tablb  14. — Temperature  Measured  by  Orton-Seger  Cones 


Pontion 

Number  of  Sum 

A 

B 

C 

1 

Cone  15 

Cone  13 

Cone  14 

2 

Cone  16 

Cone  13 

Cone  14 

3 

Cone  15 

Cone  15 

Cone  15 

4 

Cone  13 

Cone  14 

Cone  14 

5 

Cone  15 

Cone  15 

Cone  15 

6 

Cone  16 

Cone  14 

Cone  14 

The  fusion  points  of  these  cones  are  as  follows: 

Cone 

OrtonSoale. 
Degrees  Centigrade 

Seger  Revised  Scale,* 
Degrees  Centigrade 

13 
14 
15 
16 

1,390 
1,410 
1,430 
1,450 

1,380 
1,410 
1,435 
1,460 

*  Advertisement  in  1914  Calendar  of  ToninduttrU  Ztitung 

The  fusion  points  in  silica  brick  kilns  probably  average  70^  lower 
than  the  figures  given  by  the  manufacturers,*^  but  can  not  be  told  with 
exactness,  since  cones  give  very  erratic  results  when  used  in  such  kilns^*' 

Physical  Tests 

Density  and  Porosity. — ^The  bulk  and  apparent  specific  gravities  and 
per  cent,  of  open  pore  space  of  certain  brick  of  the  first  bum  are 
shown  in  Table  15.  The  term  ''apparent"  specific  gravity,  is  used  in 
the  sense  defined  earlier  in  this  paper  under  the  heading,  "Properties 
of  Silica  Brick."  The  composition  of  the  brick  (hereinafter  discussed) 
suggests  that  the  value  of  the  true  specific  gravity,  of  which  no  deter- 
minations wt^re  made,  probably  lies  between  2.40  and  2.45.  The  per 
cent,  of  open  pore  space  was  calculated  from  the  two  specific  gravities 
(see  discussion  under  heading  just  mentioned). 

From  the  figures  given  it  appears  that  the  greatest  porosity  is  shown 
by  the  coarse  (regular)  grind,  and  the  least  by  the  medium  (shape)  grind. 


—  Hoffman:  Tonindustrie  Zeiiung,  vol.  35,  pp.  1099-1100  (1911). 
S.  Qeijsbeek:  Melting  Points  of  Pyrometric  Cones  under  Various  Conditions, 
Transaetiont  o/  the  American  Ceramic  Society,  voL  14,  849-871  (1912). 
••  K  Seaver:  Op.  cU.,  p.  133. 
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The  data  are  insufficient  to  justify  any  conclusions  as  to  the  e£Fect  upon 
porosity  of  variations  in  burning  temperature. 

Table  15. — Tabvlated  Data:  Dieimty  and  Porosity 

First  Bum 


Mark 

Grind 

Burned 
Cone 

Bulk 
Specific 
Gravity 

£>ecific 
Gravity 

Open  Pore 
Volume 

O^Pore 

Meanl^er 
Cent,  of 
Volume 

Cent,  of 
VdniM 

83-A-l 

Regular 

15 

1.678 

2.259 

25.7 

26.1 

279-A-l 

Regular 

15 

1.655 

2.254 

26.5 

69-C-l 

Regular 

14 

1.637 

2.229 

28.5 

28.5 

228-B-l 

Regular 

13 

1.671 

2.251 

25.7 

25.7 

26.8 

585-A-l 

Medium 

15 

1.770 

2.247 

21.3 

21.8 

601-A-l 

Medium 

15 

1.748 

2.249 

22.3 

679-C-l 

Medium 

14 

1.723 

2.232 

22.7 

22.7 

44^B-1 

Medium 

13 

1.839 

2.277 

19.2 

19.2 

21.2 

1,148-A-l 

Fine 

15 

1.767 

2.272 

22.7 

22.5 

1,149-A-l 

Pine 

15 

1.765 

2.272 

22.3 

854-C-l 

Fine 

14 

1.725 

2.242 

23.2 

23.2 

997-B-l 

Fine 

13 

1.774 

2.264 

21.7 

21.7 

22.5 

Cross-Breaking  and  Crushing  Tests 

In  the  transverse  tests  the  brick  were  laid  edgewise  with  a  span  of 
6  in.  and  the  load  applied  at  midspan.    Modulus  of  rupture  was  calculated 

Q  W  J 

from  the  formula  12  =oT^>  "^  which  I  is  the  distance  between  supports 

in  inches,  h  the  breadth  and  d  the  depth  of  the  specimen  in  inches,  and  F 
the  load  in  pounds  at  which  failure  occurred.  Compression  tests  were 
made  on  half  bricks  resulting  from  the  transverse  tests.  The  bricks  were 
bedded  flatwise  on  blotting  paper  in  the  testing  machine  to  secure  a 
uniform  bearing  surface.  The  crushing  strength  was  obtained  by  divid- 
ing the  crushing  load  in  poimds  by  the  mean  area  in  square  inches  of  the 
two  surfaces  of  the  brick. 

Unfortunately,  but  three  brick  of  each  lot  were  available  for  these 
tests,  a  number  insufficient  to  permit  the  determination  of  the  mean 
strengths  with  the  proper  degree  of  accuracy.  The  proposed  spedfica- 
tions^^^  of  the  American  Society  for  Testing  Materials  direct  that  at  least 
five  specimens  shall  be  used  in  transverse  and  compression  tests  upon 
building  brick,  and  the  same  requirement  should  undoubtedly  apply  to 
the  testing  of  refractory  brick. 

The  results  obtained  are  shown  in  Tables  16, 17,  and  18. 

'«  Proceedings  of  the  American  Society  for  Testing  MateriaU,  vol.  13,  p.  284  (1913). 
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Table  16. — Sample  Log  and  Data  Sheet 
CrosS'Breaking  and  Crushing  Testa 


Groae-Breaking  Span,  6  In. 


Crushing:  Half  Briek  Crushed  Hat 


Mark 

Breadth 

of 

Biiok. 

In. 

Depth 

of 

Briek, 

In. 

W 

B 

Mean 
B 

Crushime  Area,B<|uare 

W 

C 

M^ 

1 

2 

Mean 

m  III 

2.48 
2.46 
2.52 

2.66 
2.66 

2.68 

4.45 
4.45 
4.43 

4.73 
4.71 
4.71 

4.970 
4,820 
5.260 

7,010 
7,450 

910 
890 
960 

1.060 

1,140 

960 

920 
1.050 

19.80 
19.54 
16.46 

21.75 
21.18 
20.26 

17.58 
17.97 
16.16 

21.83 
20.24 
20.00 

18.69 
18.75 
16.31 

21.54 
20.71 
20.13 

51,900 
45,600 
46,100 

101,000 

120,500 

77,000 

2,780 
2,430 
2,830 

4.690 
5,820 
3.830 

2.680 
4,780 

W  ■•  load  oausing  failure  in  pounds. 

B  «  modulus  of  rupture,  pounds  per  square  inch. 

C  «  oompressiTe  strength,  pounds  per  square  inch. 


First  bum 


Table  17.— Collected  Data 
Cross-Breaking  and  Crushing  Tests 

Briok  Tested  Edgewise  6-in.  Span 


Grind 

Burned 
Cone 

Gross- 
Bwahing. 
Load  in 

Pounds 

Modulus  of  Rupture 

""iS^tSS^F^' 

Mark 

Modulus' 

Pounds 

per 

Mean 

^Dr3? 

tion.  Per 

Cent,  of 

Mean 

Crushing 

Strength, 

Pounds  per 

"ST 

Mean 

Average 
Devia- 
tion, Per 
Cent,  of 
Mean 

83-A-l 
279-A-l 
289-A-l 

135-B-l 
228-B-l 
827-B-l 

69-C-l 
102-C-l 
15d-C-l 

Regular 
Regular 
Regular 

Regular 
Regular 
Regular 

Regular 
Regular 
Regular 
Medium 
Medium 
Medium 

Medium 
Medium 
Medium 

Medium 
Medium 
Medium 

15 
15 
15 

13 
13 
13 

14 
14 
14 

4.970 
4.820 
5,260 

3.240 
3,630 
4,280 

4,010 
4,140 
4.520 

910 
890 
960 

600 
670 
800 

780 
750 

820^ 

1.060 

1.140 

960 

800 

690 

1.230 

830 

860 

1,070 

920 
690 
770 

3 

10 

5 

2.780 
2.430 
2,830 

2,680 
2.390 
3,120 

2.210 
2.050 
2.040 

2,680 
2,730 
2,100 

6.4 
8.5 
3.3 

585-A-l 
601-A-l 
715-A-l 

443-B-l 
44y-B-l 
476-B-l 

679-C-l 
680-C-l 
744-C-l 

16 
15 
15 

18 
13 
13 

14 
14 
14 

7.010 
7,450 
6,320 

4,990 
4,310 
7,760 

6.430 
6.610 
7.050 

1,050 
910 
920 

6 
24 
11 

4.690 
6,820 
3,830 

5,430 
3.890 
4.710 

4.340 
4.930 
5.180 

4,780 
4,680 
4.820 

14.0 
11.0 
6.7 

1.148-A-l 
1.149-A-l 
1,151-A-l 

907-B-l 
998-B-l 
909-B-l 

864-C-l 

984-C-l 

1.0a2-G-l 

Fine 
Fine 
Fine 

Fine 
Fine 
Fine 

Fine 
Fine 
Fine 

15 
15 

15 

13 
13 
13 

14 
14 
14 

5.790 
9.450 
6,770 

5.360 
6.180 
6.560 

3,270 
2.840 
9.010 

930 
1.500 
1,070 

860 
990 
890 

620 

450 

1.410 

1.170 
910 
790 

19 

6 

52 

7.270 
4.360 
6.010 

6.300 
5.280 
5,940 

5,180 
5,040 
5,520 

5,880 
5,840 
5.250 

17.0 
6.8 
3.4 
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Table  17.— Collected  Data.— Continued 


Second  bum 


Burned 
Gone 

Croee- 
freaking. 

Pounds 

Modulue  of  Rupture 

^'SSSfl^ 

Amap 

Dem- 
tioB,?* 

i    Mesi 

Mark 

Grind 

Modulus. 
Pounds 

Sguare 
Ineh 

Mean 

Mean 

Pounds  per 
Square 
Inoh 

2.230 
2.780 
2.990 
2.760 

2.770 
2.640 
2.970 

2.600 
2.490 
2360 

Mean 

276-A-2 
288-A-2 
29a-A-2 
293'A-2 

18»-B-2 
218-B-2 
830-B-2 

10-O-2 

14-02 

110-0-2 

Regular 
Regular 
Regular 
Regular 

Regular 
Regular 
Regular 

Regular 
Regular 
Regular 

15-16 
16-15 
15-15 
15-15 

15-13 
13-13 
13-13 

14-14 
14-14 
14-14 

6.820 
6,100 
8.480 
5,140 

5.620 
4.730 
6,070 

5.420 
4.730 
4.950 

1.080 
980 
620 
940 

1.040 

860 

1.120 

980 
880 
920 

010 

1,010 

020 

15 

10 

3 

2.680 
2.760 

1 

1 

8.6 

5.4 

4.6 

567-A-2 
099-A-2 
628-A-2 

467-B-2 
472-B-2 
679-B-2 

572-0-2 
66S-C-2 
099-C-2 

Medium 
Medium 
Medium 

Medium 
Medium 
Medium 

Medium 
Medium 
Medium 

16-15 
16-15 
15-16 

13-13 
13-13 
13-18 

14-14 
14-14 
14-14 

10,440 
10,730 
11,800 

0.350 
10.300 
5.360 

10.340 
10.620 
12.150 

1.600 
1,630 
1.810 

1.460 

1.630 

840 

1.570 
1.620 
1.860 

1,680 
1,310 
1.680 

6 
24 

7 

6.780 
7.010 
5.290 

7.080 
5.200 
6.600 

6.600 
5.130 
5.970 

6.080 
6.270 
5.570 

11.0 
11.0 

6.a 

824-A-2 
848-A-2 
850-A-2 
970-A-2 

9dl-B-2 
l.OlO-B-2 
l,042-B-2 

80&-C-2 

83^-0-2 

1,01^-02 

Fine 
Fine 
Fine 
Fine 

Fine 
Fine 
Fine 

Fine 
Fine 
Fine 

15-15 
15-15 
15-15 
15-15 

13-13 
13-13 
13-13 

14-14 
14-14 
14-14 

4,440 
4,830 
12.450 
10.550 

5,420 
6.770 
7.820 

13.650 
8,050 
8,780 

680 

770 

1.950 

1.670 

860 
1.080 
1.280 

2.160 
1.260 
1,360 

1.270 
1,070 
1.590 

43 
18 
24 

7,870 
7.860 
6.700 
6.150 

6.610 
7.390 
5.870 

8.560 
7,150 
7,780 

6.890 
6.290 
7330 

14.0 
12.0 
6.2 
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Table  17. — Collected  Data. — Cordinwd 


Third  burn 


Croes- 

BreiJdng. 

Load  in 

Pounds 

Modulus  of  Rupture 

^gS^dit^f' 

Mark 

Burned 
Grind           to 
Cone 

1 

1 

Modulus, 
Pounds 

Square 
Inch 

Mean 

Average    Crushing 

Devia-     Strength, 

tion.  Per  Pounds  Per 

Cent,  of      Square 

Mean    i      Inch 

1 

Mean 

Average 
Devia- 
tion. Per 
Cent,  of 
Mean 

3^A-3 

63-A-8 

144-A-8 

249-A-8 

Regular 
Regular 
Regular 
Regular 

16-15-15 
15-16-15 
15-15-16 
15-15-16 

0,260 
4,060 
6.770 
7.830 

1.680 

740 

1.040 

1,840 

1.200 

25 

8.820 
8,000 
2.040 
3,170 

3,110 

4.6 

174-B-« 
202-B-« 
28a-B-« 

Regular 
Regular 
Regular 

13-13-16 
13-13-16 
13-13-16 

7.190 
6,460 
3.800 

1.310 
000 
720 

1.010 

20 

3,000 
2,500 
2,010 

2.830 

5.7 

66-C-« 
153-C-8 
179-C-3 

Regular 
Regular 
Regular 

14-14-16 
14-14-16 
14-14-16 

6.200 
6,380 
5.470 

1.170 

1.160 

000 

1,110 

7 

2,650 
8,400 
2,840 

2,000 

11.0 

427-A-3 
428-A-^ 
439-A-3 
60I-A-3 

Medium 
Medium 
Medium 
Medium 

16-16-16 
16-16-16 
16-16-16 
16-16-16 

4,010 

6.660 

7,840 

11,680 

770 
1.030 
1.230 
1.820 

1.210 

26 

6,570 
6,620 
6,800 
6,220 

6,650 

2.8 

431-B-3 
5d8-B-3 
e22-B-3 

Medium 
Medium 
Medium 

18-13-16 
13-13-16 
13-13-16 

3.040 
10,620 
12.280 

470 
1.610 
1,880 

1.820 

43 

4,860 
6,220 
8,070 

6,880 

17.0 

613-C-3 
672-C-3 
674-C-3 

Medium 
Medium 

14-14-16 
14-14-16 
14-14-16 

8.280 

12,700 

0.770 

1,270 
1,050 
1,610 

1,680 

16 

4,620 
4,620 
5.860 

4.830 

7.0 

1.028-A-3 
l,046-A-3 
1.057-A-3 
1.06&-A-3 

Fine 
Fme 
Fine 
Fine 

16-15-16 
16-16-16 
15-16-16 
15-15-16 

6.780 

6.340 

6.000 

12.130 

010 
1,000 
1,100 
1,080 

1.240 

28 

7.800 
6.020 
8.000 
6.020 

7.060 

0.0 

84^B-8 
882-B-3 
1)06-B-3 

Fine 
Kne 
Fine 

18-13-16 
13-13-16 
13-13-16 

18.000 

10.610 

8.470 

2,180 
1,660 
1,360 

1.730 

17 

8.680 
8.610 
7.010 

8.120 

0.0 

880-C-3 

974-0-3 

1.074-C-3 

Fine 
Fine 
Fine 

14-14-16 
14-14-16 
14^14-16 

6.800 
8.300 
2.700 

1.070 
620 
440 

680 

88 

7,070 
6,240 
5,860 

6.600 

11.0 
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Table  18. — Summary 
Cross-Breaking  and  Crushing  Tests 


Burned 
Cone 

Modulus  of  Rupture.  Briok  Tested 

Cruahing  Strength.  Brick  Laid  Fl«t 

Burn 

Regular 
Grind 

Medium 
Grind 

Fine 
Grind 

Regular 
Grind 

Medium              Fine 
Grind                Grind 

Mean 

a.d.* 

Mean 

a.d. 

Mean 

a.d. 

Meanj  a.d. 

Mean  i  a.d.     Mean  ;  ajd. 

1 

15 
14 
13 

020 
770 
600 

3 

5 

10 

1,050 
020 
010 

6 
11 
24 

1,170 
700 
010 

10 

52 

6 

2.680 
2,100 
2.730 

6 
3 

8 

4.780 
4.820 
4,680 

14 

7 
11 

5.880      17 
5.250        3 
5.840        6 

2 

15-15 
14-14 
ia-13 

010 

020 

1.010 

15 

3 

10 

1.680 
1,680 
1,310 

5 

7 

24 

1,270 
1,500 
1,070 

43 
24 
13 

2,680 
2.680 
2,760 

0 
5 
5 

6,030 
5.570 
6,270 

11 

5 

11 

6.890      14 
7,830  :     6 
6.200      12 

3 

15-15-15 
14-14-15 
13-13-15 

1,200 
1,110 
1,010 

25 

7 

20 

1,210 
1,580 
1,320 

25 
16 
43 

1,240 

680 

1,730 

28 
38 
17 

3,110  !     5 
2,000  !   11 
2,830  1     6 

6,550 
4,830 
6.380 

3 

7 

7.06O        0 
6,600  1   11 
8,120        0 

*  a.d.  represents  the  average  deviation  in  per  cent,  of  mean. 

Discussion  of  Cross-Breaking  and  Crushing  Tests 

Average  Deviation  and  Index  of  Uniformity. — It  is  highly  desirable  not 
only  that  the  brick  should  be  mechanically  strong,  but  also  that  different 
specimens  of  the  same  lot  should  be  of  uniform  strength.  For  this 
reason,  in  Table  19,  obviously  the  lot  of  brick  of  "regular  grind,  mark 
C^3,"  is  a  more  satisfactory  material,  so  far  as  cross-breaking  is  concerned, 
than  the  ''fine  grind,  mark  A-2,"  notwithstanding  the  fact  that  the  mean 
modulus  of  rupture  of  the  former  is  1,110  lb.  per  square  inch,  of  the  latter, 
1,270  lb.  per  square  inch.  Since,  plainly,  mean  values  in  themselves 
are  insufficient  as  a  basis  of  comparison  for  the  strength  of  such  brick, 
the  ''average  deviation''  of  the  single  observations  from  the  mean  (as 
developed  in  the  principles  of  precision  of  measurements)  has  been 
calculated  as  a  measure  of  uniformity,  of  the  different  specimens,  for 
each  lot  of  brick  tested.^ ^ 

The  deviation  of  single  observations  from  the  mean  is  due  to  two 
factors:  (1)  lack  of  precision  of  the  measurements;  and  (2)  lack  of 
uniformity  of  different  specimens  of  the  material.  In  the  series  of 
tests  herein  described,  variations  due  to  the  former  factor  amount  to 
less  than  2  per  cent,  and  are  practically  neghgible  as  compared  with 
variations  due  to  the  latter.  For  this  reason,  the  "average 
deviation"  can  be  considered  a  true  measure  of  uniformity,  A 
very  low   "average  deviation'*  is  an  indication  of  a  high  degree  of 

^^  Similarly,  '^average  deviations'^are  given  by  the  Mechanical  Engineering  Depart- 
ment of  the  Massachusetts  Institute  of  Technology,  in  reporting  results  obtained  in 
testing  the  strength  of  timber. 


Digitized  by 


Google 


J.   SPOTTS  MODOWBLL 


2033 


concordance  in  the  values  found  for  different  specimens  of  the  same 
material;  a  high  '^ average  deviation"  indicates  a  lack  of  concordance. 

The  method  of  derivation  of   the    "average   deviation"   for  two 
8i>ecific  cases  is  shown  in  Table  19. 

Table  19 


-  " 

Grind 

Mark 

Modulus 
Rupture 

Mean 
Modulus 

Deviation 
from 
Mean 

Average 
Deviation 
or"a.d." 

a.d.  in  Per 

Cent,  of 

Mean 

Fine 

824r-A-2 
848-A-2 

680 

770 

1,960 

1,670 

1,170 

1,160 

990 

1,270 
1,110 

690 
600 
680 
400 

60 

60 

120 

640 
80 

Fine 

Fine 

860-A-2 

43  0 

Fine 

.970-A-2 

Regular 

R^Sular 

66-C-3 
163-C-3 
179-C-3 

7.2 

In  the  graphical  representation  of  the  relative  uniformity  of  different 
lots  of  specimens  (Fig.  14)  use  has  been  made  of  an  "index  of  uniformity," 

CROSS -BREAKING     OR 
TRANSVERSE    TESTS 
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Effect  of  repeated  burning  on  compress* 
ire  strength.  Yaloes  shown  are  average 
crashing  strengths  of  bricks  bamed  the 
indicated  number  of  times. 


Number  of  Bums 


Effect  of  repeated  barnlng  on  aniformlty 
Of  compresstTO  strength.  Values  shown 
are  mean  "indices  of  aniformlty." 


FiQ.  14. 


calculated  from  the  average  deviation  (a.d.)  thusj  "Index  of  uniformity" 
=  100  —  (a.d.  in  per  cent,  of  mean). '  In  the  above  table,  the  "index 
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of  uniformity"  for  modulus  of  rupture  is  57  on  this  scale  for  the  first  lot, 
92.8  for  the  second. 

Effective  Ultimate  Strength. — In  comparing  the  strength  of  different 
lots  of  brick,  their  relative  uniformity  must  be  considered.  As  shown 
above,  the  mean  ultimate  strength  is  not  a  satisfactory  basis  for  com- 
parison. Since  the  ''average  deviation"  is  a  measure  of  uniformity, 
it  seems  logical  to  consider  the  value  obtained  by  subtracting  the  average 
deviation  from  the  mean  strength,  as  a  more  practical  comparative 
standard.  This  value  may  be  called  the  ''effective  ultimate  strength;" 
and  to  this,  rather  than  to  the  mean,  the  factor  of  safety  should  be 


CRUSHING     TEST 


TRANSVERSE    TEST 
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Fig.  16. 
applied  in  calculating  a  safe  working  load  for  materials  of  which  the 
load-carrying  capacity  is  an  important  consideration.    The  effect  of 
repeated  burning  upon  the  "effective  ultimate  strength,"  as  so  defined, 
is  shown  in  Fig.  15. 

Effect  of  Variation  in  'Method  of  Manufacture. — ^The  effects  of  the 
vaiiables  considered  upon  the  strength  of  the  test  brick  are  represented 
graphically  in  Figs.  14  and  15. 

The  mean  modulus  of  rupture  of  medium-grind  brick  is  greatest;  of 
regular-grind,  least.  The  burning  temperatures  which  produce  the 
strongest  brick  in  cross-breaking  are  as  follows: 

First  Born  Second  Burn 

Regular-grind Gone  15  Gone  15 

Medium-grind Gone  15  Gone  14  and  15 

Fine-grind Gone  15  Gone  14 

Bricks  of  regular  grind  increase  in  cross-breaking  strength  after  each 
burning;  after  the  first  bum,  specimens  burned  at  cone  15  are  consider- 
ably stronger  than  those  burned  at  cone  13  or  14,  after  the  second  bum 
this  is  no  longer  true.  Modulus  of  rupture  of  medium-  and  fine-grind 
brick,  in  most  cases,  reaches  a  maximum  on  the  second  bum. 

Crushing  strength  of  regular-,  medium-  and  fine-grind  brick  are  to  each 
other  approximately  as  41 :  84 :  100.     There  is  an  increase  in  strength  after 
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each  bum;  a  slight  increase  for  regular  grind,  a  considerable  increase  for 
medium  and  fine  grinds. 

Uniformity  of  strength  of  a  given  lot  of  brick  diminishes  with  repeated 
burning;  sUghtly  in  compression,  considerably  in  cross-breaking.  The 
most  uniform  brick  are  those  of  regular  grind;  fine-grind  brick  are  fairly 
uniform  in  crushing,  very  non-uniform  in  cross-breaking  strength. 

The  figures  indicate  that  the  medium-grind  brick  is  the  most  satis- 
factory in  point  of  strength,  the  regular-grind  least  so.  While  the  com- 
pressive strength  of  the  medium-grind  is  somewhat  lower  than  that  of 
the  fine-grind,  its  cross-breaking  strength  is  greater  and  it  is  a  much 
more  uniform  material.  In  cross-breaking,  the  fine-grind  shows  little  if 
any  advantage  over  the  regular-grind,  for  while  its  mean  strength  is 
high,  it  lacks  uniformity;  in  compression,  it  is  far  stronger  than  the 
regular-grind. 

There  is,  in  all  cases,  an  advantage  in  burning  the  brick  a  second 
time;  for  the  medium  and  fine  grinds,  a  third  bum  is  usually  harmful,  de- 
creasing the  cross-breaking  strength  considerably,  and  increasing  the  com- 
pressive strength  very  slightly.  Brick  of  regular  grind  increase  in 
strength  on  each  bum  up  to  the  third,  slightly  in  compression,  consider- 
ably in  cross-breaking. 

The  alternate  expansions  and  contractions  incurred  in  repeated  burn- 
ing may  tend  to  cause  the  formation  of  minute  cracks  in  the  brick  and 
to  have  an  imfavorable  effect  upon  their  strength.  For  that  reason  it  is 
probable  that  stronger  brick  would  be  produced  by  maintaining  the 
maximum  temperature  a  greater  length  of  time  during  a  single  bmrn  than 
by  resorting  to  repeated  burning. 

Microscopic  Study  of  Cokstitution  of  Brick  ^* 
Method  in  General 

Quantitative  determinations  of  the  proportions  of  quartz,  tridymite 
and  cristobaHte  in  specimens  of  the  various  lots  of  brick  were  made  by 
the  Rosiwal  micrometric  method.'^'  The  measurements  were  all  made 
upon  powdered  material,  the  minerals  being  identified  through  com- 
parison of  indices  of  refraction  by  immersion  in  Uquids  of  definite  indices. 
The  Zeiss  mechanical  stage,  and  a  lens  system  giving  a  magnification 
of  about  390  diameters,  were  used. 

'*  The  microscopic  work  was  performed  under  the  direction  of  Dr.  C.  H.  Warren, 
without  whose  instruction  and  assistance  the  writer  would  not  have  ventured  to 
undertake  a  study  of  this  character.       ^ 

^*  A.  Johannsen :  Manual  ofPetrographic  Methods,  p.  291 .  McGraw-Hill,  New  York, 
1914.  Lincoln  and  Rietz:  Determination  of  the  Relative  Volumes  of  the  Com- 
ponents of  Rocks  by  Mensuration  Methods,  Economic  Geology,  vol.  8,  pp.  120-139 
(1913). 
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The  indices  of  refraction  of  quartz  are  1.544  to  1.533;  cristobalite, 
1.484  to  1.487;  tridymite,  1.469  to  1.473;'*  calcium  silicates,  higher  than 
those  of  quartz.'*  Separate  portions  of  each  powder  were  studied  in  two 
liquids  whose  indices  of  refraction  were  respectively  1.495  and  1.479. 
The  higher-refracting  quartz  and  compounds  not  identified  were  dis- 
tinguished in  the  former  liquid  from  the  lower-refracting  cristobalite  and 
tridymite.  A  large  part  of  the  higher-refracting  material  had  the  re- 
fractive index  and  general  properties  of  quartz. 

The  proportion  of  tridymite  was  determined  by  immersion  of  the 
powder  in  a  liquid  with  refractive  index  of  1.479,  which  is  between  those 
of  tridymite  and  cristobalite,  but  extremely  close  to  them.  On  account 
of  the  latter  iact,  variations  in  room  temperature  caused  some  difficulty, 
since  the  index  of  the  liquid  was  diminished  0.0005  to  0.0006  for  each 
degree  temperature  rise.  All  material  with  an  index  lower  than  1.479 
was  reported  as  tridymite,  and  the  amount  of  cristobalite  obtained  by 
difference. 

Sampling 

A  sample  of  about  300  grams  from  each  lot  of  test  specimens  (100 
grams  from  each  brick  of  the  lot)  was  crushed  in  a  small  Blake  crusher 
and  a  disk  grinder,  to  pieces  approximately  }{^  in.  in  diameter.  After 
cutting  down  to  ±  20  grams  with  a  split  shovel,  the  sample  was  reground 
until  all  passed  through  a  140-mesh  sieve.  For  the  microscopic  study, 
that  fraction  was  reserved  (about  5  per  cent,  of  the  whole)  which  passed 
through  a  240-mesh  and  was  caught  on  a  260-mesh  sieve.  The  size  of 
these  grains  as  determined  microscopically  varied  from  0.05  to  0.06  mm. 
in  diameter. 

Identification 

The  principal  optical  property  used  in  identifying  the  minerals  was 
the  index  of  refraction,  by  means  of  the  Becke  effect.  The  single  grains 
were  commonly  made  up  of  two,  sometimes  all  three  minerals,  and  the 
correct  positions  of  the  boundaries  between  tridymite  and  cristobalite 
could  be  told  only  by  crossing  the  nicols  and  rotating  the  stage. 

The  more  highly  refracting  material  (chiefly  quartz  in  the  first  bums) 
was  easily  recognized  by  its  high  relief  in  the  liquid  used,  and  by  well- 
defined  Becke  lines.  Tridymite  was  distinguished  by  its  low  index,  low 
double  refraction,  and  by  the  lath-shaped  and  wedge-shaped  outlines  of 
its  crystals.  Identification  was  confirmed  by  the  facts  that  the  lath- 
shaped  section^  had  parallel  extinction  and  negative  elongation,  and  that 

7*  See  Table  2. 

'*  Rankin  and  Wright:  The  Ternary  System  CaO-AliOr-SiOt,  American  Journal 
of  Science,  ser.  4,  vol.  39,  p.  74  (1915). 
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the  index  of  refraction  of  the  faster  ray,  as  determined  by  the  immersion 
method  in  sodium  light,  was  1.469.^* 

The  low  relief,  the  index  of  refraction,  and  the  extremely  low  double 
refraction,  which  could  usually  be  detected  only  with  the  aid  of  the  sen- 
sitive tint  plate,  served  to  identify  cristobalite.  In  the  liquid  with  index 
1.479,  the  Becke  lines  were  faint,  but  their  directions  of  motion  could  be 


Quartz   shown   in   black;    cristobalite   dotted 

Fig.  16. — Skstches  op  Grains  of  Powdsbbd  Bbick.    From  Brick  op  Regular 
Grind,  Bxtrnbd  Once  at  Cone  14.     X  218  Apfroximatblt. 

detected  upon  close  observation  so  long  as  the  room  temperature  was 
kept  at  the  proper  point. 

The  lack  of  homogeneity  of  the  grains  led  to  the  introduction  of 
certain  unavoidable  quantitative  errors.  Quartz  could,  as  a  rule,  be 
recognized  even  on  the  interior  of  the  grains  by  the  clearness  of  the  Becke 
lines  and  the  high  relief;  yet  numerous  small  particles  of  residual  quartz 


Quartz   shown    in   black;    cristobalite    dotted 
tridyraite    cross-hatched 

Fig.  17. — Sketches  of  Grains  of  Powdered  Brick.    From  Brick  of  Regular 
Grind,  Burned  Four  Times  at  Cone  14-14-16-14.     X  218  Approximately. 

were  often  so  mingled  with  the  cristobaUte  that  an  accurate  quantitative 
separation  of  the  two  was  impossible.  The  double  refraction  of  tridy- 
mite  was  the  only  means  of  determining  with  exactness  the  boundaries 
between  tridymite  and  cristobalite,  but  in  sections  of  certain  orientation 
could  not  be  used.  The  presence  of  numerous  microscopic  cracks  caused 
anomalous  effects,  and  in  many  cases  interfered  with  the  Becke  tests. 
The  texture  of  representative  grains  is  shown  in  Figs.  16  and  17. 

Precision 

A  coarser  powder  than  that  used  was  found  to  give  less  accurate 
results.    The  very  fine  portion,  which  went  through  the  260-mesh  sieve. 


^*  See  C.  N.  Fenner:  Stability  Relations  of  the  Silica  Minerals,  American  Journal 
of  Science^  ser.  4,  vol.  36,  p.  361  (1913). 
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was  exceedingly  dij£cult  to  study.  Since  the  latter  fraction  comprised 
about  85  per  cent,  of  the  original  powder,  it  is  evident  that  any  great 
variation  in  its  composition  from  that  of  the  study  sample  will  very 
seriously  affect  the  results.  For  that  reason,  check  determinations  were 
made  in  a  few  cases  of  the  amoimt  of  quartz  in  both  the  fraction  which 
had  passed  through  the  260-mesh  sieve,  and  that  which  had  been  caught 
upon  it.  Results  so  obtained  averaged  2  per  cent,  lower  in  the  former 
case  than  in  the  latter,  a  difference  which  lies  within  the  error  of 
observation. 

Errors  introduced  into  the  tridymite  determinations  by  discarding 
the  very  fine  material  are  probably  serious,  yet  it  was  not  found  possible 
to  obtain  concordant  results  with  this  portion  of  the  powder.  As  shown 
in  Fig.  19,  tridymite  forms  most  rapidly  in  the  fine-grained  groundmass 
of  the  brick,  and  comparatively  slowly  in  the  larger  grains.  A  much 
larger  proportion  of  the  groundmass  than  of  the.  grains  will  undoubtedly 
crush  down  in  the  grinding  so  as  to  pass  through  a  260-mesh  sieve.  For 
that  reason,  the  amount  of  tridymite  in  the  fraction  of  the  powder 
reserved  for  study,  is  probably  considerably  less  than  in  the  brick  itself. 

TABJ.B  20. — Results  of  Microscopic  Study — Tabidated  Data 
Constitution  of  Test  Brick 


\ 

j 

Grind 

Burned 
Cone 

Number 

of 
Burns 

Conrtitution  in  Per  Cent,  bjr  • 
Volume 

Lot                    Mark 

n  >  1.495 

n  <  1.479 

n  >  1.470. 
<1.405 

1 

(+^^tee) 

Tridy- 
mite 

Cristobalite 

"^A-I    1  277,  279 

Regular 

15 

1 

26 

4 

70 

C-1    '  102,  IM 

Regular 

14 

1 

25 

4 

71 

B-1      135 

Regular 

13 

1 

40 

1 

69 

A-1    i  716.  730 

Medium 

16 

1 

24 

6 

70 

A-1    1  1.160,  1,161 

Fine 

16 

1 

26 

4 

70 

C-1   ]  934.  1,062 

Fine 

14 

1 

26 

5 

69 

A-2   1  276.  288.  290,  293 

Regular 

16-16 

2 

19 

A-3    1  39.  63,  144,  249 

Regular 

15-15-16 

8 

16 

19 

65 

0-3     66,  163,  179 

Regular 

14-14-15 

3 

14 

20 

64 

B-3    ,  174,  202,  280 

j 

Regular 

13-13-16 

3 

18 

10 

A-3    ;  427,  428,  439.  601 

Medium 

15-15-16 

3 

13 

17 

70 

A-3     1,028, 1,066, 1,067, 1.046 

Fine 

15-15-16 

s 

13. 

1 
17        , 

70 

CM      12 

Regular 

14-14 
15-14 

4 

12 

80        , 

58 

C-6*  74 

Regular 

14-14-15 
14-15-14 

6 

14         1 

44 

42 

B-6«  326 

Regular   ' 

18-18-16 
14-15-14 

6 

12 

1 

45 

4S 

•  AnalyBis  of  No.  74  and  N< 

).  326  by  V 

.  Dolmage. 
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The  figures  given  as  the  proportions  of  quartz  and  tridymite  in  the 
test  brick  represent  in  each  case  results  of  measurements  taken  on  150  to 
250  grains.  As  a  check  on  the  work,  percentages  were  calculated  for 
each  75  to  80  grains.  The  first  two  results  usually  agreed  within  3  to 
4  per  cent.;  if  not,  an  additional  80  to  100  grains  were  studied.  The 
figures  so  obtained  are  believed  to  be  truly  comparative  as  showing  the 
direction  and  approximately  the  velocity  of  the  transformations  occur- 
ring, notwithstanding  the  constant  errors  due  to  the  difficulties  above- 
mentioned,  and  to  the  personal  equation.  The  latter  errors  are  believed 
to  be  small,  since  results  obtained  on  the  same  powder  by  Mr.  Victor 
Dolmage  (who  kindly  assisted  with  many  of  the  measurements)  and  by 
the  writer,  usually  checked  within  3  per  cent. 

Effect  of  Variotiona  in  Grind  and  Burning  Temperature,  and  of  Repealed 
Burning,  upon  ConstiivUon  of  the  Brick 

The  effect  of  repeated  burning  on  the  constitution  of  brick  of  regular 
grind,  burned  several  times,  is  shown  in  Fig.  18.  The  analyses  of  this 
brick  after  repeated  burnings  are  shown  in  Table  21. 
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Fig.  18. — Effect  of  Bjsfeated  Bxtiining  upon  the  Constitution  of  Silica 
Bbick.  Brick  of  iRBGnLAR  Grind.  Burning  Temperature,  Cone  14-14-16- 
14-15-14. 


Table  21 

Volume,  Per  Cent. 



Mineral 

Number  of  Bums                    ^ 

1 

2          1          3 

4 

6 

0 

Quarts  (+Smcate8) 

Cristobalite 

26 
71 

4 



14 
64 
20 

12 
68 
30 

.    1 

14 
42 

Tridymite 

44 
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It  is  evident  that  in  the  first  burn  the  larger  part  of  the  quartz  is 
transformed  into  cristobalite,  and  that  on  repeated  burning  the  remain- 
*ing  quartz  is  very  slowly  transformed.^^  The  cristobalite  at  first  very 
slowly  and  later  more  rapidly,  inverts  to  tridymite.  These  results  are 
apparently  in  accordance  with  the  conclusions  of  Grum-Grziinailo  and 
Endell,  that  silica  brick  heated  a  sufficient  length  of  time  at  the  proper 
temperature  go  slowly  but  completely  over  into  tridymite. 

Time  and  temperature  of  burning  appear  to  be  the  controlling  factors. 
Bricks  burned  a  single  time  at  cones  14  and  15  show  essentially  the  same 
amount  of  transformation;  those  burned  at  cone  13  show  considerably 
less.    The  effect  of  variations  in  grind  is  comparatively  slight. 

« 

Study  of  Thin  Sections 

Examination  of  thin  sections  cut  from  certain  specimens  of    test 
brick  show  that  the  inversions  proceed  most  rapidly  in  the  groundmass, 
most  slowly  in  the  larger  grains.    This  is  illustrated  in  Fig.    19,   a 
sketch  made  from  thin  section  of  brick  of   fine 
grind,  burned  three  times  at  cone  15.    The  ground- 
mass  and  the  rims  of  the  grains  are  made  up  of 
cristobalite  and  tridymite,  with  a  little  residual 
quartz;  the  interior  of  the  grains  consists  of  cristo- 
balite and  quartz,  with  a  very  little  tridymite. 
FiQ.    19 .  — S  K  ■  T  o  H        Photomicrographs  of  the  thin  sections  are  shown 
}foTo/Bwc^?  ISS  i°  Figs.  20  to  23  inclusive.    The  dark  areas  rep- 
Grind,  Bubnbd  Thrbb  resent  principally  cristobaUte,  the  lighter   areas, 
nixs  AT      NB    6.         quartz  and  tridymite.    From  a  comparison  of  the 
first  two  figures  with  the  second  two,  the  increased  amount  of  tridymite 
in  the  later  burns  is  at  once  evident. 

The  Relation  op  the  Constitution  op  Silica  Brick  to  the  Physical 

Properties 

The  Effect  of  the  Addition  of  Lime 

It  has  already  been  shown  that  fineness  of  grind  is  not  the  controlling 
factor  in  the  formation  of  tridymite,  since  that  mineral  evidently  forms 
nearly  as  rapidly  in  the  brick  of  coarse  (or  regular)  grind,  as  in  those  of 
finer  grincls.  A  seeming  contradiction  exists  between  this  fact  and  the 
fact  that  the  inversion  to  tridymite  takes  place  more  rapidly  in  the  fine- 
grained groundmass  of  the  brick  than  in  the  larger  quartzite  fragments 
(see  Fig.  19). 

The  relative  concentrations  of  lime  in  the  groimdmass  of  brick  of 


^  Compare  with  results  obtained  by  Seaver,  shown  in  Table  12. 
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FiQ.  20.  Fig.  21. 

Fig.  20. — Silica  Brick  op  Requlab  Grind,  Burned  once  at  Cone  16  (Whttb- 
hbad).     Crossed  Nicols.     X  120. 
The  white  areas  represent  residual  quartz  grains  of  irregular  size  and  shape,  sur- 
rounded by  a  dark  field  of  cristobalite.    Little,  if  any,  tridymite  is  to  be  seen. 
Fig.  21.--S1LICA  Brick  op  Fine  Grind,  Burned  once  at  Cone  16  (Whitehead)  • 

Crossed  Nicols.     X  120. 
The  figure  shows  residual  quartz  grains  surrounded  by  cristobalite.    There  are 
a  few  narrow,  elongated  white  areas  in  the  field,  which  may  represent  tridymite.  , 


Fig.  22.  Fig.  23. 

Fig.  22. — Silica  Brick  of  Regular  Grind,  Bxtrned  Three  Times  at  Cone  16 
(Whitehead)  .    Crossed  Nicols.     X  120. 
Tridymite  and  residual  quartz  are  shown  by  the  white  areas;  cristobalite  by  the 
dark  areas. 

Fig.  23. — Silica  Brick  of'' Regular  Grind,  Burned  Three  Times  at  Cone  16 
(Whitehbad).  Crossed  Nicols.  X  120. 
The  larger  white  areas  indicate  places  in  which  the  conversion  to  tridymite  b 
nearly  complete.  The  smaller  white  areas  in  the  darker  portion  of  the  field  represent 
residual  quartz  and  tridymite,  surrounded  by  cristobahte  (shown  in  black).  Figs. 
22  and  23  are  taken  from  different  parts  of  the  same  thin  section. 
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various  grinds  probably  has  some  bearing  in  this  connection.  It  will 
be  recalled  that  in  the  manufacture  of  the  brick,  2  per  cent,  of  lime  is 
added  to  ground  quartzite  containing  about  2  per  cent,  of  impurities 
(mainly  AUOt  and  FeaOs).  Since  all  of  this  enters  the  groundmass, 
the  proportion  of  lime  therein  is  much  higher  than  2  per  cent. 

The  greatest  concentration  of  lime  in  the  groimdmass  will  occur  in 
that  brick  with  the  least  proportion  of  fines  (i.6.,  the  regular  grind)  in 
which,  therefore,  conditions  will  be  most  favorable  for  the  formation 
of  flux  compounds  during  the  burning.  The  catalytic  action  of  the  flux 
<sompounds  probably  explains  the  observed  inversion  of  cristobalite  to 
tridymite,  which  as  Fenner  has  shown,  does  not  form  except  in  the 
prince  of  a  flux.  According  to  this  point  of  view,  an  increase  in  the 
amount  of  lime  in  the  brick  should  accelerate  the  formation  of  tridymite. 


Specific  Volumes  of  tiie  Silica  Minerals 

As  an  aid  in  interpreting  the  results  of  the  microscopic  study,  use  has 
been  made  of  the  specific  volume  curves  of  Fig.  24,  based  upon  the 
following  data: 


200O 


"Wo      wo^o      io?5      looo^o      iaoo^i     i4oo°a     moSd  ^ 


Temyeratais 

Fia.  24. — Spxoific  Voluubs  of  thi  Silica  Minsbals  and  Quarts  Glass. 


The  quartz  curve  is  a  reproduction  of  that  shown  in  Fig.  4,  taken  from 
the  work  of  Day,  Sosman  and  Hostetter. 

The  specific  volumes  at  20^  of  quartz  glass,  tridymite  and  cristobalite 
were  calculated  from  their  specific  gravities,  using  the  values  shown 
below  :^* 

Specific  Gravity 

Quarts  glass 2.210  (Dana,   Endell) 

Tridymite. 2.270  (Fenner) 

Cristobalite 2.333  (Fenner) 

'•  See  Table  3. 
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The  quartz-glass  curve  was  obtained  by  computing  the  volume  expan- 
sion from  the  linear  expansion^'  as  given  by  LeChatelier,  and  applying 
these  figures  to  the  specific  volume  at  20^. 

The  curve  for  cristobalite  is  based  upon  the  work  of  Rieke  and 
Endell,  and  of  LeChatelier.  Both  show  that  the  expansion  of  cristobalite 
from  0*"  to  230**  is  slight,  and  that  the  volume  changes  at  230**  *to  270*^ 
is  considerable,*^  due  to  the  a  to  /3  cristobalite  inversion.  Rieke  and 
Endell  find  that  the  specific  volume  and  coefficient  of  expansion  of  cristo- 
balite above  300^  are  nearly  the  same  as  those  of  quartz  glass;  the  specific 
volumes,  as  computed  from  the  expansion  data  of  LeChatelier^*  are  con- 
siderably lower  than  those  of  quartz  glass.  The  view  of  Rieke  and  Endell 
is  taken  in  plotting  the  cristobalite  curve  of  Fig.  24. 

The  tridymite  ciLrve  was  calculated  from  the  thermal  expansion  as 
given  by  LeChatelier  (Fig.  3).  The  specific  volume  of  tridymite  from 
500^  to  lyOOO^  is  seemingly  a  little  greater  than  that  of  quartz  glass. 
While  this  is  probably  incorrect^  the  difference  between  the  specific 
volumes  of  the  two  materials  is  doubtless  small. 

The  curves  of  Fig.  24  have  been  used  hereinafter  in  discussing  the 
probable  effect  of  the  changes  in  constitution  upon  certain  properties  of 
silica  brick.  It  is  believed  that  the  inaccuracies  of  these  curves  are 
merely  slight  errors  of  degree;  and  that;  while  conclusions  drawn  from 
them  can  not  be  numerically  exact,  they  will  serve  to  indicate  the 
general  trend  of  the  changes  considered. 


The  Phenomena  of  Expansion 

Permanent  Expansion,  Temporary  or  Thermal  Expansion,  and  the  Effect 
of  Rapid  Temperature  Changes. — The  permanent  expansion  of  silica  brick 
after  the  first  burning  (in  which  ±  5  per  cent,  of  tridymite  and  ±  70  per 
cent,  of  cristobalite  are  formed)  amoimts  to  10  to  11  per  cent,  by  volume. 
The  gradual  decrease  of  quartz  and  increase  of  tridymite  caused  by  re- 
peated burning,  theoretically  requires  a  slight  additional  expansion 
after  each  bum  imtil  equilibrium  is  reached,  since  the  complete  trans- 
formation of  quartz  to  cristobalite  is  accompanied  by  a  volume  increase 
of  13.6  per  cent.;  quartz  to  tridymite,  16.8  per  cent. 

At  1,250®  C.  the  specific  volumes  of  cristobalite  and  tridymite  are 
approximately  14  to  15  per  cent,  greater  than  that  of  quartz.  Since  the 
residual  quartz  of  silica  brick  gradually  goes  over  into  the  other  forms 
of  silica  at  furnace  temperatures,  an  imderburned  brick  will  expand  con- 
siderably after  being  placed  in  use. 

'•Fig.8. 

**  Fig.  3;  also  Fig.  5. 
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Tiidymite  expands  upon  heating  much  less  than  does  cristobalite. 
Its  specific  volume  at  20°  is  2.8  per  cent,  greater  than  that  of  cristobalite; 
at  1,000°,  nearly  the  same  as  that  of  cristobalite.  The  gradual  trans- 
formation of  cristobalite  into  tridymite,  shown  to  occur  upon  repeated 
burning  of  silica  brick,  probably  takes  place  also  in  furnace  linings.  This 
inversion  is  accompanied  by  little,  if  any,  change  in  volume  at  furnace 
temperature. 

From  the  data  of  Fig.  24,  specific  volumes  at  different  temperatures 
were  computed  for  two  materials  assumed  to  consist  of  mixtures  of  quartz, 
tridymite,  and  Cristobalite;  expansion  curves  derived  from  these  figures 
are  shown  in  curves  I  and  II,  Fig.  25.  Curve  I  is  based  upon  an  assumed 
composition  of  25  per  cent,  quartz,  70  per  cent,  cristobalite,  5  per  cent, 
tridymite;  curve  II  on  one  of  12  per  cent,  quartz,  43  per  cent,  cristobalite, 


200°  400°  eOO**  800° 

Temperatare  in  Degrees  Centigrade 

Fia.  26. — Thbobbtical  Expansion  Cxtrvxs  for  Mixtu^bs  of  thb  Silica  Minerals. 
Composition  of  Curve  I  corresponds  closely  to  brick  of  regular  grind  humed  once 
at  cone  14. 

Composition  of  Curve  II  corresponds  closely  to  brick  of  regular  grind  humed  six 
times  at  cone  14:-14:-15-14:-l&-i4. 


42  per  cent,  tridymite.  These  figures  represent  approximately  the 
compositions  of  brick  of  regular  grind,  after  one  and  after  six  burn- 
ings respectively.  Curve  III  is  taken  from  the  expansion  data  of 
LeChatelier." 

Fig.  25  is  intended  merely  to  indicate  the  probable  character  of  the 
expansion  curve  of  silica  brick,  and  of  the  effect  upon  the  same  of  the 
observed  changes  in  constitution.  Obviously,  the  theoretical  curves 
shown  will  not  correspond  precisely  with  those  that  would  be  obtained 
by  actual  measurements,  being  affected  by  inaccuracies  in  the  data  from 
which  they  were  computed,  and,  in  addition,  modified  by  changes  in 


Fig.  3. 
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porosity  of  the  brick,  the  action  of  flux  compounds,  and  the  lag  in  expan- 
sion due  to  the  temperature  gradient  between  the  exterior  and  interior 
of  the  brick. 

These  curves  indicate  that  the  temporary  or  thermal  expansion  of 
silica  brick  is  decreased  by  repeated  biu'ning,  and  that  an  all-tridymite 
brick  wouTd  have  an  expansion  amounting  to  about  60  per  cent,  of  that 
of  an  ordinary  commercial  brick,  as  represented  in  Curve  I. 

It  is  well  known  that  silica  brick  crack  or  spall  badly  if  subjected 
to  rapid  temperature  changes.  The  phenomenon  is  probably  due  chiefly 
to  the  rapid  expansion  at  230**  to  270**,  accompanying  the  a  to  j3  cristobalite 
inversion.  This  effect  is  diminished  by  repeated  burning.  The  calcu- 
lated volume  increase  at  230**  to  270**  amounts  to  3.6  per  cent,  for  brick 
burned  once,  2.0  per  cent,  for  brick  burned  six  times.  An  all-tridymite 
brick  should  show  very  httle  tendency  to  crack  upon  rapid  heating  or 
cooling,  since  the  only  sharp  break  in  the  tridymite  expansion  curve, 
occurring  at  130**,  is  attended  by  a  volume  increase  of  but  0.3  per 
cent. 

For  several  reasons,  therefore,  a  large  proportiou  of  tridymite  in 
silica  brick  is  desirable,  provided  the  brick  are  not  to  be  heated  continu- 
ously above  1,470**  C. 

1.  Tridymite  has  the  least  thermal  or  temporary  expansion  of  the 
three  silica  minerals. 

2.  Tridymite  has  the  greatest  specific  volume  of  the  three  minerals, 
and  can  not  show  any  permanent  expansion  after  repeated  burning  below 
its  melting  point. 

3.  A  tridymite  brick  could  probably  be  subjected  to  fairly  rapid 
changes  of  temperature  with  little  danger  of  cracking. 

Comparison  of  curves  I  and  II  seems  to  show  that,  while  repeated 
burning  produces  very  desirable  effects,  the  advantages  derived  up  to  the 
sixth  burn  are  entirely  disproportional  to  the  additional  expense  involved, 
on  accoimt  of  the  extreme  slowness  with  which  tridymite  is  formed. 
Moreover,  if  used  continuously  at  a  temperature  exceeding  1,470**,  a 
tridymite  brick  would  slowly  revert  to  cristobalite. 

Since  the  time  element  appears  to  be  the  most  important  factor  in 
the  formation  of  tridymite,  it  appears  that  long-continued  burning  at  the 
proper  temperatures  should  be  more  satisfactory  than  repeated  burning. 
The  maximum  temperature  is  maintained  40  hr.^'  in  the  burning  of 
silica  brick;  maintaining  this  temperature  for  2^  weeks  should  pre- 
sumably give  rise  to  the  same  changes  in  constitution  as  10  separate 
burnings  under  the  ordinary  conditions  of  manufacture,  and  produce 
brick  consisting  almost  wholly  of  tridymite  (see  Fig.  16). 

"  K  Seaver  rOp.  cU.,  p.  136. 
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Burning  Temperature 

In  order  to  make  a  brick  containing  the  maximum  proportion  of  tridy- 
mite,  the  burning  temperature  should  be  that  at  which  the  inversion  to 
that  mineral  proceeds  most  rapidly.  It  appears  that  this  must  occur  below 
l,470^y  since  tridymite  is  not  known  to  form  imder  any  conditions  above 
that  point.  While  the  inversion  proceeds  more  rapidly  at  cones  J4  and  15 
than  at  cone  13,  no  conclusions  can  be  drawn  from  the  data  herein  given 
as  to  the  most  favorable  temperature  for  burnins. 

Suggestions  fob  Future  Study 

It  seems  desirable  that  the  theoretical  advantages  of  a  high-tridymite 
brick  should  be  investigated  by  comparing  the  thermal  expansion  of  an 
ordinary  conunercial  brick  with  that  of  a  brick  high  in  tridymite.  The 
effect  of  rapid  temperature  changes  might  be  compared  by  means  of 
spalling  tests. 

If  it  should  be  proven  that  the  production  of  a  tridymite  brick  would 
be  advantageous,  the  possibility  of  making  such  a  brick  on  a  commercial 
basis  for  certain  purposes  might  well  be  considered.  A  small  furnace,  in 
which  close  temperature  regulation  is  possible,  should  preferably  be 
employed;  and  the  results  thereby  obtained,  if  promising,  should  later  be 
tried  out  on  a  larger  scale. 

The  temperature  at  which  the  formation  of  tridymite  proceeds  most 
rapidly  in  silica  brick,  and  the  inversion-velocity  at  that  temperature, 
are  as  yet  undetermined.  The  possibility  of  accelerating  the  inversion 
by  a  slight  increase  in  the  amount  of  lime  used  or  by  the  addition  of  some 
other  catalyzing  material,  is  worth  considering. 

It  is  not  impossible  that  by  long-continued  heating  at  the  proper 
temperature,  with  possibly  a  slight  additional  amount  of  lime,  a  tridy- 
mite brick  might  be  produced  on  a  commercial  basis.  The  results  of 
tests  so  far  made,  however,  indicate  that  this  is  extremely  doubtful. 

SUMMARY 

A  brief  review  is  given  of  the  literature  pertaining  to  the  silica  minerals 
and  the  silica  refractories. 

Microscopic  study  of  the  quartzites  most  important  in  the  American 
refractories  industry  shows  that  they  consist  essentially  of  interlocking 
quartz  crystals  of  random  orientation,  without  a  groundmass  or  cement. 
This  is  not  in  accordance  with  Wernicke's  conclusion  that  no  quartzites 
are  suitable  for  the  manufacture  of  high-grade  refractories  except  those 
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which  consist  of  quartz  grains  in  a  cement  of  amorphous  silica  or 
cryptoerystalline  quartz. 

Physical  tests  and  microscopic  studies  were  made  of  silica  brick  manu- 
factured imder  varying  conditions  of  grind,  and  burned  one  to  four 
times  at  slightly  varying  temperatures.  The  grinds  considered  were 
(1)  "regular,"  or  coarse,  (2)  "shape,"  or  medium,  and  (3)  fine;  the 
burning  temperatures  ranged  from  cone  13  to  cone  16. 

In  all  cases,  a  second  burning  increases  the  strength  of  the  brick;  a 
third  burning  has  a  harmful  effect  upon  the  strength  in  some  cases;  in 
others,  causes  little  change.  Brick  of  shape  grind  are  the  strongest,  those 
of  regular  grind  the  weakest.  With  a  single  burning,  a  temperature  of 
cone  15  produces  a  stronger  material  than  cone  13  or  14.  Uniformity  of 
strength  of  different  specimens  of  a  given  lot  diminishes  upon  repeated 
burning.  The  most  uniform  brick  are  those  of  regular  grind;  the  least 
uniform,  those  of  fine  grind.  Attention  is  called  to  the  insufficiency  of 
average  values  as  a  proper  basis  for  the  comparison  of  strength  of  non- 
uniform materials,  and  for  practical  purposes  the  use  of  certain  derived 
values,  termed  the  "index  of  uniformity"  and  the  "effective  ultimate 
strength"  is  suggested. 

Upon  repeated  burning,  the  quartz,  of  which  the  brick  is  made, 
is  transformed  through  cristobalite  into  tridymite.  By  microscopic 
methods,  estimates  were  made  of  the  degree  of  transformation  in  various 
bricks.  The  figures  obtained,  while  not  numerically  exact,  indicate  the 
general  trend  of  the  changes  considered.  The  powder  studied  from  brick 
burned  a  single  time  tmder  the  ordinary  conditions  of  manufacture  con- 
sists by  volume  of  approximately  25  per  cent,  qudrtz  +  silicates,  70 
per  cent,  cristobalite  and  5  per  cent,  tridymite;  after  a  sixth  bum  the 
composition  is  approximately  12  per  cent,  quartz  +  silicates,  43  per 
cent,  cristobalite,  and  45  per  cent,  tridymite.  The  inversions  proceed 
more  rapidly  in  the  groimdmass  of  the  brick  than  in  the  larger  grains. 

It  is  considered  desirable  that  silica  brick  should  contain  a  large  pro- 
portion of  tridymite  because  (1)  tridymite  has  the  least  thermal  expan- 
sion of  the  silica  minerals;  (2)  it  will  show  no  permanent  expansion  after 
repeated  burning;  (3)  a  tridymite  brick  could  probably  be  subjected  to 
fairly  rapid  changes  of  temperature  with  httle  danger  of  injury. 

The  advantages  in  these  respects  theoretically  derived  up  to  the 
sixth  burn  are  believed  to  be  wholly  disproportional  to  the  additional 
expense  involved. 

SUPPLEMENTARY  DATA 

Spallinq  Tests 

General  Discussion. — It  has  been  shown  in  the  preceding  pages  that 
a  relation  probably  exists  between  the  amoimt  of  cristobalite  in  a  silica 
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brick,  and  its  tendency  to  spaU  upon  rapid  change  of  temperature;  and 
that  since  the  percentage  of  cristobalite  decreases  on  repeated  burning, 
the  spalling  tendency  should  likewise  diminish.  It  was  desired  to  con- 
firm this  conclusion  through  experimental  data. 

In  spalling  tests  as  ordinarily  cond,ucted,  brick  are  alternately  heated 
and  cooled  rapidly  a  definite  number  of  times  between  fixed  temperature 
limits;  they  are  usually  cooled  in  the  air,  but  sometimes  by  plimging  into 
water.  The  loss  of  weight  in  per  cent,  is  taken  as  a  measure  of  the  spall- 
ing. This  method  is  not  altogether  satisfactory,  since  it  does  not  indicate 
the  internal  condition  of  the  brick,  which  may  possibly  weaken  consider- 
ably in  the  test  without  much  spalling,  or  lose  surface  spalls  without 
much  weakening;  and  if  the  hot  test  pieces  are  water-cooled,  the  forma- 
tion of  steam  in  the  pores  may  disrupt  the  brick  and  lead  to  inaccurate 
conclusions. 

For  the  purposes  of  this  study  it  was  decided  to  make  use  of  a  milder 
heat  treatment  than  that  usually  employed;  one  suj£ciently  severe  to 
cause  internal  cracks,  yet  not  severe  enough  to  cause  spalls  to  chip  off. 
For  each  lot  of  brick  studied,  the  cross-breaking  strength  was  determined 
upon  a  certain  number  of  specimens  which  had  been  thus  treated,  and 
also  upon  an  equal  number  which  had  not.  The  loss  in  mean  strength, 
expressed  in  per  cent.,  is  considered  to  represent  the  "comparative 
spalling  tendency." 

SpaUing  Test  in  Detail. — The  test  was  carried  out  as  follows:  The 
brick  to  be  subjected  to  the  heat  treatment  were  placed  in  a  gas-fired 
test  kiln,  16  at  a  time,  and  heated  at  a  uniform  rate  of  15°  C.  per  hour 
(so  as  to  cause  no  irijiu'y  to  the  specimens  during  the  heating)  until  600°  C. 
was  attained.  They  were  kept  at  that  temperature  for  3  hr.  and  at  the 
end  of  that  time  were  withdrawn  and  placed  on  edge  on  inverted  steel 
pallets  about  2  ft.  apart,  in  a  place  protected  from  drafts,  and  allowed 
to  cool  in  the  air  of  the  laboratory.  They  were  not  moved  until  the 
following  day. 

This  treatment  had  the  desired  effect.  No  pieces  spalled  off,  nor 
were  the  brick  visibly  shattered;  yet  when  any  two  brick  were  struck 
together  they  gave  a  dead  ring. 

In  Table  22  are  shown  the  cross-breaking  strengths  before  and  after 
this  heat  treatment,  of  brick  of  regular  grind  burned  a  number  of  times 
varying  from  one  to  six.  The  burning  temperatures  are  those  shown  in 
Table  14. 

In  Table  23,  these  values  are  summarized  and  the  loss  in  strength, 
assumed  to  represent  the  comparative  spalling  tendency,  is  shown. 
Figs.  26  and  27  are  graphic  representations  of  the  data  given  in 
Table  23. 
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Tablb  22. — Cross-Breaking  Tests  Made  to  Detem^ine  SpaUing  Tendency 

Briok  Tested  on  Edse;  Supports  6  In.  Apart;  Load  Applied  at  Midapan 


Crop-Breaking  Strength  of  Brick  Noi           \ 

Cross-Breaking  Strength  of  Briok 
Subjected  to  HeatTreatment 

Bubjeoted  to  Heat  Treatment 

* 

Croes- 

Modulus  of 
Rupture 

Cross- 

Modulus  of 
Rupture 

Kcof 
Bums 

Mark 

Lot 

KMAknnv 

No.  of 
Burns 

Mark 

Lot 

breakinc 
Load  in 

oreanng, 
Load  in 

Modulus. 

Modulus, 

Pounds 

Pounds  per 
Square  Inch 

Mean 

Pounds 

Pounds  per 
Square  Inch 

Mean 

83 

A 

4.970 

910 

268 

A 

1.730 

810 

279 

A 

4.820 

890 

296 

A 

2.480 

443 

280 

A 

6.260 

960 

299 

A 

2.200 

412 

80 

C 

4.010 

780 

848 

66 

C 

2.080 

373 

880 

71 

C 

4.790 

877 

73 

C 

1.000 

341 

102 

C 

4.140 

760  • 

97 

C 

780 

138 

168 

C 

4.620 

820 

166 

C 

2.000 

357 

276 

A 

6,820 

1.080 

18 

A 

3.430 

606 

288 

A 

6.160 

980 

88 

A 

2.360 

421 

290 

A 

3.480 

620 

126 

A 

3.120 

664 

293 

A 

6.140 

940 

240 

A 

2.030 

365 

138 

B 

6.620 

1.040 

196 

B 

2.440 

434 

218 

B 

4,730 

860 

919 

22 

B 

1,600 

288 

444 

830 

B 

6.070 

1,120 

334 

B 

2.360 

420 

*2 

336 

B 

8.260 

^      606 

361 

B 

2,360 

426 

10 

C 

6.420 

980 

96 

C 

2.310 

414 

14 

C 

4.730 

880 

108 

C 

2,300 

410 

88 

C 

6.650 

997 

2 

161 

C 

2.730 

480 

110 

C 

4.950 

920 

318 

C 

2.740 

400 

39 

A 

9.260 

1.680 

70 

"aT 

2,850 

505 

63 

A 

4.060 

740 

123 

A 

2.000 

618 

144 

A 

6.770 

1.040 

263 

A 

2.300 

426 

249 

A 

7.330 

1.340 

303 

A 

2.620 

468 

82 

B 

6.250 

1.100 

61 

B 

2,770 

405 

174 

B 

7.190 

1.310 

1.120 

208 

B 

3.230 

672 

480 

202 

B 

5.460 

990 

267 

B 

2,800 

404 

280 

B 

3.890 

720 

276 

B 

3,020 

631 

66 

C 

6.290 

1.170 

32 

C 

3.040 

638 

78 

C 

6.480 

1.170 

162 

C 

1.060 

866 

163 

C 

6.380 

1.160 

166 

C 

2,730 

401 

179 

C 

6.470 

990 

171 

C 

2.050 

478 

4 

41 

A 

5.1«0 

947 

149 

A 

3.000 

547 

4 

86 

A 

6.070 

1.100 

247 

A 

1.830 

326 

91 

A 

8.000 

691 

306 

A 

2.800 

600 

288 

A 

6.600 

1.010 

310 

A 

1.720 

306 

188 

B 

6.170 

923 

80 

B 

8.040 

640 

219 

B 

4.760 

848 

883 

140 

B 

2.160 

384 

468 

291 

B 

4.220 

764 

105 

B 

2,280 

406 

829 

B 

6,480 

990 

860 

B 

2.050 

366 

8 

C 

6.790 

1.200 

22 

C 

2.050 

634 

170 

C 

4.420 

789 

77 

C 

2.680 

471 

176 

C 

8.800 

694 

130 

C 

2.850 

621 

813 

C 

4.160 

737 

148 

C 

3.230 

686 

67 

A 

4.290 

769 

10 

A 

2.450 

434 

104 

A 

4.060 

830 

76 

A 

2.270 

407 

147 

A 

7.360 

1.320 

132 

A 

3.020 

643 

168 

A 

6.730 

1.040 

173 

A 

2,000 

616 

186 

B 

6.270 

1.150 

80 

B 

3.010 

628 

216 

B 

4.920 

886 

1.060 

216 

B 

3,350 

601 

668 

224 

B 

6.000 

1.060 

808 

B 

3,800 

601 

230 

B 

6.350 

961 

842 

B 

2,600 

466 

267 

C 

6.950 

1.090 

122 

C 

2.820 

610 

262 

c 

6.920 

1.240 

145 

C 

3.840 

688 

806 

C 

6.960 

1.080 

165 

C 

3.410 

611 

838 

0 

6.650 

1.200 

207 

C 

3.860 

695 

4 

A 

6.620 

1.010 

87 

"aT 

3.570 

638 

201 

A 

6.230 

936 

126 

A 

3.170 

673 

266 

.A 

4.780 

850 

167 

A 

8.250 

672 

826 

A 

6.600 

1.010 

160 

A 

2.810 

604 

186 

B 

^680 

1.010 

0 

80 

B 

2.010 

468 

211 

B 

6.760 

1.030 

961 

186 

B 

2.040 

471 

622 

250 

B 

6.000 

908 

232 

B 

1.040 

840 

266 

B 

8.680 

668 

320 

B 

2,760 

470 

6 

C 

6.160 

916 

kOl 

ro4 

C 

8,800 

600 

18 

C 

8.980 

704 

C 

2.000 

640 

84 

C 

6.690 

1,190 

160 

C 

2.870 

617 

160 

C 

6.660 

1.180 

817 

C 

3.010 

649 
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Fio.  26. — ^Vabiationb  in  thb  CROsa-BiuiAKiNO  Stbungth  of  Bbick  of  RaouutK 
Grind  upon  Rbpbatbd  Burning,  and  thb  Effect  upon  thb  Strbnoth  of  a  Cer- 
tain Hbat  Trbatmbnt,  Gonbistinq  of  Slow  Hbating  to  600^  G.  Followbd  bt 
GoouNQ  in  thb  Air. 


8  i 

HaalMr  of  Bam 

Fig.  27.— ^Dbcrbabb  in  GROschBRBAKiNO  Stbbngth  Ezpbbsbsd  m  Pbr  Gurr. 
Dub  to  Hbat  Trbatmbnt  Dbbcribbd.  Thib  Pbrcbntaob  Dborbabb.ib  Absumbd 
TO  Rbprbbbnt  thb  Gomfarativb  Spallino  Tbndbngt. 
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Tablb  23* — Summary  of  Cross-breaking  Tests  Showing  Loss  of  Strength 

due  to  Heat  Treatment 


ft^ultu  of  Rupliire,  Pouxuia 
per  Square  Inch 

Loss  of  Strength  due  to  Heat 
Treatment 

Burn 

Bef  OM  Heat 
Treatment 

After  Heat 
Treatment 

Poundsp^ 
Square  Inch 

Per  Cent. 

(>  Comparative 

Spalling 

Tendency) 

1 

848 

339 

509 

60.0 

2 

919 

444 

475 

51.8 

3 

1,120 

489 

631 

56.2 

4 

883 

458 

425 

48.1 

5 

1,050 

558 

492 

46.9 

6 

951 

552 

429 

45.1 

Results. — The  experimental  data  verify  the  conclusion  that  the 
spalling  tendency  of  silida  brick  diminishes  on'  repeated  burning.  In 
Fig.  27  there  is  a  marked  correspondence  between  the  curve  representing 
approximately  the  cristobalite  content  of  the  brick  and  that  representing 
the  spalling  tendency.  The  latter,  however,  does  not  decrease  as  rapidly 
as  the  former.    It  is  evident  that,  while  reburning  the  brick  diminishes 


Fig.  28»-— Photomicbooraph  of  Polishbd  Section  of  Brick  of  Rbgx7i<ab  Grind, 

BURNSD  ONCB  IN  SiLICA  BrICK  KiLN.       X  4. 


the  spalling  tendency,  the  change  therein  from  60  per  cent,  on  a  first 
bum  to  45  per  cent,  after  a  sixth  is  too  slight  to  be  of  any  commercial 
importance. 

A  number  of  first-quality  fire-clay  brick,  subjected  to  the  same  heat 
treatment,  lost  about  4.5  per  cent,  in  strength.  This  result  agrees 
with  the  well-known  fact  that  the  spalling  tendency  of  clay  brick,  at  the 
temperature  of  this  test,  is  but  a  fraction  of  that  of  commercial  silica 
brick. 
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FiQ.  29. — Photomicboqraph  of  Polished  Section  of  Brick  of  Reou];.ab  Qbihd, 

BuBNBD  Sdc  Times.     X  4. 


FlO.   30. — PHOTOinCROORAPH    OF    POLISHED    SECTION   OF    BrICX    OF   ShAPE    GsZND, 

Burned  once.     X  4. 


FiQ.  31. — Photomicrograph  of  Polished  Section  of  Brick  of  Shape  Gukd, 

BxTRNED  Six  Times.     X  4. 
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Changes  in  Texture  of  Brick  Due  to  Burning 

The  photomicrographs  shown  in  Figs.  28  to  31  bring  out  very  clearly 
the  change  in  the  texture  of  the  brick  brought  about  by  repeated  burning. 
After  a  single  burning  the  larger  grains  of  quartzite  appear  nearly  white; 
after  six  burnings  the  grains  stand  out  much  more  distinctly  in  the  pictures 
and  have  become  darker  and  apparently  more  dense.  A  number  of  grains 
are  seen  in  which  the  center  is  still  white,  while  the  margins  are  altered  in 
the  manner  described. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ■hould  preferably  be  i>reeented  in  peraon  at  the 
Ndw  York  meeting,  February,  1917,  when  an  abetraot  of  the  paper  will  be  read.  If  this  is  impossible, 
then  diaeussion  in  writinf  ma^  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers.  29  West 
aOtb  Street,  New  York,  N  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  speeial  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Apr.  1, 1917.  Any  discussion 
offered  tnereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Matte  Granulation  at  Herculaneum,  Mo. 

BT  8.  PAUL  LINDATT,  B.  B./  HKRCULANEUM,   MO.,   AND  HBNRT  B.   SMITH,  f 
BIVEBMINES,    MO. 

(New  York  Meeting,  February,  1917) 

Three  years  ago  it  was  decided  by  the  management  to  granulate  the 
matte  that  is  produced  in  the  smelter  of  the  St.  Joseph  Lead  Co.  at 
Herculaneum,  Mo.,  thereby  doing  away  with  a  large  amoimt  of  labor 
in  handling  the  matte  and  in  subsequent  crushing.  On  Mar.  1,  1915, 
the  granulator  was  put  in  operation  and  up  to  Jan.  1,  1916,  18,735  tons 
had  been  granulated.  The  four  blast  furnaces  have  a  daily  output  of 
about  280  tons  of  pig  lead  and  100  tons  of  matte  assaying  about  11.0  per 
cent.  Pb.  It  is  expected  that  projected  improvements  in  roasting 
methods  will  eliminate  more  sulphur  from  the  charge,  and  cut  down  the 
matte-fall  to  about  one-half  of  the  present  figure. 

The  blast  furnaces  are  tapped  into  movable  forehearths  or  settlers, 
6  ft.  by  4  ft.  by  22  in.,  the  slag  overflowing  into  27-cu.  ft.  slag  cars  which 
are  hauled  to  the  dump  by  electric  locomotives.  Previous  to  the  adop- 
tion of  granulation,  the  matte  was  tapped  from  the  forehearths  into 
small  slag  pots  which  were  dumped  after  cooUng.  The  matte  cakes 
were  broken  with  sledges,  and  transported  to  the  crushing  plant  for  fine 
crushing  and  screening.  Here  the  matte  was  reduced  to  H~^i^*  ^^^^  before 
being  fed  to  the  roaster  bins.  A  Wedge  and  a  Holthoff  mechanical 
furnace  are  used  for  preroasting  before  sintering  on  the  Dwight  and  Lloyd 
machines.  The  matte  is  returned  to  the  furnaces  as  an  iron  flux  until  the 
gradually  accumulating  copper  content  reaches  about  7  per  cent.,  after 
which  it  is  put  aside  to  be  concentrated  in  a  small  copper  blast  furnace, 
the  resultant  high-grade  matte  being  sold. 

When  the  matte  does  not  settle  readily  from  the  slag,  two  settling 
devices  are  often  used,  the  second  one  being  a  large  catch-pot,  which 
gathers  any  matte  that  may  overflow  from  the  forehearth,  the  slag  then 
overflowing  from  the  catch-pot  into  the  slag  cars.  When  full  of  matte, 
the  catch-pot  is  removed,  allowed  to  cool,  and  the  contents  broken  and 
crushed. 

With  the  present  plan  of  granulating,  the  matte  is  tapped  into  6-cu. 
ft.  iron  ladles.     These  are  transported  to  the  granulating  plant  by  a  5-ton 

*  Testing  Engineer,  St.  Joseph  Lead  Co. 
t  Chemist,  Doe  Run  Lead  Co. 
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overhead  electric  traveling  crane,  the  runway  of  which  extends  the  full 
length  of  the  blast-furnace  building.  A  cylindrical  container  receives 
the  matte  from  the  ladles.    This  container  is  a  specially  designed  Traylor 


copper  converter  minus  the  tuyeres  and  with  a  20-in.  opening  at  one  end 
for  the  flue  and  oil  burners.  It  measures  77  by  120  in.  inside,  is  lined 
with  magnesite  brick  9  in.  thick  and  can  be  tilted  by  means  of  a  50-hp. 
motor.    A  steel  flue  18  in.  in  diameter,  leading  from  one  ead,  conducts 
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any  fume  to  the  bag  hoiise.  Just  under  this  flue  are  placed  two  oil 
burners  for  heating.  Generally  one  is  found  sufficient  to  keep  the  matte 
in  a  molten  state.  The  consumption  of  18^  to  20^  B6.  crude  oil  is 
250  gal.  per  24  hr.,  or  2  to  2^  gal.  of  oil  per  ton  of  matte  granulated. 
Air  at  30  lb.  pressure  is  supplied  to  the  burners  for  atomizing  the  oil. 

The  granulation  is  accomplished  by  pouring  the  molten  matte  through 
two  superimposed  flat  jets  of  water  shooting  horizontally  into  a  concrete 
tank  lined  with  cast-iron  plates  (Fig.  1).  The  stream  of  matte  is  dis- 
integrated into  small  shot-like  particles  before  reaching  the  body  of  water. 
The  stream  of  molten  matte  is  accurately  directed  on  to  the  jets  of  water 
by  a  so-called  pouring  box,  the  spout  of  which  is  6  in.  above  and  12  in. 
in  front  of  the  upper  nozzle.  This  box  is  lined  with  common  brick  and 
the  matte  is  poured  directly  into  it  by  revolving  the  container.  The 
pour  holes  are  slots  2  in.  wide  by  8  in.  high. 

A  dewatering  drag  conveyor  removes  the  granulated  particles  of 
matte  from  the  tank.  The  floor  of  the  tank  slopes  down  to  the  trough 
in  which  the  conveyor  operates,  at  an  angle  of  about  30^.  It  is  placed 
to  one  side,  out  of  the  line  of  the  streams  from  the  nozzles.  It  elevates 
the  matte  over  the  slag  track  and  discharges  into  standard-gage  railroad 
cars,  which  are  weighed,  and  their  contents  sampled  and  emptied  into 
the  roaster  bins. 

In  the  end  of  the  concrete  tank  opposite  the  nozzles,  a  V-sh  ped 
settling  box  takes  the  overflow  water.  This  box  prevents  the  loss  of  the 
coarser  slime,  while  the  filler  material  settles  out  in  a  series  of  settling 
tanks^  one  overflowing  into  the  other.  An  excelsior  filter  finally  clears 
the  water  before  it  enters  the  circulating  pond.  There  are  two  series 
of  settling  tanks,  one  in  use  while  the  other  is  being  cleaned  out. 

Operation  and  Construction 

The  matte  in  the  cylindrical  container  is  kept  fluid  by  one  or  both  of 
the  two  oil  burners  before  mentioned.  The  burners  are  placed  so  that  the 
flame  shoots  slightly  upward  in  the  container.  An  oxidizing  flame  is 
used,  though  there  would  be  some  practical  advantages  if  a  reducing  flame 
could  be  employed.  It  was  found  impossible,  however,  to  maintain 
the  required  temperature  with  a  reducing  flame.  If  the  matte  remains 
in  the  container  too  long,  an  oxidized  scum  is  formed  which  interferes 
with  the  pouring. 

The  matte  is  discharged  from  the  barrel  container  through  an  open- 
ing in  the  side,  2  by  8  in.,  provided  with  a  spout  delivering  into  the  pour- 
ing box  which  rests  on  the  concrete  wall  of  the  tank  directly  over  the 
water  nozzles.  This  pouring  box  is  made  of  sheet  iron  and  is  lined  with 
common  firebrick;  inside  dimensionsare  18in.  by  18in.  by 3ft.  The  matte 
tends  to  chill  and  build  up  in  the  box,  but  a  narrow  passage  about  3  in. 
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wide  is  easily  maintained  along  the  path  of  the  stream.  This  box  in  turn 
discharges  through  an  opening  2  by  8  in.,  the  matte  being  directed  by  a 
cast-iron  spout  so  that  it  meets  the  horizontal  jets  of  water  at  an  angle  of 
70®  to  80°.  All  the  matte  should  be  broken  up  and  be  prechilled  before 
striking  the  main  body  of  water.  As  a  rule  the  stream  of  matte  is  broken 
up  by  striking  the  upper  jet  while  the  lower  jet  insures  further  cooling. 
It  was  found  that  if  some  of  the  matte  missed  the  jets  or  if  the  rate  of 
pouring  was  too  rapid,  thus  preventing  the  thorough  prechilling  of  the 
matte,  some  of  the  semimolten  particles  united  again  into  large  lumps, 
frequently  causing  explosions  in  the  tank.  Likewise,  too  rapid  pouring 
will  promote  the  formation  of  large  granules  up  to  1  in.  in  diameter, 
which  are  detrimental  to  good  roasting.  Too  slow  pouring  allows  the 
matte  to  chill  before  leaving  the  pouring  box,  thereby  causing  the  open- 
ing in  the  spout  to  gradually  freeze.  The  right  speed  was  obtained 
after  a  Uttle  experimentation.     A  stream  of  matte  as  large  as  23^  in.  in 


Fia.  2.- 


-Granulation  Tank,  Showing  Jets  of  Water,  Pouring  Box  and  Drag 
Conveyor. 


diameter  where  it  strikes  the  jets  has  been  granulated  satisfactorily.  A 
hot  matte  makes  a  better  product  for  roasting,  because  it  is  more  uni- 
form and  finer.  A  good  product  is  that  of  which  75  per  cent,  passes  a 
3^6-in.  screen.  The  average  rate  of  pouring  is  3.2  cu.  ft.  of  matte  per 
minute. 

The  water  jets  are  deUvered  through  rectangular  nozzles,  the  open- 
ings being  %  by  3%  in.  with  the  nozzles  5  in.  apart.  The  supply  of 
water  is  100  gal.  per  minute  under  a  head  of  40  ft.  The  granulating 
tank  is  constructed  of  concrete,  17  ft.  long  and  7}^  ft.  wide,  the  floor 
being  plated  with  1-in.  cast-iron  plates,  at  a  30°  slope  into  the  conveyor 
trough.  This  degree  of  slope  has  been  foimd  sufficient  to  cause  the 
granulated  particles  to  run  into  the  trough.     The  drag  conveyor  is  driven 
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by  a  10-hp.  motor  at  a  speed  of  30  ft.  per  minute  and  runs  in  a  sectional 
cast-iron  trough  4  in.  deep  and  15  in.  wide.  A  very  small  amount  of 
water,  about  5  per  cent.,  passes  over  with  the  matte,  into  the  railroad 
cars,  drainage  being  assisted  by  notching  the  conveyor  flights  alter- 
nately in  the  center  and  on  the  ends,  thus  allowing  the  entrained*water 
to  escape  and  flow  back  into  the  tank.  The  tail  sprocket  wheel  and  the 
idler  sprocket  wheel  (Fig.  1)  are  both  imder  water.'  The  shafts  of 
these  wheels  extend  through  stuffing  boxes  in  the  sides  of  the  tank,  to 
the  bearings  on  the  outside. 

Some  lead  settles  out  of  the  matte  while  in  the  container,  about  30 
to  60  pigs  of  65  lb.  each,  according  to  the  condition  of  the  furnaces, 
being  poured  out  daily.  In  case  lead  goes  over  and  is  granulated  with 
the  matte,  it  manifests  itself  by  a  sputtering  and  popping  on  the  surface 
of  the  water.  After  the  matte  has  been  poured  down  to  the  lead  level, 
the  operator  turns  the  container  backward  and  pours  the  lead  into  a 
ladle,  whence  it  is  molded  into  pigs. 

To  prevent  metal  losses,  the  fumes  are  caught  by  a  swinging  hood 
which  fits  over  the  charge  opening  and  connects  with  the  blast-furnace 
flue  leading  to  the  bag  house.  The  hood  may  be  swung  back  so  as  to 
uncover  the  charge  opening,  when  the  crane  is  ready  to  pour  a  ladle  of 
matte  into  the  barrel  container. 

This  installation  requires  only  two  men  per  shift  for  operation,  one 
to  operate  the  container  and  one  the  crane.  The  forehearth  tappers  at 
the  furnaces  attach  the  crane  hook  to  the  ladles.  Under  the  old  method 
of  handUng  the  matte  by  hand-pots,  the  cost  was  87  c.  per  ton,  which 
included  hand-breaking.  Crusbing  and  screening  amoimted  to  56  c. 
per  ton  in  addition,  which  brought  the  total  cost  to  $1.43  per  ton. 
Granulation  costs  only  75  c.  per  ton,  which  makes  the  total  saving  of 
$1.43—0.75  =  $0.68  per  ton  of  matte  granulated. 

Summary 

Matte  granulated  per  24  hr.,  tons 100 

Ratto  of  pouring,  cubic  feet  per  minute 3.2 

Oil  consumed  per  24  hr.,  gallons 260 

Oil  per  ton  of  matte  granulated,  gallons 2.5 

Water  used  per  minute  (under  head  of  40  ft.),  gaUons 100 

Screen  Analysis  on  Granulated  Matte 

Inch-Mesh                                                                                                                 Per  Cent. 
OnK 6 

On  He 4 

OnK 14 

On  He 35 

Through  He 42 

100 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preranted  in  person  at  the 
New  York  meetins.  February.  1917.  when  an  abatraot  of  the  paper  will  be  read.  If  this  is  impossible, 
then  diaeuasion  in  writins  may  be  sent  to  the  Editor.  American  institute  of  Mining  Ensiineera,  29  West 
89th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  speoial  arrangement  is  made,  the  discussion  of  this  paper  will  close  April  1. 1917.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Grain  Growth  Phenomena  in  Metals 

BY  ZAY  JEFFRIES,  B.   8.,   MET.   B.,*  CLEVELAND,   O. 

(New  York  Meeting,  February,  1917)  ^ 

The  object  of  the  present  paper  is  to  enlarge  somewhat  on  the  general 
principles  advanced  in  my  discussion^  of  Mathewson  and  Phillips' 
article  on  The  Recrystallization  of  Cold- Worked  Alpha  Brass  on  Anneal- 
ing.' It  will  also  serve  as  an  acknowledgment  of  Prof.  Howe's'  most 
important  remarks  on  my  contribution.  In  this  paper  the  writer  has 
adopted  Prof.  Howe's  suggestion  to  substitute  the  term  "germinative 
temperature"  for  "critical  temperature  for  grain  growth."  Instead  of 
being  an  exact  or  certain  temperature  it  should  be  considered  that  the 
germinative  temperature  phenomenon  exists  throughout  a  small  tempera* 
ture  range. 

Factors  Influencing  Fast  Orawth  Phenomena 

The  development  of  grains  of  macroscopic  size  at  the  germinative 
temperature  should  be  considered  the  extreme  condition  of  a  general  rule. 
When  considered  in  this  light  it  is  not  strange  that  the  development  of 
these  large  grains  should  be  the  exception  and  not  the  rule.  The  prin- 
cipal factors  influencing  the  operation  of  the  laws  of  fast  growth  tempera- 
ture are  as  follows: 

1.  Rate  of  heating. 

In  the  original  paper/  the  germinative  temperature  was  defined  as 
"the  minimum  temperature  at  which  two  adjacent  grains  can  coalesce  to 
form  one  larger  grain,  provided  that  this  larger  grain  will  have  sufficiently 
increased  its  power  of  attack,  to  enable  it  to  absorb  adjacent  grains  which 
cannot  coalesce  with  each  other.  Time  is  always  to  be  understood  as  a 
factor  governing  the  first  stage  of  grain  growth."  If  the  time  of  heating 
is  short,  the  germinative  temperature  is  raised.  The  formation  of  large 
grains  in  metals  may  occur  at  relatively  high  temperatures  when  the  rate 
of  heating  is  rapid.    It  is  to  be  understood  that  in  such  cases,  grain  growth 

*  Assistant  Professor  of  Metallurgy,  Case  School  of  Applied  Science. 

^  BtdUUn  No.  113,  p.  987  (May,  1916). 

>  BuUeOn  No.  109,  p.  1  (January,  1916). 

'  Prof.  Howe's  paper  will  be  printed  in  Deoember  BtdMn. 
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must  be  very  rapid,  the  germinative  grains  having  the  power  to  absorb 
the  inert  grains  before  the  latter  can  coalesce  with  one  another.  The 
rapidity  of  absorption  of  the  inert  grains  by  the  germinative  grains  is  at 
times  almost  beyond  comprehension.  In  one  instance,  the  author 
calculated  that  37,500,000  individual  grains  were  absorbed  by  one  germi- 
native grain  in  10  sec.  The  grain  growth  took  place  at  such  a  tempera- 
ture that  the  inert  grains  would  have  coalesced  freely  with  one  another, 
had  time  been  given. 

A  further  increase  in  rate  of  heating  will  prevent  the  formation  of 
coarse  grains.  Other  influences  of  change  of  rate  of  heating  were  con- 
sidered in  the  original  paper. 

Figs.  1  and  2  show  visually  the  effect  of  rate  on  the  formation  of  large 
graind.  Fig.  1  represents  a  section  of  metal  held  at  the  fast  growth 
temperature  for  30  min.  This  is  a  sample  of  compressed  metal  heated 
with  electric  current  in  which  the  temperature  gradient  was  the  cause  of 
the  selective  grain  growth.  The  photograph  is  at  a  magnification  of  5 
diameters  and  the  grains  can  readily  be  seen  macroscopically.  Fig.  2 
represents  a  section  of  the  same  metal  in  which  the  temperature  was 


Fig.  1.  FiQ.  2. 

Fig.  1. — A  Sbction  of  Metal  Held  at  the  Germinative  Temperature  fob 
30  MIN.     X  5. 

Fig.  2. — Section  op  the  Same  Metal  as  in  Fig.  i,  in  Which  the  Temperature 
Was  Raised  Quickly  to  a  Point  Fab  above  the  Germinativb  Temperature 
Range,  and  Held  There  fob  30  Min. 

raised  quickly  to  a  point 'far  above  the  germinative  temperature  range, 
and  held  at  this  temperature  for  30  min.  Some  of  the  larger  individual 
grains  in  Fig.  1  occupy  an  area  equal  to  about  1,000  average  grains  in  Fig. 
2.  (The  lines  in  Fig.  2  are  cracks  which  formed  in  the  specimen  during 
moimting.)  The  mean  grain  size  of  the  fine-grained  areas  in  Fig.  1  is 
very  much  less  than  the  mean  grain  size  in  Fig.  2.  The  grain  size  at  the 
center  of  Fig.  1  represents  about  the  normal  grain  size  just  above  the 
fast  growth  temperature.  The  grain  size  shown  in  Fig.  2  is  approximately 
the  equiUbrium  grain  size  for  a  temperature  several  hundred  degrees 
above  the  fast  growth  temperature. 

Fig.  3  (18  diameters)  shows  the  large  grains  formed  at  the  ger- 
minative temperature  in  the  process  of  absorbing  the  equilibrium  grains 
in^the  hotter  portion  of  the  sample. 
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Fig.  4  (18  diameters)  represents  the  same  phenomenon  when  nearly 
all  of  the  small  grains  have  been  absorbed. 

2.  Resistance  to  grain  growth  might  be  divided  into  two  parts: 

(a)  The  resistance  to  grain  growth  inherent  in  the  pure  predominating 
constituent;  for  example,  copper  in  the  pure  state  at  a  certain  tempera- 
ture has  a  certain  inherent  resistance  to  grain  growth. 

(5)  The  resistance  to  grain  growth  due  to  obstruction  by  foreign 
bodies;  for  example,  copper  oxide  in  copper  or  pearlite  in  low-carbon  steel. 

While  it  might  seem  anomalous,  high  resistance  to  grain  growth  due 
to  the  second  cause  greatly  favors  the  formation  of  very  coarse  grains 
at  the  germinative  temperature.  As  the  resistance  to  grain  growth 
increases  in  a  given  material  the  germinative  temperature  increases,  and 
the  time  necessary  for  the  formation  of  the  large  grains  decreases  rapidly. 
As  an  example  of  the  above,  a  sample  of  metal  containing  2  per  cent,  of 
non-metallic  material  required  about  1)^  hr.  to  form  the  large  grains  at  a 
comparatively  low  germinative  temperature.  The  same  metal  containing 
10  per  cent,  of  non-metallic  material  required  but  2  or  3  min.  to  form  the 
coarse  grains.  The  coarse  grains  in  the  latter  case  were  larger  than  those 
of  the  former. 

In  the  sample  containing  10  per  cent,  of  non-metalUcs  (by  volume)  the 
germinative  temperature  was  only  100°C.  below  the  fusion  temperature. 
The  addition  of  12  per  cent,  non-metallics  was  sufficient  to  raise  the  ger- 
minative temperature  above  the  fusion  temperature  and  hence  make  it 
non-existent. 

If  it  is  considered  that  high  resistance  to  grain  growth  favors  the 
formation  of  coarse  grains,  then,  naturally,  low  resistance  to  grain  growth 
would  defeat  their  formation.  The  explanation  of  this  is  found  in  the 
fact  that  as  the  resistance  to  grain  growth  increases,  corresponding  to  a 
rise  in  the  germinative  temperature,  the  existing  grains  at  the  germi- 
native temperature  are  very  much  smaller  than  the  equilibrium  grains 
for  that  temperature.  Since  the  grains  are  so  far  out  of  equilibrium  as 
regards  size,  when  the  germinative  grains  reach  a  size  considerably  larger 
than  the  existing  grains,  the  latter  are  absorbed  rapidly;  first,  because 
they  are  so  small  and,  second,  because  the  temperature  is  so  high. 

The  mechanism  of  the  fast  growth  phenomena  operates  in  the  reverse 
order  for  low  resistance  to  grain  growth.  In  the  first  place  the  ger- 
minative temperature  is  low  and  the  existing  grains  at  the  fast  growth 
temperature  are  more  nearly  in  equiUbrium  in  regard  to  size.  This, 
coupled  with  the  actual  lower  temperature,  will  materially  reduce  the 
velocity  of  grain  growth  as  well  as  the  size  of  the  maximum  grains  at  the 
fast  growth  te^nperature.  In  order  that  selective  grain  growth  may  take 
place  at  all,  it  is  essential  that  the  existing  grains  at  the  fast  growth  tem- 
perature should  be  smaller  than  the  equilibrium  grains  for  that  tempera- 
ture.   As  a  general  rule  it  might  be  stated  that,  other  conditions  being 
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equaly  the  finer  the  existing  grains  at  the  germinative  temperaturei  the 
greater  will  be  the  tendency  toward  selective  grain  growth. 

3.  Influence  of  Grain  Size  Prior  to  Dtformation. — ^It  is  easily  possible 
in  pure  metals  either  to  help  or  defeat  the  selective  grain  growth  at  the 
germinative  temperature.  If  very  large  grains  have  been  formed  by 
previous  high  temperature  anneal,  like  normalizing  of  nearly  pure  iron 
such  as  Prof.  Sauveur  used  in  his  experiments,  it  is  probable  that  the 
grain  fragments  which  formed  in  the  cold-bent  specimen  after  annealing 
were  so  large  that  the  germinative  temperature  phenomena  were  largely 
masked.  In  addition  to  this,  the  germinative  temperature  would  be  so 
low  that  the  velocity  of  grain  growth  would  be  decreased.  Since  the 
coalescence  of  adjacent  grains  in  the  grain  growth  region  is  a  function  of 
time,  among  other  things,  it  is  probable  that  grains  not  far  removed  from 
the  centers  of  selective  growth  might  coalesce  with  each  other  before  the 
larger  grains  in  their  conquest  would  have  time  to  absorb  them. 

While  Prof.  Sauveur  observes  that  coarse  grains  did  not  form  in 
nearly  pure  iron,  it  has  been  the  writer's  experience  that  there  is  nearly 
always  a  region  in  which  the  grains  are  larger  than  those  on  either  dde. 
Sometimes  the  difference  is  not  great  enough  to  be  unmistakably  observed 
in  \he  ordinary  microscopic  examination,  but  grain  size  determinations 
usually  show  the  difference.  A  good  example  of  the  grain-growth  phe- 
nomena in  a  solid  solution  comparatively  free  from  foreign  bodies  will 
be  found  in  Mathewson  and  Phillips'  micrographs.^ 

In  a  given  pure  metal  with  a  given  amount  of  cold  deformation,  the 
grain  size  before  deformation  will  have  a  marked  effect  on  the  selective 
grain  growth  during  annealing.  If  the  initial  grain  size  is  large  the  grain 
fragments  formed  during  annealing  will  be  correspondingly  large,  and  if 
the  initial  grain  size  is  small  the  grain  fragments  will  also  be  smaller  than 
in  the  previous  case.  The  latter  condition  is  conducive  to  the  forma- 
tion of  large  grains  at  the  germinative  temperature.  Instead  of  normaliz- 
ing the  pure  iron,  if  Prof.  Sauveur  had  given  it  an  initial  treatment  so  as 
to  produce  small  grains  he  would  have  noticed  a  more  marked  recrystal- 
lization  effect  after  cold  deformation  with  subsequent  annealing.  On  the 
other  hand,  if  the  grains  are  initially  very  large  it  is  possible  ahnost  com- 
pletely to  mask  the  fast  growth  phenomenon. 

4.  Temperature  and  Deformation  Gradients. — ^The  formation  of  large 
grains  at  the  germinative  temperature  is  dependent  upon  a  rather  even 
grain  size  with  a  temperature  gradient  or  an  even  temperature  with  a 
deformation  gradient  or  any  combination  of  the  two.  In  compreaKd 
metals  heated  by  electric  current  the  grain  size  is  usually  quite  uniform 
and  the  temperature  gradient  serves  to  start  the  formation  of  the  large 

«  C.  H.  Mathewson  and  Arthur  Phillips:  Reciystallization  of  Gold-Woiked  Alpha 
Brass  on  Annealing,  BuUelin  No.  109,  p.  1  (Januaiy,  1916). 
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grsdns.    The  greater  the  tem|)erature  gradient,  the  greater  will  be  the 
tendency  toward  selective  grain  growth. 

If  a  metal  is  deformed  in  the  cold  in  such  a  manner  that  the  degree  of 
deformation  differs  progressively  f rdm  point  to  point — ^for  example,  in  a 
bent  metal  bar  (the  neutral  axis  of  the  bar  will  have  no  deformation,  but 
the  edges  perpendicular  to  the  neutral  axis  will  have  a  maximum  defor- 
mation)— ^there  will  be  a  deformation  gradient  from  the  surface  to  the 
neutral  axis.  If  a  bar  so  bent  be  heated  in  a  muffle  it  might  be  considered 
that  there  was  no  temperature  gradient,  but  the  deformation  gradient, 
with  temperature  constant,  would  produce  a  recrystallization  gradient 
in  which  the  parts  most  severely  deformed  would  recrystallize  at  the  lower 
temperature.  This  difference  in  temperature  of  recrystallization  fur- 
nishes the  cause  for  the  selective  grain  growth  due  to  deformation  gra- 
dients. Various  combinations  of  temperature  and  deformation  gradients 
might  be  encountered.  For  example,  the  condition  might  obtain  in  which 
the  temperature  gradient  just  counterbalances  the  effect  of  deformation 
gradient,  and  fast  growth  at  the  proper  temperature  would  not  occur. 
Local  deformation  gradients  occur  in  any  metal  which  has  been  cold 
plastically  deformed,  due  to  the  variations  in  the  directional  properties 
and  size  of  adjacent  grains.^ 

If  the  total  cold  deformation  of  a  piece  of  metal  has  been  moderate 
such  as  would  obtain  after  one  or  two  passes  through  rolls,  the  local 
deformation  gradients  may  give  rise  to  a  comparatively  few  germinative 
grains  which  during  heating  absorb  the  inert  grains  thus  causing  coarse 
crystallization.  As  the  degree  of  cold  deformation  increases,  the  local 
deformation  gradients  will  decrease.  When  the  total  average  cold  defor- 
mation exceeds  about  30  or  40  per  cent,  reduction  in  area  of  the  metal,  the 
number  of  germinative  grains  formed  during  normal  muffle  heating  may 
approximately  equal  the  number  of  equilibrium  grains  for  the  maximum 
temperature  reached  during  annealing,  and  thus  the  metal  is  said  to  be  fine 
grained.  The  above  adequately  explains  the  cause  of  coarse  crystalliza- 
tion during  annealing  of  moderately  cold  deformed  metals,  and  the  forma- 
tion of  progressively  finer  grains  with  the  same  heat  treatment,  as  the 
degree  of  cold  deformation  increases. 

5.  Influence  of  Thicknees  of  Sample. — Stead  and  Carpenter*  find  that 
metal  sheets  which  are  less  than  about  0.012  in.  in  thickness  are  very  much 
more  susceptible  to  the  formation  of  coarse  grains  than  when  the  thick- 
ness is  greater.  Their  experiments  were  conducted  with  electro-deposited 
iron  and  the  coarse  grains  formed  while  cooling  from  gamma  to  non-gamma 
iron.  The  reasons  for  the  formation  of  coarse  grains  are,  first,  a  tempera- 
ture gradient  and,  second,  the  thinness  of  the  metal  plates.  These 
conditions  will  be  recognized  as  ideal  for  the  operation  of  the  tempera- 

*  Mathewson  and  Phillips:  loc.  cit. 

*  J.  E.  Stead  and  H.  G.  H.  Carpenter:  The  Crystallising  Properties  of  Electro* 
Deposited  Iron,  Journal  of  the  Iron  and  Steel  InetUtUe,  vol.  88,  p.  119  (1913). 
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ture-gradient  law,  since  the  progressive  change  of  gamma  ta  non-gamma 
iron  would  produce  very  small  grain  fragments  and  even  a  slight  tempera- 
ture gradient  would  be  sufficient  to  cause  selective  growth. 


Fig.  3. — The  Largb  Grains  Formbd  at  thb  Gbrminative  Temperature  in  the 
Process  of  Absorbing  the  Eqxtilibrium  Grains  in  the  Hotter  Portion  of  the 
Sample.     X 18. 


Fig.  4. — The  Same  as  in  Fig.  3  Whbn  Nearly  All  of  the  Small  Grains  Hate  Been 

Absorbed.     X 18. 

The  effect  of  thickness  of  section  on  grain  growth  is  general  in  metals. 
The  author  has  found  that  wirer  less  than  about  0.01  in.  in  diameter 
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have  two  regions  in  which  fast  grain  growth  takes  place.  One  occurs 
at  the  ordinary  germinative  temperature.  The  other  occurs  at  most 
any  temperature  above  the  germinative  temperature,  the  time  varying 
inversely  as  the  temperature.  In  the  second  fast  growth  range'  the 
large  grains  almost  invariably  first  form  near  the  surface  of  the  sample. 
It  is  the  writer's  opinion  that  in  such  cases,  where  the  ratio  of  the  siu:- 
face  grains  to  the  interior  grains  is  large,  the  former,  being  unbalanced  by 
having  only  one  side  in  contact  with  adjacent  grains,  are  readily  absorbed 
by  these  interior  adjacent  grains.  When  the  size  of  the  surface  grains 
due  to  this  cause  is  enough  greater  than  the  equilibrium  interior  grains 
the  latter  are  absorbed.  The  formation  of  large  grains  caused  by  small 
diameters  of  wires  can  be  materially  checked  hy  the  introduction  of 
foreign  bodies  such  as  non-metallics.  The  practical  effect  of  the  introduc- 
tion of  non-metallics  is  to  decrease  the  diameter  of  wire  above  which 
coarsening  does  not  take  place.  In  wires  having  a  diameter  of  less  than 
about  0.002  in.  it  is  doubtful  whether  the  formation  of  grains  extending 
across  the  diameter  of  the  wire  can  be  prevented  by  any  means,  provided 
the  wire  is  exposed  for  a  long  time  at  a  sufficiently  high  temperature. 

Fast  Growth  Phenomena  in  Low-Carbon  Steel 

What  has  preceded  in  this  paper  has  considerable  bearing  on  the  for- 
mation of  coarse  grains  in  low-carbon  steel.  Referring  to  Prof.  Sauveur's 
Fig.  27  and  Chappell's  Fig.  12,^  there  is  a  good  reason  why  the  coarse 
grains  in  the  latter  should  be  more  columnar.  In  Sauveiir's  Fig.  27,  as 
the  large  grains  grow  toward  points  of  less  cold  deformation  they  en- 
oounter  larger  and  larger  grain  fragments.  This  will  be  recognized  as  an 
adoption  of  Dr.  Mathewson's  ideas  and  nomenclature.  The  obstru/'.- 
tion  to  grain  growth  offered  by  non-metallic  globules  is  such  that  after 
the  coalescence  of  the  grains  the  globules  do  not  change  position  but  the 
grains  grow  around  them.  Assuming  the  same  to  be  the  case  with  pearl- 
ite  as  the  obstructing  medium  (although  the  ferrite  of  the  pearlite  may  be 
divorced,  leaving  only  the  cementite  as  the  obstructing  medium),  the 
fragments  which  form  in  the  interior  of  an  original  grain  of  ferrite  would 
not  have  obstructing  bodies  at  their  interior  boundaries.  In  the  first 
stages  of  selective  grain  growth  the  grain  fragments,  being  small,  would 
be  absorbed  readily  one  at  a  time  and  when  the  obstructing  masses  of 
pearlite  were  encountered  grain  growth  would  easily  take  place  around 
them.  As  the  grain  fragments  increase  in  size  their  resistance  to  absorp- 
tion becomes  greater;  hence,  a  point  will  be  reached  at  which  equilibrium 
exists.    This  is  especially  true  when  considering  a  definite  time  period. 

On  the  other  hand,  as  the  large  germinative  grains  grow  at  the  expense 

^  C.  Chappell:  Recrystallization  of  Deformed  Iron,  Journal  of  the  Iron,  and  Steel 
IngtUtOe,  vol.  89,  pi.  48  (1914). 
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of  the  small  inert  grains,  the  latter  will  have  had  more  time  to  coalesce 
with  one  another  as  the  time  of  sojourn  in  the  germinative  temperature 
range  increases.  It  is  well  known  that  two  adjacent  grains  which  are  not 
able  to  coalesce  with  each  other  in  five  minutes,  might  do  so  in  five  hours. 
Another  factor  which  should  not  be  lost  sight  of  is  that  when  a  metal  has 
been  but  slightly  cold  deformed,  some  of  the  adjacent  grain  fragments 
resulting  may  be  in  the  same  orientation  and  only  be  separated  by  a  slip 
plane  of  amorphous  metal.  This  amorphous  material  may  be  absorbed 
during  heating  by  the  crystalline  metal,  thus  producing  what  is  analogous 
to  coalescence/ 

In  Chappell's  Fig.  12,  however,  the  grain  growth  took  place  at  a 
temperature  well  above  the  Acl  point  (870°C.)  In  very  low  carbon  steels 
in  which -the  mass  of  ferrite  is  much  greater  than  that  of  the  pearlite, 
there  is  considerable  evidence  that  the  pearlite  does  not  change  into  the 
equilibrium  percentage  of  austenite  when  heating  above  Acl.  Quenching 
experiments  on  samples  which  have  been  previously  normalized,  inva- 
riably show  less  martensite  in  the  very  low  carbon  steels  than  would  be 
expected  from  the  equilibrium  diagram.  When  these  same  steels, 
according  to  Osmond*  are  heated  to  very  high  temperatures — 1200**  to 
1300**  C. — ^larger  percentages  of  martensite  are  formed.  It  is  likely, 
therefore,  that  there  is  less  austenite  formed  during  the  heating  of  these 
steels  than  would  be  expected  from  the  equilibrium  diagram.  This  is 
borne  out  by  heating  curves  and  by  the  occurrence  of  globules  of  free 
cementite.  la  fact,  Chappell's  own  micrographs  would  lead  one  to  this 
conclusion. 

It  is  further  probable  that  germinative  grains  which  had  reached  con- 
considerable  size  below  the  Acl  point,  would  have  greater  power  to  divorce 
the  ferrite  from  the  pearlite  than  would  smaller  grains.*  Consequently, 
while  the  pearlite  or  austenite  might  easily  prevent  the  small  grains  from 
coalescing  with  one  another,  the  large  germinative  grains  might  have 
sufficient  power  to  absorb  the  inert  grains.  This  is  precisely  what  does 
happen  in  the  case  of  a  pure  metal  mixed  with  about  10  per  cent,  of  its 
volume  of  a  non-metal'ic  material. 

Prof.  Howe's  suggestion,  that  about  13  per  cent,  pearlite  might  easOy 
offer  sufficient  mechanical  obstruction  to  grain  growth  to  completely 
defeat  the  selective  action,  is  highly  acceptable.  Before  leaving  this 
phase  of  the  subject,  it  would  be  interesting  to  consider  the  effect  of  the 
critical  transformations  in  steel.  If  a  piece  of  steel  were  heated  by  elec- 
tric current  to  such  a  temperature  that  the  inner  portion  were  above  the 

*The  writer  has  frequently  measured  the  areas  of  pearlite  in  very  low  carbon 
steels,  and  almost  invariably  the  percentage  is  less  than  would  be  expected  from 
the  combustion  carbon  determinations. 

*  Trans.,  vol.  27,  p.  879  (1897).  A  steel  containing  10  per  cent,  carbon  quenched 
from  1050*  G.  would  consist  of  60  per  cent,  free  ferrite  and  40  per  cent,  martensite. 
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A3  point  and  the  outer  portion  below  the  A3  point,  a  fast  growth  tem- 
perature condition  should  exist  at  the  intersection  of  these  two  regions. 
Similarly,  during  cooling  from  above  the  A3  point  if  the  inner  portion 
were  kept  above  the  transformation  point  and  outer  portion  below,  a 
fast  growth  temperature  condition  should  exist  at  the  boundary.  By  the 
proper  regulation  of  the  heating  rate  or  the  cooling  rate  either  large 
austenite  grains  or  large  non-gamma  iron  grains  should  be  formed. 

The  existence  of  gases  in  metals  cannot  be  neglected  as  a  factor  in  the 
resistance  to  grain  growth.  It  would  seem,  however,  that  if  gas  globules 
were  responsible  for  the  obstruction  of  grain  growth,  their  presence  could 
be  determined  by  the  aid  of  the  microscope  using  high  magnifications. 
That  gases  in  solution  or  mechanically  entrapped  in  metals  may  greatly 
affect  the  annealing  temperature  after  cold  deformation  is  shown  quite 
conclusively  by  Rose^  and  Phelps.^® 

Effect  of  Cold  Deformation  on  Uniformity  of  Orientation  of 
Original  Grains 

Prof.  Howe's  statement  that  the  uniformity  of  orientation  after  cold 
deformation  is  greater  within  the  individual  original  grains  than  between 
adjacent  grains,  is  no  doubt  generally  true.  It  must  be  considered,  how- 
ever, that  in  cold-deformed  metals  there  is  sufficient  difference  in  orien- 
tation within  the  original  grains  to  be  the  chief  cause  of  recrystallization 
on  annealing.  .  That  we  do  not  always  see  these  differences  in  orientation 
may  be  due  (1)  to  the  fact  that  the  diameter  of  individual  grains  in  which 
we  can  study  etching  pits  is  usually  not  more  than  0.0002  in.  This  dis- 
tance is  so  small  that  variations  in  orientation  might  easily  escape  even  a 
close  observation.  (2)  To  the  fact  that  the  sections  (viz.,  longitudinal) 
which  are  usually  examined  in  deformed  metals  are  the  most  conducive 
to  similar  etching  tints. 

An  experiment  will  demonstrate  the  points  in  question  very  clearly. 
Small  wires  0.003  in.  in  diameter,  were  heat-treated  in  such  a  way^that 
grains  about  }4  "i-  long  were  formed,  each  grain  occupying  the  full 
section  of  the  wire  for  that  length.  Pieces  of  this  wire  were  bent  sharply 
through  an  angle  of  about  90^  in  such  a  manner  that  the  two  ends  of  a 
single  grain  were  not  internally  deformed.  In  other  words,  all  of  the 
deformation  due  to  bending  was  confined  to  a  small  area  near  the  center 
of  an  individual  grain.  It  is  obvious  that  the  two  ends  of  the  grain  in 
question  now  have  decidedly  different  orientations.  The  exact  angle  of 
difference  is  known,  namely,  9t)^.     It  is  obvious  that  there  is  no  sharp 

*  Thomas  Klrke  Rose:  On  the  Annealing  of  Gold,  Joiimal  of  the  Institute  of  Metals, 
vol.  10,  p.  160  (No.  2,  1913). 

^*  John  Phelps:  The  Effect  of  Hydrogen  on  the  Annealing  of  Gold,  Journal  of  the 
Instihtie  of  MelaU,  vol.  12,  p.  125  (No.  2,  1914). 
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line  of  demarcation  at  the  bend.  The  change  in  orientation  is  progress- 
ive. When  a  sample  like  the  above  is  examined  under  the  microscope 
the  etching  tint  is  usually  quite  uniform.  However,  if  the  same  sample  be 
subjected  to  a  twisting  operation  the  orientation  has  been  changed  with 
respect  to  different  axes,  and  the  etching  tint  does  not  remain  unifomL 
Fig.  5  (660  diameters)  is  a  photomicrograph  of  a  sample  of  wiresotwisteA 
The  differences  in  etching  tint  can  be  readily  seen. 

The  recrystallization  properties  in  the  bent  sample  are  approximately 
the  same  as  those  in  the  twisted  sample.  As  further  evidence  of  decided 
change  in  orientation  within  the  initial  grains,  Stead  and  Carpenter 


A  SiNGLB  Grain,  Twistbd  Gold.    Shows  Diffbbencbs  in  Etchino  Tint.    X  660. 

demonstrate  this  condition  very  nicely  by  means  of  different  etching 
tints  within  the  same  initial  grain  and  by  drawings  (The  Crystallising 
Properties  of  Electro-Deposited  Irony- Journal  of  the  Iron  and  Sted  Insti- 
tute,  vol.  88,  Figs.  6A  and  6B,  Plate  12.     Drawings  on  p.  147  (1913). 

No  explanation  of  the  recrystallization  of  cold-deformed  metals  on 
annealing  has  been  forthcoming  which  did  not  assume  a  change  in  orien- 
tation within  the  initial  grains  due  to  the  deformation.  Rosenhain" 
seeks  to  explain  the  formation  of  the  new  grains  by  assuming  that  the 
amorphous  material  forms  nuclei  for  the  new  grains.  The  study  of 
saturated  liquid  solutions  in  the  presence  of  the  solid  solute  teach^  us 

1^  Internationale  Zeitachrift  fUr  Metatiographie,  voL  6,  p:  65  (1913). 
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that  the  solute  in  the  crystalline  state,  and  not  the  solute  or  solvent  in 
the  amorphous  (dissolved)  state,  is  the  controlling  factor  governing 
saturation  equilibrium.  As  an  example,  if  a  solution  of  sodium  chloride 
in  water  is  saturated  at  a  certain  temperature  with  no  crystalline  sodium 
chloride  present,  the  dissolved  salt  contains  a  certain  amount  of  potential 
energy.  This  potential  energy  is  not  changed  in  quantity  by  the  addi- 
tion of  a  sodium  chloride  crystal  to  the  solution,  but  some  of  the  dissolved 
salt  crystallizes  and  the  degree  of  concentration  in  the  solution  is  lowered. 
The  force  necessary  to  change  this  degree  of  concentration  must  be  looked 
for  in  the  crystal  of  sodium  chloride.  In  the  presence  of  amorphous  d.nd 
crystalline  metal,  therefore,  the  crystalline  fragments  and  not  the  amor- 
phous layers  will  be  the  controlling  factors  in  recrystallization. 

Beilby^*  has  demonstrated  the  above  experimentally.     This  experi- 
ment is  so  basic  in  its  general  relationship  to  recrystallization  that  it 
should  be  repeated  here  in  his  own  words.     '^  Experiments  have  been 
made  on  the  building  up  of  an  entirely  amorphous  mass  of  gold.     Gold 
was  precipitated  from  a  solution  of  the  chloride  as  a  spongy  brown  powder. 
The  washed  and  dried  powder  was  compressed  in  a  die  after  the  gases  it 
had  contained  had  been  pumped  off  at  a  temperature  of  about^  150®.    The 
pressure  was  applied  by  a  small  hydraulic  press.     This  pressiu-e  was  so 
great  that  the  gold  plug  made  a  depression  in  the  bottom  plate  of  the  die, 
which  was  of  tool  steel.    The  pressure  must  have  been  60  to  80  tons  per 
square  inch.     The  gold  squirted  very  slightly  through  a  hole  in  the  bottom 
plate,  and  also  between  the  plunger  and  the  sides  of  the  die.    The 
squirted  gold  was  very  hard  and  rather  brittle,  quite  unlike  pure  gold 
prepared  in  any  other  way.     The  specific  gravity  of  the  compressed  plug 
was  19.05,  or  rather  lower  than  the  specific  gravity  of  gold.    Its  micro- 
structure  was  granular  and  slightly  spongy.    This  amorphous  gold  was 
certainly  very  much  more  rigid  than  even  the  hardest  of  cold-worked  gold; 
it  was  almost  devoid  of  plasticity.     Another  plug  of  compressed 'gold  was 
made  from  the  same  powder,  but  a  tiny  spiral  of  very  fine  soft  wire  was 
dropped  into  the  die  before  it  was  packed  with  powder.     When  a  very 
moderate  pressure  was  reached  the  soft  gold  squirted  quite  freely  past  the 
plunger,  leaving  the  plug  of  hard  gold  behind. 

"The  first  compressed  plug  was  heated  to  350**  and  showed  no  develop- 
ment of  crystallization.  In  the  absence  of  crystalline  nuclei  the  amor- 
phous form  is  stable  even  at  this  temperature.  The  squirted  metal 
from  the  second  plug  which  did  contain  nuclei  crystallized  freely  at  350^." 

IS  G.  T.  Beilby:  The  Hard  and  Soft  States  of  Metals,  Journal  of  the  ImtiiiUe  of 
Metals,  vol.  6,  pp.  36-37  (No.  2,  1911). 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  TO  REVISlGNl 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  {Mreeented  in  jperaon  at  the 
New  York  meeting,  February.  1917.  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writins  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers.  20  West 
30th  Street.  New  York,  N.  Y..  for  presentation  by  ihe  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1017.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


'  Biographical  Notice  of  Charles  Kirchhoff 

BT    R.   W.   RAYMOND,   NBW  YORK,   N.   Y. 
(New  York  Meeting,  February,  1017) 

Charles  William  Henry  Kirchhoff  was  born  March  28, 1853,  at 
San  Francisco,  Cal.,  where  his  father,  Charles  Kirchhoff,  was  at  that  time 
employed  in  the  consular  service  of  his  native  country,  Germany.  A  few 
years  later,  the  family  moved  to  Hoboken,  N^  J.,  in  the  pubUc  schools  of 
which  city  the  son  received  his  preliminary  education,  proceeding  later  to 
Germany,  where  he  was  graduated  in  1874  as  mining  engineer  and  metal- 
lurgist at  the  Prussian  Royal  Mining  Academy  of  Clausthal,  in  the  Harz. 
Upon  his  return  to  the  United  States,  he  became  chemist  of  the  Delaware 
Lead  Refinery  at  Philadelphia,  and  retained  that  position  for  three  years. 
But  in  1877  he  began  what  was  to  be  an  almost  uninterrupted  Ufe-long 
association  with  David  Williams,  the  publisher  of  The  Iron  Age^  of  New 
York,  who  established  in  that  year,  and  continued  for  a  brief  period,  a 
journal  entitled  the  Metallurgical  Review,  on  the  editorial  staff  of  which 
Mr.  Kirchhoff  received  a  place.  The  enterprise  was  doubtless  an  attempt 
to  cover  a  wide  metallurgical  field  outside  of  that  which  properly  belonged 
to  The  Iron  Age.  But  it  was  soon  abandoned,  and  Mr.  WilUams  wisely 
concentrated  his  energies  upon  the  older  journal,  which,  under  his  vigor- 
ous and  skillful  management,  and  the  labors  of  the  able  editors  and  cor- 
respondents whom  he  selected,  became  one  of  the  greatest  institutions  of 
its  class  in  the  world.  From  1878  to  1881,  Mr.  Kirchhoff  was  assistant 
editor  of  The  Iron  Age,  From  1881  to  1884,  he  was  managing  editor  of 
the  Engineering  and  Mining  Journal;  in  1884  he  returned  to  The  Iron  Age, 
to  become  for  five  years  its  associate  editor,  and  in  1889,  on  the  retirement 
of  James  C.  Bayles,  editor-in-chief. 

This  list  of  dates  and  employments,  without  further  comment,  suffi- 
ciently indicates,  at  least  to  the  eye  of  an  expert,  that  Mr.  Kirchhoff  had 
found  his  congenial  career  in  trade  journaUsm.  His  qualifications  for 
this  profession  were  somewhat  exceptional.  He  possessed  the  scientific 
training,  the  knowledge  of  foreign  languages  and  hteratures,  and  the 
power  of  making  and  keeping  friends,  which  enabled  him  to  get  early 
notice  of  technical  Apvelties;  he  had  the  taste  for  statistics  which  made  him 
both  industrious  and  intelligent  in  their  collection  and  use;  and  to  these 
traits  he  added  ainastery  of  the  meaning  of  such  accumulated  data,  and  a 
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sane,  critical  judgment  of  the  situations  which  they  represented,  as  well  as 
of  the  sources  and  the  figures  themselves,  which  made  his  opinion  weighty 
concerning  them.  His  estimates  and  prognostications,  expressed  in 
quiet,  clear,  forcible  but  unsensational  style,  were  quoted  by  the  non- 
technical press,  when  editorial  utterances,  more  brilliant  in  rhetoric  or 
pleasantry,  passed  unrepeated.  In  short,  his  mind  was  equipped  for 
the  long-distance  as  well  as  the  near-by  view  of  things;  he  could  see  bojth 
science  and  business,  and  his  lens  wai^  achromatic  at  either  focal  distance. 
Such  men  surely  achieve  reputation  and  influence,  and  never  lose  what 
they  have  thus  patiently  won. 

It  was  in  1883,  while  he  was  managing  editor  of  the  Engineering  and 
Mining  Journal^  that  Mr.  Eirchhoff  was  engaged  by  the  Director  of  the 
U.  S.  Geological  Survey  to  collect  and  arrange  annually  the  statistics  of 
the  production  of  lead,  copper  and  sine  in  this  country.  Having  had,  at 
an  earlier  period,  some  personal  experience  in  work  of  that  sort,  I  feel 
myself  qualified  to  judge  of  its  difficulties  and  to  recognize  success  in  the 
overcoming  of  them.  It  is  not  a  simple  matter  of  commanding  the  reports 
of  all  producers  and  compiling  the  results.  It  means  the  personal 
winning  of  the  confidence  of  individual  producing  concerns,  one  after 
another;  the  intelligent  reduction  of  their  data  to  a  conmion  standard; 
the  ingenious  filling  of  gaps  in  the  returns;  the  checking  of  statis- 
tics of  production  by  those  of  transportation,  sales  and  stocks  on  hand — ^in 
short,  the  editing,  in  a  critical  as  well  as  a  mechanical  sense,  of  a  mass  of 
material  more  or  less  incomplete  and  heterogeneous.  Such  a  labor, 
performed  by  a  competent  hand  through  a  series  of  years,  doubtle^ 
grows  easier  and  easier  because  it  educates  the  contributors  while  it 
makes  them  increasingly  willing  to  do  their  part  toward  a  result  so  credit- 
able and  useful.  Mr.  Kirchhoff's  reports,  continued  for  23  3rears,  con- 
stitute a  lasting  memorial  of  his  own  ability  and  of  his  influence  upon  the 
managers  of  great  national  industries. 

But  a  man  might  possess  all  the  admirable  qualities  above  enumer- 
ated, and  yet  lack  the  indefinable  gift  of  administration.  This  gift 
Mr.  Eirchhoff  exhibited  when  in  1904,  upon  the  death  of  John  S.  Eing, 
business  manager  of  The  Iron  Age,  he  became  Vice-President  and  General 
Manager  of  the  great  David  Williams  Co.  This  responsibility,  as  well 
as  that  of  his  editorial  position,  he  carried  successfully  until  his  retirement 
from  active  business  at  the  close  of  1909,  when  The  Iron  Age  was  sold  to 
other  parties.  This  was  the  occasion  of  a  luncheon  in  his  honor,  given 
by  his  friends  and  associates  at  the  Engineers'  Club,  Jan.  16,  1910,  and 
made  notable  by  the  attendance  of  many  distinguished  engineers  and 
captains  of  industry,  including  the  venerable  John  Fritz,  then  87  years 
old,  who  made  the  journey  from  Bethlehem  for  this  purpose.  Numerous 
letters  and  speeches  (including  the  presentation,  by  Mr.  Eirchhoff's  asso- 
ciates in  the  David  Williams  Co.^  of  a  bronze  statue)  bore  witness  to  the 
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admiration  and  esteem  with  which  he  was  imiversally  regarded.  There 
was  general  regret  over  his  retirement  from  a  position  which  he  had  so 
signally  adorned — a  regret  from  which,  as  I  remember,  I  ventured  to  dis- 
sent, preferring  to  praise  and  congratulate  him  upon  a  rest  well  earned, 
and  taken  at  a  time  when,  with  powers  unimpaired,  he  could  both  enjoy 
and  make  fruitful  of  good  to  his  fellows  a  life  more  wide  and  free.  Alasl 
it  was  otherwise  decreed. 

Mr.  Eirchhoff's  activity  and  reputation  were  not  confined  to  the 
United  States.    As  editor  of  The  Iron  Age,  he  maintained  relations  with 
technical  and  commercial  leaders  abroad,  and  frequently  visited  Great 
Britain,  Germany  and  France  for  the  purpose  of  studying  the  develop- 
ments of  the  iron  and  steel  industries  of  those  countries.    A  series  of  his 
articles  in  The  Iron  Age,  republished  in  1900  as  a  book,  entitled  ''Notes 
on  Some  European  Iron-Making  Districts,"  was  widely  read.    After  his 
retirement,  he  reviewed  in  the  columns  of  The  Iron  Age  the  proceedings  of 
the  International  Metallurgical  Congress,  which  he  attended  at  Dilssel- 
dorf  in  the  spring  of  1910;  and  in  the  foUowing  October  he  read  before  the 
American  Iron  and  Steel  Institute  in  New  York  a  notable  paper  on  the 
recent  progress  of  iron  and  steel  metallurgy,  as  reflected  in  that  Congress. 
Mr.  Kirchhoff  was  specially  active  and  prominent  in  connection  with 
the  American  Museum  of  Safety  Devices  and  Industrial  Hygiene,  on  the 
managing  board  of  which  he  served  for  several  years.    His  labors  in  this 
field  were  recognized  by  the  government  of  France,  which  conferred  upon 
him  in  1908  a  decoration  as  Offlcier  d'Acadimie. 

He  was  a  member  of  the  American  Iron  and  Steel  Institute,  the  Iron 
and  Steel  Institute  of  Great  Britain,  the  Ve^ein  deutscher  Eisenhiitten- 
leute,  the  American  Society  of  Mechanical  Engineers,  and  honorary 
member  of  the  Franklin  Institute  of  Philadelphia. 

He  joined  the  American  Institute  of  Mining  Engineers  in  1875, 
immediately  after  beginning  his  career  as  a  metallurgical  chemist.  In 
1884,  he  was  strongly  supported  as  a  candidate  for  the  office  of  Secretary, 
left  vacant  by  the  resignation  of  Dr.  Brown.  He  and  I  were  not  only 
friends  but  associates  at  that  time  on  the  editorial  staff  of  the  Engineering 
and  Mining  Journal;  and  these  relations  were  not  at  all  distiurbed  by  our 
amicable  contest  for  the  Institute  secretaryship.  No  one  who  was  present 
at  the  banquet  held  in  connection  with  the  Cincinnati  meeting  of  Febru- 
ary, 1884,  has  forgotten  the  graceful  and  humorous  speech  made  by  Mr. 
Kirchhoff  from  the  standpoint  of  the  defeated  candidate.  Thencefor- 
ward to  the  end  of  his  life,  he  was  my.  strong  supporter,  wise  adviser,  and 
loyal  and  beloved  friend. 

In  1887  and  1888,  and  again  in  1892  and  1893,  he  served  as  a  member 
of  the  Council;  and  in  1896  and  1897,  as  Vice-President;  in  1898  and  again 
in  1911  as  President;  from  1907  to  1912  as  Director,  and  in  1913  as  Past- 
President.    His  presidential  address,  at  the  New  York  meeting  of  Febru- 
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ary,  1899,  on  "A  Decade  of  Progress  in  Reducing  Costs,"  is  a  classic, 
showing  precisely  what  such  a  paper  should  be,  and  exhibiting  those  char- 
acteristics of  careful  and  tireless  inquiry,  comprehensive  grasp  of  details, 
wisdom  in  generalization  and  clearness  of  statement  which  I  have  already 
noted  as  the  elements  of  his  power  and  success. 


Chablbs  Kibchboff. 

But  not  less  important — and  far  more  laborious  was  his  work  in  the 
memorable  year  1890,  when  the  Institute,  with  the  aid  of  American  engi- 
neers and  ironmasters,  entertained  some  500  guests,  belonging  to  the  Iron 
and  Steel  Institute  of  "Great  Britain  and  the  Association  of  German 
Ironmasters.  Mr.  KirchhofiF  was  Secretary  of  the  American  Reception 
Committee,  of  which  Mr.  Andrew  Carnegie  was  Chairman.  But  his 
most  arduous  labors  were  performed  in  connection  with  Mr.  W.  P 
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Shinn  of  the  Transportation  Oommittee,  for  whom  he  personally  con- 
ducted one  of  the  two  PuUman  trains  which  were  kept  running  through 
the  month  of  October  with  the  foreign  guests  as  passengers. 

For  some  years  before  his  death,  Mr.  Kirchhoff  fought  a  brave  battle 
against  a  disease  usually  regarded  as  fatal.  With  patient  and  cheerful 
courage,  he  held  his  own  for  a  while,  and  even  seemed  to  be  gaining 
ground.  But  it  was  trench-fighting,  and  gains  were  small  and  slow.  An 
attack  of  the  grip,  reinforcing  the  older  enemy,  brought  the  end  at  last; 
and  he  died,  July  22,  1916,  at  his  summer  home  near  Asbury  Park,  N.  J. 
He  leaves  a  widow,  two  sisters  and  a  brother. 

In  closing  this  imperfect  sketch  of  my  dear  friend,  I  can  present  no 
better  summary  of  his  character  than  that  which  is  embodied  in  the  Min- 
ute adopted  by  the  Directors  of  the  American  Institute  of  Mining  Engi- 
neers upon  the  tidings  of  his  death,  and  I  therefore  repeat  as  my  own  this 
paragraph: 

"  Mr.  Kirchhoff  was  one  who  secured,  because  he  practiced,  loyalty  in  friend- 
ship, justice  and  kindness  in  personal  intercourse,  openness  and  equity  in  business. 
Modest,  but  not  timid;  prudent,  but  progressive;  gentle,  but  firm;  full  of  chivalry 
and  of  common  sense;  indefatigably  industrious  and  inexhaustibly  patient,  he  won 
victories  without  making  enemies,  and  crowned  with  a  heroic  death  the  record  of  a 
life  unstained." 
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TRANBACTTON8  OF  THE  AMERICAN  INSTITUTE  OF  MINING  BNOINBER8 
IBUBJECTTO  RBYIBIONl 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  praf«rably  be  pr^arated  in  penon  m%  itm 
New  York  raeeUng.  February,  1917.  wben  mn  sbetraot  of  the  paper  will  be  reed.  If  tbJe  If  impofsible, 
then  dieeuMiOD  in  writins  may  be  aent  to  tbe  Editor,  American  Institute  of  Mining  Englneen,  20  West 
39th  Street.  New  York.  N.  Y..  for  presentation  by  the  Secretary  or  other  repreeentative  of  its  author. 
Unless  speeial  arrancement  is'made,  the  diseueslon  of  this  paper  will  elose  April  1, 1917.  Any  dissussioo 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Function  of  Alomina  in  Slags 


BT  CARL  HBNBICH,   LINCOLNTON,   GA. 
(New  York  Meeting,  February.  1917) 

I  HAVE  read  with  particular  interest  that  portion  of  the  discussion 
by  Anton  Eilers  referring  to  the  high-lime  (and  also  high-alumina)  slags 
made  by  August  Raht  in  1881,  while  smelting  the  Horn  Silver  ores  at 
Franklin,  Utah.  The  two  analyses  of  such  slags,  furnished  by  Mr. 
Raht  to  Mr.  Eilers  are: 


Horn  Silver 

Slags 

• 

Slag  I 

0xygen(6) 
peroentage 

Slag  II 

Oxygen(6) 

ATsrage  of 

I  and  II 

Oxygen 

SiOj 

33.9 
26.8 
26.1 
3.2(a) 
10.8 

18.1 
6.0 
7.6 
0.3 

6.1 

36.0 

26.4 

24.9 

3.2 

9.3 

18.7 
6.7 
7.1 
0.3 
4.4 

34.60 
26.10 
26.60 
3.20 
10.06 

18.40 

FeO 

6.80 

CaO 

7.30 

BaO 

0.30 

Al«Ot 

4.76 

100.8 

37.0 

97.8 

36.2 

(a)  Not  determined  in  this  analysis. 

(6)  Not  given  in  Mr.  Eilers'  paper. 

Oxygen  ratio,  Al  as  base. 

I.  O  in  acid:  O  in  base: :  18. 1: 18.9:  :0.96: 1 
II.  O  in  acid:  O  in  base::  18.7: 17.6::  1.06:1 
Average:  18.4:18.16-1.01:1 

Oxygen  ratio,  Al  as  acid. 

I.  Oinacid:Oinba8e::23. 2:13. 8::1. 68:1 
II.  O  in  acid:  O  in  base:  :23. 1:13.6:  :1. 76:1 

Average:  23.15:13.4-1.73:1 

By  assigning  to  alumina  the  rdle  of  a  base,  Mr.  Eilers  deduces  tba  formula  3FeO.«> 
2SiOt  4-  4Ca0.28iOi. 

The  nearest  approach  to  a  simple  formula  expressing  the  average 
composition  of  these  slagSi  which  I  can  figure,  is 

9RO.AlaOs.6SiOi. 

Allowing  a  ratio  of  4FeO  :  5CaO,  we  have  for  this  formula: 
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Si02  =  35.0  per  cent.;  AljOs  =  10.0  per  cent.;  CaO  =  27.0  per  cent.;  FeO 
s  28.0  per  cent. ;  in  round  numbers.  This  would  be  a  singulo  silicate 
of  CaO  and  FeO  with  about  34  per  cent,  or  one-third  of  the  RO  bases 
replaced  by  AI2O8. 

However,  it  has  always  appeared  to  me  to  be  an  absurdity  to  force 
a  sesquioxide  to  replace  FeO  or  CaO  or  any  other  RO,  simply  to  make  the 
analysis  of  some  slag  or  mineral  fit  into  some  orthodox  formula.  That 
AI2OS  can  be  substituted  for  FeiOjor  CrjOj,  just  as  MgO,  CaO,  BaO,  FeO. 
and  MnO  can  be  substituted  for  each  other  in  various  chemical  combinar 
tions,  is  well  established.  But  I  do  not  know  of  any  natural  silicate  in 
which  it  has  been  shown  conclusively  that  AlsOs  would  take  the  place 
of  RO,  and  I  do  not  believe  that  alumina  will,  do  it  in  any  artificially  pro- 
duced slag  silicate. 

If  in  the  above  slags  we  consider  alumina  as  an  acid,  t.6.,  the  slags 
as  mixtures  of  silicates  and  aluminates,  we  find  that  they  satisfy,  or 
closely  approach  the  formula: 

(QRO.SAljOs)  +  6(6R0.5SiO,), 

In  short,  assuming  alumina  as  an  acid,  2AUOs  would  be  the  equivalent 
of  3SiOs,  or  102.8  mass-units  of  alumina  would  be  the  equivalent  of  90 
mass-units  of  silica,  and  the  oxygen  ratio  of  the  correct  slag  of  the  above 
type  would  be  5 : 3.  The  slag  would  be  essentially  a  lime-iron  5 : 3  "silic- 
duminate"  (slightly  acid  "sesqui-silicaluminate'')* 

Slag  No.  I  corresponds  very  nearly  to  this  degree  with  an  oxygen  ratio 
of  23.2 :  13.8.  Slag  No.  II  does  not  correspond  so  well,  and  it  is  also 
metallurgically  slightly  inferior  to  No.  I  as  shown  by  the  lead  and  silver 
contents.  On  the  supposition  of  Al  as  basic,  the  increase  in  the  silica 
of  this  slag  should  make  it  better  metallurgically  than  No.  I,  which, 
however,  is  evidently  not  the  case. 

I  am  aware  that  many  metallurgists  are  unwilling  to  assign  to  alumina 
the  r61e  of  an  acid  or  to  consider  it  as  a  substitute  for  silica  in  the  cal- 
culation of  their  slags.  Except  in  iron  blast-furnace  practice,  it  is 
of  no  great  importance  whether  we  consider  it  as  a  base  or  an  add  or 
do  not  consider  it  at  all.  As  the  insoluble  residue  of  ores  or  limestone 
is  frequently  calculated  as  silica,  it  is  automatically  assigned  to  the  r61e 
of  an  acid.  But  practical  metallurgists  have,  as  a  rule,  avoided  the  issue 
by  following  Kerl's  advice  and  have  kept  the  alumina  of  their  slags  as 
low  as  possible,  so  low,  in  fact,  that  ususJly  it  has  been  immaterial  which 
way  the  alumina  has  been  regarded.  The  metallurgist  in  a  modern 
centrally  situated  blast-furnace  plant  can  do  this,  but  occasionally  the 
alumina  problem  becomes  a  serious  one  to  the  metallurgist  at  an  isolated 
plant,  smelting,  perhaps,  the  ore  from  only  one  mine,  so  that  the  question 
has  its  interest  from  a  practical  as  well  as  from  a  scientific  side. 

In  any  slag  the  chief  points  of  interest  are: 
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The  formatioji  and  melting  points,  since  these  determine  coke  consump- 
tion and  furnace  temperature;  its  viscosity,  which  must  be  small,  both  to 
allow  it  to  flow  readily  from  the  furnace  and  to  permit  a  quick  mechanical 
separation  of  it  from  the  matte,  speiss  or  metal;  the  chemical  composition, 
since  it  must  not  dissolve  large  quantities  of  the  valuable  constituents 
of  the  ore,  and  must  (as  in  iron  smelting)  occasionally  remove  detri- 
mental ones. 

In  general,  an  increase  of  alumina  or  silica  will  raise  the  formation 
temperature  of  a  slag,  and  ordinarily  it  will  be  made  thereby  more  viscid 
at  or  near  its  formation  temperature;  but  these  qusdities  are  likewise 
affected  by  the  various  bases  entering  the  slag  and  their  relative  pro- 
portions. 

As  practical  experience  has  ordinarily  shown  that  scaffolds  over  the 
tuyeres,  and  hard  slag  and  metal  taps  resulted  from  high  alumina,  among 
the  bases  in  unisilicate  and  sesquisilicate  slags,  alumina  has  acquired  a 
bad  reputation  among  lead  and  copper  smelters. 

I  might  suggest  at  this  point  that  it  is  a  well-known  fact  that  suddenly 
cooled  slags  ("chilled")  are  more  quickly  attacked  by  hydrochloric 
acid  than  if  slowly  cooled.  This  suggests  that  the  crystallized  and 
crystalline  minerals  occurring  in  slowly  cooled  slags  are  not  contained 
as  such  in  the  molten  magma,  but  are  only  formed  from  the  original 
magma  during  the  cooling  process. 

Among  the  cases  in  which  high  alumina  in  the  smelting  charge  be- 
came a  practical  problem  were  the  Horn  Silver  ores  smelted  by  Mr. 
Raht  in  1881,  already  mentioned,  the  oxidized  ores  of  the  early  days  of 
the  Copper  Queen  at  Bisbee  and  the  Detroit  Copper  Mining  Co.  at 
Morenci  and  my  own  experiences  in  smelting  some  ores  of  the  Champion 
and  United  Copper  Mines  near  Nelson,  N.  Z. 

In  those  times,  I  suppose,  we  all  considered  alumina  as  a  base  when 
we  considered  it  at  all.  I  know  that  I  did  when  confronted  with  an  un- 
usual amount  of  kaolinized  porphyry  in  some  of  the  Detroit  Copper 
Mining  Co.'s  ores.  I  know,  too,  that  the  behavior  of  the  slags  calculated 
in  this  way  was  often  a  sore  puzzle  to  me.  For  instance,  I  give  below 
two  slags  made  at  Morenci  about  1884.  No.  I  was  a  good  slag,  keeping 
the  furnace  open  and  running  freely,  the  other  was  a  bad  slag,  inclined 
to  form  noses  and  scaffolds  above  the  tuyeres,  thick,  sticky  and  sure  to 
bring  the  smelting  campaign  to  an  abrupt  end  if  not  promptly  changed. 

The  oxygen  ratio,  considering  alumina  as  a  base,  does  not  throw  any 
light  on  the  radically  different  nature  and  behavior  of  these  slags.  The 
only  thing  which  at  that  time  seemed  feasible  to  me,  was  to  follow  Kerl's 
rules  as  far  as  possible,  and  keep  the  alumina  low. 

But  when  I  went  from  Morenci  to  Nelson,  N.  Z.,  and  there  faced, 
unexpectedly,  the  problem  of  smelting  the  copper  ores  of  one  mine,  with 
no  available  flux  but  magnesian  limestone,  I  found  myself  ''up  against 
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Detroit  Copper  Mining  Co. '«  Slags 


Sbcl 

Ozycen 
percentage 

Slac  II 

Ozyien 
pereentace 

BiOt 

34.3 
11.8 
38.6 
10.1 
2.3 

18.3 
6.6 
8.6 
2.9 
0.9 

38.1 

16.9 

33.1 

8.0 

2.2 

20.3 

Al/>, 

7.9 

FeO 

7.4 

CaO 

2.3 

M«0 

0.9 

*'*©^^* 

97.0 

98.3 

Oxygen  ratio, 
AlsOt  base: 
A1,0,  acid: 

18.3:17.9 
23.8:12.4 

20.3: 
28.2: 

18.6 
10.6 

it/'  The  ore  was  mainly  chalcopyrite,  with  some  P3rrite,  in  a  gangue 
locally  known  as  serpentine.  The  average  composition  of  the  country 
serpentine  on  both  sides  of  the  lode  serpentine  appeared  to  have  the 
approximate  formula  3MgO.AltOs.3Si02  or  about  30  per  cent.  MgO, 
25  per  cent.  AltOs  And  45  per  cent.  SiOs. 

The  lode  serpentine,  forming  the  gangue  of  the  ore,  approached  more 
nearly  the  composition  of  4MgO  +  4Als08  +  5SiOt,  or  about  17.5  per 
cent.  MgO|  43.5  per  cent.  AltOs  and  39  per  cent.  SiOs.  One  actual 
analysis  of  the  gangue  of  roasted  ore  figures  36  per  cent.  SiOs,  46  per  cent. 
AlsOs  and  18  per  cent.  MgOf  That  silica-alumina  ratio  in  the  available 
ore  of  the  smelting  charge  was  a  decided  and  puzzling  novelty.  Keri's 
advice  was  evidently  not  applicable  in  this  case.  As  I  published,  in 
1886  or  1887,  in  the  Engineering  and  Mining  Journal,  an  account  of 
my  experiences  in  smelting  that  ore,  it  would  be  superfluous  to  repeat  that 
account  here.  The  following  slag  analyses  and  appended  remarks  will 
suffice: 


Slagl 

Oxjieo 
peroenUge 

2 

o 

3 

0 

4 

O 

6 

O 

8iO, 

36.4 

19.4 

34.6 

18.4 

39.1 

21.3 

21.8  1  11.6  \  18.4 

9.8 

A1,0, 

27.8 

13.1 

26.4 

12.4 

22.9 

10.8 

31.8 

14.7    20.8 

9.8 

FeO 

14.2 

3.1 

32.2 

7.2 

28.6 

•  6.4 

30.6 

6.8    36.9 

7.9 

CaO 

1.6 

0.4 

.... 

.... 

.... 

.... 

10.0, 

2.9 

MgO 

18.4 

7.4 

6.8 

2.7 

8.4 

3.3 

16.6 

6.2 

14.3 

5.7 

Oxygen  ratio, 
Al  basic:  19.4:20.4; 

0.96 
Alacid:  32.6:10.9; 

2.98 


18.4:22.3;  21.3:20.5; 

0.83  1.06 

30.6:9.9;     92.1:9.7; 

3.09  3.32 


11.6:27.7;    9.8:26.3; 

0.42  0.37 

26.8:13.0;  19.6:16.5; 

2.02  1.19 
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SiO,. 
A1,0, 
FeO.. 
CaO. 
MgO. 


19.7 
18.5 
28.5 
15.0 
18.3 


10.5 
8.7 
6.3 
4.3 
7.3 


22.6 
22.5 
32.7 
5.1 
18.4 


12.0 

10.6 

7.3 

1.4 

7.4 


24.2 

26.2 

32.1 

8.0 

9.2 


12.9 

12.3 

7.1 

2.3 

3.7 


23.9 

26.8 

33.5 

6.4 

9.4 


12.7 

12.6 

7.4 

1.8 

3.8 


Oxygen  ratio, 

Al  basic:       10.5:26.6;  12.0:27.8;  12.9:25.4;  12.7:26.6; 

0.40  0.43  0.51  0.50       ' 

Alacid:        19.2:17.9;  22.6:15.2;  25.2:13.1;  25.3:13.0; 

1.07  1.49  1.92  1.95 

!•  Slag  of  first  trial  run — ^very  short  run.  ScafFolded  and  froze  up. 
Furnace:  36-in.  roimd  water-jacketed  (1884)  Arizona  copper  furnace. 

2.  Slag  from  same  run,  when  furnace  began  to  scaffold. 

3.  Same  run.    From  chilled  scaffold  above  tuyeres. 

4.  From  second  equally  short  run.  Somewhat  better  roasted  ore, 
more  coke  and  somewhat  higher  blast  pressure.  Thick,  gluey  slag  from 
slag-tap.    Scaffolding. 

5.  From  third,  successful  run,  this  time  considering  alumina  as  an 
acid,  and  counting  35  weight-units  of  alumina  the  equivalent  of  30  imits 
of  siUca.    Blast  pressure:  9  to  10  oz.    First  slag  fall,  changed  to: 

6.  By  addition  of  more  hmestone  flux  to  the  charge.  This  is  a  very 
free-running  hght  slag,  separating  easily  and  clean  from  the  45  per  cent, 
copper-matte.  Thirty-six-inch  furnace  running  at  the  rate  of  45  tons 
smelting  charge  in  24  hr. 

7.  Slag  from  last  12  hr.  of  run,  finishing  roasted  ore  on  hand,  and 
with  shortage  of  limestone  flux,  which  could  not  be  replenished  in  time. 
Furnace  not  running  as  free  as  on  No.  6  slag,  only  at  the  rate  of  27  tons 
in  24  hr.  As  available  limestone  flux  diminished.  Slag  Nos.  8  and  9 
ensued,  which  allowed*  to  finish  the  campaign  with  increased  fuel  and 


Slac 

Oxygen 
percentace 

SiOj 

26.6 

15.4 

42.6 

9.5 

0.2 

14.2 

A1,0, 

7.2 

FeO 

9.5 

CaO 

2.7 

MgO 

0.1 

AliOt  as  a  base;  Oxygen  ratio:  14.2: 19.5. 

0.73 
AlsOi  as  an  acid ;  Oxygen  ratio :  21 . 4 :  12 . 3. 

1.74 
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blast,  using  up  all  roasted  ore  on  hand.  If  continued  on  this  slag,  how- 
ever,  the  furnace  would  surely  have  scaffolded  and  frozen  up. 

An  instructive  slag,  high  in  alumina,  is  the  preceding  typical  Copper 
Queen  slag  of  about  1884: 

Considering  the  composition  and  behavior  of  all  the  slags  given  above 
it  seems  to  me  evident: 

1.  In  slags  containing  larger  quantities  of  alumina,  the  alumina  should 
be  considered  as  an  acid,  replacing  silica,  and  not  as  a  base. 

2.  The  higher  the  percentage  of  alumina,  the  nearer  the  slag  should 
approach  a  "singulo-siUcaluminate,"  i.e.,  the  nearer  the  oxygen  ratio  of 
the  bases  should  come  to  the  combined  oxygen  of  the  silica  and  alumina. 

3.  An  increase  in  magnesia  calls  for  a  higher  percentage  of  bases,  while 
absences  of  magnesia,  and  a  pure  limestone  as  a  flux,  will  permit  an 
•approach  to  a  ''binsilicaluminate"  slag. 

4.  The  safe  way  will  be  to  start  with  a  "sesqui-silicaluminate''  as 
the  type  of  slag  to  be  produced: 

x(4RO.3SiO0  +  y(2R0.Al,0,), 

which  is  approximately  the  slag  actually,  successfully  and  involuntarily, 
I  suppose,  made  in  1881  by  August  Raht,  while  smelting  very  aluminous 
and  very  limey  ores  from  the  Horn  Silver  Mine. 

There  has  always  been  a  bias  among  metallurgists  in  favor  of  assign- 
ing to  alumina  the  rdle  of  base  in  the  composition  of  the  slags.  This  has 
been  natural,  as  the  textbooks  on  mineralogy  assign  to  alumina  in  the 
composition  of  the  silicate  minerals  the  rdle  of  a  base,  with  very  few  excep- 
tions. Hence,  not  questioning  tHe  correctness  of  this  authoritatively 
assigned  basic  function  of  alumina,  expressed  as  such  in  all  the  orthodox 
formulas  of  these  minerals,  it  seemed  only  proper  and  correct  to  consider 
AlsOs  as  a  base  in  the  artificial  siUcates,  the  slags.  When  this  view 
played  the  mischief  with  the  running  of  the  furnace,  this  was  ascribed 
to  the  innate  depravity  of  alumina.  You  could  support  a  Uttle  of  it, 
but  you  must  not  allow  too  much  of  it,  or  it  would  get  the  better  of  you. 
That  was  about  the  practical  conception  in  lead  and  copper  smelting, 
using  low  furnaces,  cold  blast,  low  pressure,  and  under  the  necessity  of 
keeping  the  fuel  cost  down. 

At  least,  this  accurately  describes  my  own  view  of  the  case  in  1884, 
when  confronted  with  kaoUnized  porphyry  of  the  Detroit  Copper  Mining 
Co.  But  having  had  forced  upon  me  the  conviction  of  the  acid  charactier 
of  AlsOs  in  the  artificial  slag  fflhcates,  or  at  least  in  some  of  them,  it  has 
engendered  some  doubt  whether  alumina  always  has  that  function  of  a 
base  in  the  natural  siUcate  minerals  assigned  to  it  in  the  orthodox  formula 
of  siUcates,  a  question  with  which  I  purpose  dealing  at  some  future  time. 
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of  a  rugged  Contactor  Solenoid  Switch 
mounted  anywhere  on  the  locomotive,  where 
it  can  be  protected  from  mechanical  injury, 

A  Poaturo  BzclutiTe  to  Jeflroy  LocomotiTet  aboTo  four  torn 
in  weiffht.    Write  for  further  particular!. 

THE  JEFFREY  MFG.  CO.,  902  n.  Fourth  St..  Columbus,  O. 

New  York       Boeton       Philadelphia       Pittsbuigh       Mflwaukee       Cbicago      Birmfatfiaai 
Scranton     Charleston.  W.  Va.     St.  Louis     Denver      Montreal      Seattle       Dallas 
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WORK 
For  this  Equipment 

This  universal  direct  current  motor  drive  for  either  con- 
stant or  variable  i^peed  requirements  will  efficiently  operate 
any  machine  requiring  from  }4  to  200  h.p.  Just  mount  the 
equipment  on  iloor,  wall,  ceiling  or  on  the  driven  machine. 

If  flying  chips  are  present  partly  enclosing  covers  may 
be  applied  to  motor  in  a  few  minutes.  For  protection 
from  tlripping  water  or  gas,  m(»tor  can  be  ordered  enclosed 
and  ventilated. 

The  wonderfully  flexible  and  efficient  control  used  for  this 
equipment  lets  you  drive  your  machines  for  ma>dmum  pro- 
d net  i an .  Yo u  can  s t a rt  1 1 ui ckly  or  start  slowly ,  with  perfect 
safety  to  the  motor,  run  at  all  commerciat  speed  ranges — 
and  stop  as  quickly  as  m*cded. 

This  etjuitHaent  is  wound  for  al!  commercial  voltages  and 
can  be  autuinatically  operated  from  remote  points  by  any 
tj'pe  of  master  switch. 

Give  this  etiuipincMt  ''Industry's  Master  Workman"^ — a 
chance  to  pn^ve  its  tireless  capacity  for  satisfactory  service 
in  your  factory. 

General  Electric 
Company 

General  Office :  Schenectady,  N.  Y.    District  Offices  in: 

Boston,  Majis.  New  York,  N.  Y.  PhUtdielptiia,  Pm,  AtlAOta,,  Ga, 

Ciocinniitu  Ohio  Chlcaga,  UI.  DenTCT,  Colo.       S^n  FruiclAOO,  CM. 

St.  Louiij,  Mo.  SftleR  Offices  in  AIL  LAigs  Citiei 
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The  Foremost  Dewatering  Device 

The  Highest  Development  of  the  Modern  Filter 


The  Portland  Continuous  Filter 

Filters  heavy  tonnages  of  flotation  concentrates  rapidly  and  inexpensively. 

Delivers  concentrates  direct  to  cars  or  bins  with  a  moisture  content  frequently 
as  low  as  io%.  It  pays  for  itself  by  reducing  shipping  costs  and  eliminating 
waste  in  handling. 


Every  Portland  is  a  complete  machine.  Patented  features  give  unequaled  pre- 
cision and  ease  of  adjustment,  even  delivery  of  evenly  dewatercd  cake,  low 
upkeep  and  steady  service. 

Used  by  the  foremost  mining  companies,  Smuggler-Union,  Portland  Gold  Min- 
ing, Utah  Copper,  Ray  Consolidated  Copper,  Chino  Copper,  U.  S,  Smelting,  Ref. 
&  Mining,  Butte  &  Superior,  Nevada  Cons.,  etc. 

There  is  a  very  strong  probability  that  the  Portland  Continnons  Filter  can 
make  your  mill  earn  additional  profits.  Send  for  a  copy  of  new  Bulletin  2KB 
and  see. 

No  an^ety  about  patent  litigation,  no  royalty  to  pay.  We  guarantee  that  the 
Portland  Continuous  Filter  does  not  infringe  any  legal  rights  of  other  patent 


Colorado  Iron  Works  Co. 

Established  1860  Denver,  Colo. 
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Map  Showing  Points  in  Arizona  Visited  during  thb  Sbptbmbbr,  1916,  Mkbtiro. 

(Santa  Rita  and  Hurley,  N.  M.,  where  are  located  the  mine  and  mill  of  the  Chizio 

Copper  Co.,  were  also  visited,  but  are  not  shown  on  the  map.) 
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Such  extraordinary  developments  in  mining  and  metallurgy  and  so 
many  new  departures  have  been  made  in  inining,  concentration  and 
smelting  in  the  State  of  Arizona  in  recent  years  that  extraordinary 
means  had  to  be  taken  to  cover  the  more  important  points  of  interest 
in  the  State.  A  special  train  to  carry  the  party  from  point  to  point  during 
the  hours  of  darkness,  so  that  daylight  might  be  used  to  the  utmost 
advantage  was  therefore  provided.  Even  with  this  advantage,  it  was  im- 
possible to  visit  all  the  camps,  and  it  was  with  great  regret  that  the  main 
party  was  obliged  to  omit  such  interesting  places  as  the  United  Verde  Cop- 
per Co.  and  the  United  Verde  Extension  Mining  Co.  at  Jerome,  the  Ray 
Consolidated  Copper  Co.  at  Ray,  the  Clifton-Morenci  District,  and  the 
new  developments  of  the  Gold  Road-Oatman  District. 

Two  special  cars  started  from  New  York  City  carrying  members 
of  the  party  as  far  as  Chicago.  There  the  numbers  were  augmented 
by  members  from  diflferent  points.  The  Chairman  and  representatives 
of  the  Chicago  Local  Section  met  the  party  and  accompanied  it  on  an  in- 
teresting drive  through  Washington  and  Jackson  Parks  in  automobiles. 
A  banquet  of  about  75  persons  at  the  La  Salle  Hotel  followed. 

Three  special  Pullman  cars,  the  private  car  " Anaconda'*  belonging 
to  Past-President  Benjamin  B.  Thayer,  and  a  special  combination 
baggage  and  club  car  for  the  accommodation  of  the  Institute  party 
left  Chicago  on  the  Golden  State  Limited  of  the  Chicago,  Rock  Island 
and  Pacific  Railroad,  but  some  time  before  morning  was  made  up  as 
the  Institute  Special  which  then  traveled  as  a  separate  unit  through 
to  the  Grand  Canyon,  Ariz.  Through  the  kindness  of  Mr.  Carl  Scholz, 
large  geological  maps  showing  the  mineral  resources  of  the  Rock  Island 
Lines  between  Chicago  and  El  Paso  were  distributed  to  all  members 
of  the  party  and  added  greatly  to  the  interest  of  the  trip. 

Additional  members  were  picked  up  at  Kansas  City  and  other  points 
and  the  special  train  arrived  in  El  Paso  at  2:40  p.  m.  on  Sunday,  Sept.  17. 
At  this  point  parties  from  Montana,  Utah,  Colorado,  California,  and  other 
places,  joined  the  gathering,  as  well  as  more  than  25  members  from  Ari- 
zona, including  the  Arizona  Committee.  Several  El  Paso  members, 
under  the  leadership  of  their  very  efficient  Committee,  had  arranged 
for  a  visit  by  automobiles  to  the  National  Guard  camps — containing, 
it  was  said,  about  50,000  militia  from  different  States — to  Fort  Bliss, 
and  to  the  El  Paso  Smelter  of  the  American  Smelting  and  Refining  Co. 
Here  the  party  had  an  opportunity  to  see  a  lead  smelter  which  had  been 
transformed  to  a  copper  smelter  to  meet  commercial  conditions  and  also 
a  Peirce-Smith  copper  converter  13  ft.  in  diameter.  Some  of  the  mem- 
bers motored  over  to  Old  Mexico  and  collected  souvenirs  and  saw  a 
bull  fight. 

After  a  brief  period  for  rest  the  members  and  guests  were  tendered 
by  the  El  Paso  members  a  most  interesting  Mexican  supper  at  the  Toltec 
Club,  at  which  were  present  179  persons  and  which  was  enlivened  by 
the  music  of  a  Mexican  band.  The  menu  of  this  supper  follows :  Toronj a ; 
Enchiladas  con  Huevos;  Tamales  de  Polio;  Tortillas;  Frijoles  Refritos; 
Nieve  NapoUtana;  Quequi;  Cafe.  To  each  menu  card  was  pinned  a 
small  Mexico  sombrero  made  of  horse  hair. 

The  party  leaving  El  Paso  on  Sunday  evening  numbered  150  persons, 
and  the  arrangements  from  that  point  were  in  the  capable  hands  of  the 
Arizona  General  Committee.    Attractive,  well  printed,  and  well  illus- 
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trated  general  programs  of  the  meeting  were  distributed  which  contained 
a  map  of  Arizona  showing  the  principal  points  of  mining  and  metallur- 
gical interest.  In  this  booklet  there  were  also  some  statistics  and  infor- 
mation regarding  the  mines  of  the  Chino  Copper  Co.  and  of  the  Warren 
District  and  the  smelters  at  Douglas.  Throughout  the  entire  trip  the 
admirable  arrangements  of  the  General  Conmiittee  and  the  Local  Com- 
mittees of  the  different  districts  were  a  frequent  source  of  conmient. 
Not  only  was  every  possible  comfort  and  convenience  provided,  but 
carefully  prepared  data  on  each  of  the  districts  were  given  to  the  visitors 
upon  arrival. 

The  map  used  as  frontispiece  in  this  BvUetin  will  be  of  interest  to 
readers  of  the  following  pages. 

Monday  morning,  Sept.  18,  found  the  party  at  Santa  Rita,  N.  Mex., 
where  the  members  were  awakened  by  a  miners'  salute  consisting  of  a 


Fig.  1. — The  Observation  Train  which  Carried  the  Institute  Party  around 
THE  Chino  Copper  Co.  Open-cut  Workings. 


series  of  blasts  at  the  mine  of  the  Chino  Copper  Co.  Upon  detraining 
the  party  boarded  an  observation  train  elaborately  decorated  for  the 
occasion,  as  shown  in  Fig.  1,  and  was  taken  around  the  open-cut  working 
of  the  Chino  mine,  estimated  to  contain  about  90  million  tons  of  porphyry 
ore  averaging  about  1.75  per  cent,  copper.  This  property  is  said  to  be 
the  first  in  the  Southwest  to  be  mined  by  steam  shovel,  and,  in  the  year 
1915,  produced  an  average  of  over  200,(K)0  lb.  of  copper  per  day. 

What  can  be  described  only  as  a  fleet  of  automobiles,  which  had 
been  gathered  from  mining  districts  within  a  radius  of  30  miles,  was 
then  ready  to  take  the  members  to  Hanover,  where  are  located  the 
mine  and  mill  of  the  Empire  Zinc  Co.  These  arrangements  are  typical 
of  the  thoroughness  and  thoughtfulness  with  which  the  Committees 
at  all  the  different  points  had  arranged  to  give  their  visitors  the  maxi- 
mum opportunity  to  see  the  points  of  technical  interest  with  the  mini- 
mum of  fatigue.    Those  who  took  this  trip  were  especially  interested 
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in  the  Rowand-Wetherill  magnetic  separator  treating  an  ore  con- 
taining zinc  and  lead.  Those  of  the  party  who  did  not  go  to  Hanover 
visited  the  workings  of  the  Chino  mine  and  also  the  large  preliminary 
crushing  plant  at  the  mine,  but  all  foregathered  at  Santa  Rita  about 
noon  to  view  the  "Chino  Bar  for  Ladies  and  Gentlemen"  and  the  inter- 
esting relics  of  ancient  Spanish  mining,  and  to  listen  to  the  music  pro- 
vided by  the  excellent  band  of  the  Eleventh  U.  S.  Cavalry.  The  tennis 
courts  uf  the  Chmo  Copper  Co.  had  been  covered  by  a  large  tent  deco- 
rated with  bunting  and  laid  with  tables  for  200  guests.  Here  a  splendid 
barbecue  was  enjoyed  by  the  visitors.  The  party  then  had  the  option 
of  going  either  by  automobile  or  by  the  special  train  to  Hurley,  where 
is  located  the  mill  of  the  Chino  company,  giving  the  party  its  first  view 
of  flotation  work  on  a  large  scale,  as  well  as  an  opportunity  to  see  tailing 
dams  constructed  to  conserve  both  the  waste  water  and  the  taiUngs 


Fig.  2. — Scene  of  the  Barbecue  at  Santa  Rita,  N.  M. 

which  are  to  be  subsequently  treated  in  a  flotation  plant  now  being 
constructed. 

A  splendid  dancing  pavilion  had  been  erected  next  to  the  tennis  courts 
at  Hurley,  and  after  dinner  many  members  of  the  party  enjoyed  dancing 
to  the  music  of  the  Eleventh  U.  S.  Cavalry  band.  The  first  day  of  the 
meeting  closed  leaving  an  impression  in  the  minds  of  all  that  it  would  be 
very  d&cult  to  exceed  the  interest  and  pleasure  that  had  been  afforded. 

Tuesday  morning,  Sept.  19,  the  Institute  special  train  of  13  cars 
arrived  at  Douglas  and  was  greeted  by  the  Sixth  U.  S.  Artillery  band 
and  another  fleet  of  automobiles  waiting  to  take  the  party  to  the  Copper 
Queen  smeltery.  Some  members  took  advantage  of  this  opportunity 
and  others  went  by  the  Institute  special  train,  which  was  carried  over 
the  company's  tracks  and  waited  at  the  smeltery  until  the  party  had 
finished  its  visit  there  and  then  carried  all  the  visitors  to  the  plant  of  the 
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Calumet  and  Arizona  Co.  All  members  of  the  party  were  particularly 
struck  by  the  cleanliness  of  these  smelters,  as  evidence  of  which  may  be 
mentioned  that  a  buffet  luncheon  was  served  under  the  dust  chambers 
of  the  Calumet  and  Arizona  plant.  After  luncheon  the  party  was  carried 
by  train  to  the  Y.  M.  C.  A.  building,  where  a  technical  session  was  held 
on  the  subject  of  "Smelting."  The  ladies  were  entertained  by  an  auto- 
mobile ride  and  tea  at  the  residence  of  Mrs.  Forest  Rutherford.  In  the 
evening  the  second  technical  session,  on  the  subject  of  "Leaching," 
was  held,  and  the  ladies  were  entertained  with  dancing  and  a  band  concert 
at  the  Country  Club.  It  is  interesting  to  note  that,  in  spite  of  the  other 
attractions,  the  attendance  at  the  technical  sessions  was  invariably 
large,  there  being  175  persons  at  the  opening  session  and  150  persons  at 
the  evening  session. 


Fig.  3. — Showing  the   Dust  Bins  op  the    Calumet  and  Arizona    Company, 
Douglas,  Ariz.,  under  Which  a  Buppet  Luncheon  was  Served. 

The  30  miles  to  the  Warren  District  were  made  at  night  and  the 
special  train  arrived  at  Lowell  in  the  morning,  where  the  members  were 
given  a  choice  of  four  different  trips,  viz.:  (1)  Underground  inspection  of 
the  Calumet  and  Arizona  Mining  Co.'s  Junction  shaft  and  thence  to  the 
Briggs  mine  and  the  Tintown  vein;  (2)  Neptune  tunnel  of  the  Copper 
Queen  Mine;  (3)  the  Sacramento  main  shaft  or  (4)  a  surface  trip,  including 
the  hoisting  plant  of  the  Sacramento  shaft,  the  surface  ore-loading  plant, 
the  central  power  house,  the  central  tool-sharpening  plant  and  the  cen- 
tral sawmill  of  the  Copper  Queen,  the  OHver  power  plant  and  the  Junction 
power  plant  of  the  Calumet  and  Arizona,  together  with  the  underground 
pumping  stations  of  the  latter  company,  which  handles  the  water  from 
all  the  mines  of  the  district. 

In  the  afternoon  a  technical  session  on  "Geology  and  Mining"  was 
held  in  the  main  auditorium  of  the  high  school,  there,  being  about  300 
persons  present.  The  ladies  were  entertained  at  luncheon  at  the  Copper 
Queen  Hotel.     After  a  brief  period  for  rest,  the  members  of  the  [party 
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were  taken  to  the  Warren  District  Country  Club.  Adjacent  to  this 
club  is  Camp  John  C.  Greenway  of  the  Twenty-second  Regiment  of 
U.  S.  Infantry  and  the  District  of  Columbia  imlitia.  This  regiment 
gave  a  dress  parade  in  honor  of  the  Institute  party,  affording  a  beautiful 
sight  at  the  mo.uth  of  the  Canyon  overiooking  the  broad  San  Pedro 
Valley  as  the  sim  sank  behind  the  distant  mountains.  This  was  followed 
by  a  banquet  at  the  Coimtry  Club,  attended  by  280  persons.  This 
banquet  was  a  truly  memorable  occasion  and  reminded  those  members 
who  were  with  the  Institute  party  at  the  stop  in  Arizona  in  the  year  1899 
of  the  extraordinary  entertainment  afforded  them  on  that  occasion.* 
The  food  had  to  be  brought  by  automobile  from  Bisbee,  but  was  served 
in  perfect  condition  notwithstanding  that  the  number  of  persons  greatly 
exceeded  the  expectations  of  the  Local  Committee  and  equally  over- 
taxed the  facilities  of  the  Club. 

PhiUp  N.  Moore,  Vice-President  of  the  Institute,  acted  as  toast- 
master  and  the  following  toasts  were  responded  to  by  the  speakers 
indicated: 

"Welcome  to  Arizona,"  C.  T.  Knapp. 

"Arizona,  Old  and  New,"  L.  D.  Ricketts. 

"Arizona  Present,"  Walter  Douglas. 

"The  American  Mining  Congress,"  Cari  Scholz.. 

"Why  We  Are  Here,"  Colonel  Tillson. 

"Ave  et  Vale,"  John  Mason  Ross. 


Fig. 


4. — The  Inspiration  Concentrator  with  the  International  Smelting 
Plant  in  Background. 


The  special  train  met  the  party  at  a  near-by'^junction  andjto  the 
other  13  cars  was  now  added  the  private  car  "Nacozari"  of  Mr.  Walter 
Douglas.     The  train  proceeded  by  night  to  Globe,  Ariz.     Here,  on  Thurs- 


♦Described  in  Trans.,  vol.  29,  p.  Ixxxviii. 
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day  morning,  Sept.  21,  automobiles  were  in  waiting  to  convey  the  party 
to  the  Old  Dominion  Copper  Mining  and  Smelting  Go's  works,  where 
members  had  an  opportunity  to  see  the  basic  converter  which  had  already 
been  described  by  L.  O.  Howard  and  in  which  70,000,000  lb.  of  copper 
had  been  made  without  relining.  In  the  afternoon  a  technical  session 
was  held  at  the  Martin  theater  on  the  subject  of  "Concentration  and 
Flotation, "  attended  by  about  200  persons,  while  the  ladies  were  enter- 
tained at  the  Cobre  VaUe  Coimtry  Club.  The  session  was  followed  by  a 
meeting  of  Secretaries  of  Local  Sections,  of  whom  nine  were  present.  The 
Board  of  Directors  met  at  dinner  at  the  Old  Dominion  Hotel,  and  a 
technical  session  on  the  subject  of  '' Mining"  was  held  later  at  the  Martin 
Theater,  at  which  220  persons  were  present. 

On  Friday  morning,  Sept.  22,  the  special  train  conveyed  some  of 
the  party,  and  others  went  in  automobiles,  to  the  mine  of  the  Inspiration 
Consolidated  Copper  Co.  and  the  reduction  works  of  the  International 
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Fig.  5. — Plant  of  the  International  Smelting  Co.,  Miajci,  Abiz. 

Smelting  Co.  This  occasion  was  the  greatest  technical  visit  of  the 
meeting.  The  plants  have  been  so  well  described  already  in  our  Trans- 
actions that  further  comment  is  unnecessary  here.  To  the  adnoirable 
arrangements^of  the  Local  Committee  is  due  the  fact  that  ample  oppK)rtu- 
nity  was  given  to  take  in  the  many  different  points  of  interest  in  the 
very  limited  time  available.  An  abundant  supply  of  automobiles  was 
available  at  all  times  to  facilitate  the  handling  of  the  party,  while  the 
special  train  took  care  of  the  main  group.  After  the  morning  spent  at 
the  Inspiration  and  International  plants,  the  visitors  were  taken  to  the 
mine  and  mill  of  the  Miami  Copper  Co.,  where  an  excellent  buffet  limch- 
eon  was  served  at  the  Club  House,  followed  by  a  visit  to  the  plants. 
The  company  has  good  reason  to  be  proud  of  the  fine  dub  house  provided 
for  its  employees,  and  the  Institute  party  has  equally  reason  to  congratu- 
late itself  upon  having  so  comfortable  a  place  for  luncheon  and  for  the 
technical  session  on  "Fine  Grinding,"  which  occurred  at  4:00  p.  m.  This 
session  was  attended  by  160  persons  who  carried  on  so  lively  a  discussion 
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that  the'Chairman  was  obliged  to  cut  it  short  in  order  that  the  members 
might  take  the  special  train  for  Globe,  which  left  at  5:30  p.  m. 

While  the  men  were  inspecting  the  mine  and  mill  and  attending 
the  technical  session,  the  lacUes  were  entertained  at  the  bowling  alleys 
of  the  club  house  and  were  then  given  an  opportunity  to  swim  in  tne  crys- 
tal-like swimming  pool. 

At  7:30  p.  m.  more  than  200  members  and  guests  assembled  in  the 
auditorium  of  the  Globe  high  school  for  the  final  banquet  of  the  meeting. 
Sidney  J.  Jennings,  First  Vice-President  of  the  Institute,  acted  as  toast- 
master  and  toasts  were  responded  to  as  follows: 

"Safety  First,"  John  E.  Bacon. 

"The  Growth  of  the  Globe  District,"  L.  D.  Ricketts. 

"Why  the  Young  Engineer  Should  Join  the  Institute,"  E.  P.  Mathewson. 

"The  Utilisation  of  Waste  Products,"  F.  G.  Cottrell. 

The  meeting  resolved  itself  into  a  spontaneous  tribute  to  President 
Ricketts.    His  address  as  reported  by  the  local  paper  follows: 

"While  copper  and  silver  in  the  Globe  District  mav  have  been  known  at  an 
earlier  date,  the  earliest  actual  records  show  that  the  Globe  and  Globe  Ledge  claims 
were  located  as  silver  mines  in  1873.  They  were  not  worked,  however,  and  in  1875 
some  rich  silver  mines  were  discovered,  the  Globe  District  was  organized,  and  silver 
ores  were  milled  and  silver  bullion  shipped. 

"The  first  copper  was  produced  at  Wheatfields  from  ore  from  the  Hoosier  claim, 
which  was  smelted  in  Mexican  adobe  furnaces  in  1878.  The  campaign  was  but  a 
short  one,  and  some  40  tons  of  black  copper  pigs  was  the  result.  A  fittle  later  on 
Mr.  John  Williams,  Sr.,  worked  the  Carrie  mine  and  smelter.  His  ore  was  a  quartz- 
ite  containing  6  per  cent,  copper  and  little  or  no  iron.  It  is  said  that  he  purchased 
his  flux  from  the  big  iron  outcrop  on  the  Globe  claim,  and  that  he  made  a  profit. 
Incidentally  it  is  said  that  the  only  impurity  in  the  hematite  was  oxide  of  copper  to 
the  extent  of  about  25  per  cent. 

"This,  it  is  said,  was  the  discovery  of  the  first  important  orebody  in  the  district. 
This  and  other  mining  claims,  consolidated  into  what  is  now  known  as  the  Old 
Dominion,  were  bought  by  Baltimore  and  Boston  people  and  worked  quite  extensively 
considering  the  fact  that  the  coke  had  to  be  brought  in  from  Willcox,  140  miles  distant, 
in  wagons,  and  the  black  copper  pigs  had  to  be  hauled  back. 

"  My  nrst  visit  to  the  camp  was  in  1890,  when  Mr.  Douglas  began  the  purchase 
of  claims  which  later  formed  the  United  Globe  Mines.  At  this  time  Professor  Walker 
was  superintendent  of  the  Old  Dominion  mine.  A  little  later  some  rich  and  ver^r 
siliceous  and  aluminous  ores  were  found  in  the  region  near  what  is  now  the  Miami 
camp.  The  Black  Warrior  shipped  rich  chrysocolla  ore  to  the  Old  Dominion  smelter 
in  1895,  and  later  the  Keystone  and  Live  Oak,  which  were  located  in  about  1897, 
began  to  ship  even  more  siliceous  material  to  the  same  works. 

"The  rauway  from  Bowie,  several  years  in  building,  reached  Globe  in  the  latter 
part  of  1898. 

"In  1903  the  Old  Dominion  Copper  Mining  &  Smelting  Co.  of  New  Jersey  was 
practically  bankrupt.  The  Old  Dominion  Copper  Mining  &  Smelting  Co.  of  Maine 
was  formed,  and  acquired  most  of  the  stock  of  the  New  Jersey  company  and  all  of 
the  stock  of  the  Umted  Globe  Mines.  In  exchange  for  the  latter  stock,  and  with 
treasury  stock  bought  for  cash,  gentlemen  associated  with  Phelps,  Dodge  &  Co. 
took  control.  A  more  liberal  policv  was  adopted,  profits  for  the  time  being  were  put 
back  into  the  mine  and  works,  and  in  four  years^  time  the  stock  rose  from  less  than 
$5  to  over  $60  per  share.  Ever  since  that  time  this  mine  has  been  prosperous  and 
profitable,  and  m  your  visit  you  noticed  the  splendid  shape  it  is  in  and  the  great 
ability  of  the  management. 

"Returning  to  the  new  district  near  Miami,  in  1903  and  1904,  Mr.  Coplen,  in 
behalf  of  himself  and  others,  bonded  and  purchased  a  few  mining  claims  which  became 
the  beginning  of  the  Inspiration  group,  and  he  opened  up  a  small  block  of  lean  dis- 
seminated ore.  In  1907.  Mr.  J.  Parke  Channing  bonded  the  Miami  group  of  claims, 
and  developed  for  himself  and  his  principals  the  great  Miami  mine. 

"Shortly  after,  others  purchased  the  Coplen  property  and  many  other  claims  and 
formed  it  into  the  Inspiration  Copper  Co.  and  started  development  on  a  considerable 
scale.     Hovland  and  Smith  also  took  over  the  Live  Oak  group  of  claims  and  Uke- 
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wise  began  development,  while  parties  affiliated  with  the  Miami  shareholders  took 
over  the  Keystone  group.  The  Miami  company,  after  developing  their  mine,  under- 
took the  construction  of  their  splendid  plant,  which  up  to  that  date  excelled  anything 
that  had  ever  been  built.  As  it  was  necessary  for  them  to  sell  their  concentrates  they 
made  a  long-time  contract  with  Cananea  on  very  favorable  terms.  A  little  later, 
in  1911  as  I  recall  it,  the  International  Smelting  &  Refining  Co.  closed  a  long-time 
contract  for  Inspiration  concentrates,  and  later  on  interests  affiliated  with  this  com- 
pany purchased  the  Live  Oak  group  and  consolidated  with  the  Inspiration  Copper 
Co.  into  what  is  known  as  Inspiration  Consolidated  Copper  Co.  This  consolida- 
tion occurred  in  March,  1912,  and  Mr.  C.  E.  MiUs  acceptea  the  management  of  the 
property. 

^' At  first  it  was  planned  to  use  gravity  concentration,  and  construction  was  begun 
on  a  building  designed  for  that  profeess. .  Late  in  1912,  however.  Dr.  Gregory  of  the 
Mineral  Separations  company  advised  us  that  his  firm  had  had  splendid  results  on 
our  ore  in  their  laboratory  by  flotation.  It  was  therefore  arranged  that  he  was  to 
send  us  a  60-ton  machine  to  Inspiration.  Dr.  Gahl's  most  able  paper  tells  the  rest 
of  the  flotation  story. 

"After  taking  the  two  long-term  contracts  from  Miami  and  Inspiration,  it  became 
evident  to  the  companies  interested  that  the  high  freight  rates  to  Cananea  made  it 


FiQ.  6. — Roosevelt  Dam  from  Above. 

desirable,  and  the  International  smelter  now  in  operation  at  Miami  was  decided  upon 
and  built. 

"In  10  short  years  the  output  of  the  Globe  district  has  sprung  from  about  30,- 
000,000  lb.  of  copper  a  year  to  about  230,000,000  lb.  a  year,  and  the  works  you  have 
seen  today  have  been  put  in  operation. 

"In  closing  this  history,  gentlemen,  I  cannot  help  telling  an  anecdote.  Both  Mills 
and  I  once  worked  for  Phelps,  Dodge  &  Co.  for  many  years.  For  some  reason  many 
believe  that  I  still  work  for  them,  though  I  left  those  good  friends  10  years  ago.  Today 
I  met  a  gentleman  who  knew  us  both  in  the  old  days  and  we  were  looking  over  the 
splendid  work  at  Inspiration,  when  he  said,  'What  I  can't  understand  is,  how  did 
you  let  Mills  get  away  from  you?'  Gentlemen,  I  had  not  overlooked  a  bet.  Refer- 
ring to  the  puns  of  a  newspaper  cartoonist,  1  had  early  felt  that  Mr.  Mills  was 
indubitably  to  be  the  *spir'  in  Inspiration.. 

"And  now,  gentlemen,  our  tnp  is  wellnigh  over.  We  have  seen  all  of  the  black 
copper  pigs  we  are  going  to  see,  and  I  feel  sure  you  feel  satisfied  and  rewarded  for 
your  long,  arduous  trip.  In  leaving  Globe,  therefore,  I  feel  that  it  is  in  order  and 
fitting  that  I.  as  your  president,  should  tender  our  thanks  to  our  hosts,  the  executive 
committee,  tne  local  committees,  and  the  individual  members  of  the  Arizona  Section, 
which  covers,  I  understand,  New  Mexico  and  El  Paso  members." 
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At  an  early  hour  on  Saturday  morning,  Sept.  23,  the  Institute  party 
started  in  automobiles  over  the  famous  Apache  Trail,  which  leads  for 
about  50  miles  over  the  plains  to  the  Roosevelt  Dam,  passing  en  route 
cliff  dwellings  which  can  be  plainly  seen  from  the  road.  From  the 
Roosevelt  Dam,  which  was  an  object  of  considerable  interest  to  all  the 
engineers,  to  the  City  of  Phoenix,  a  distance  of  about  70  miles,  the  road 
travels  along  the  gorge  of  the  Salt  River  and  then  ascends  to  a  mesa 
through  heavily  eroded  gorges  which  form  some  of  the  most  spectacular 
scenery  in  Arizona.  The  road  itself  is  a  real  engineering  feat,  having 
been  built  by  the  Government  for  the  purpose  of  carrying  in  supplies  for 
the  building  of  the  Roosevelt  Dam.  As  the  party  emerged  from  the 
mountains  and  came  out  into  the  Western  Plain  with  the  sun  approaching 
the  horizon,  the  scenery  was  indescribably  beautiful. 

Several  hours  were  spent  in  Phoenix  visiting  with  local  members 
and  partaking  of  a  dinner  which  had  been  arranged  for  the  visitors. 
The  special  train  had  been  brought  around  by  rail  and  late  in  the  evening 
the  party  started  for  the  Grand  Canyon,  where  all  arrived  several  hours 
late,  but  still  very  happy,  early  Sunday  afternoon.  The  remainder  of 
Sunday  and  Monday  were  spent  visiting  different  points  on  the  rim  or  on 
the  trip  down  the  Canyon.  The  party  was  now  considerably  diminished 
in  number,  various  members  having  left  for  different  points  of  the  com- 
pass, so  that  only  three  special  cars  departed  for  the  East  on  Monday 
night.  Owing  to  a  derailment  to  the  west  of  WilUams,  the  cars  were  held 
at  that  town  until  early  Tuesday  afternoon,  but  the  waiting  time  was 
spent  in  an  exciting  game  of  baseball,  and  no  one  seemed  to  regret  delay- 
ing the  time  for  bringing  to  a  close  the  113th  Meeting  of  the  Institute. 

The  following  members  and  guests  registered  at  different  points 
during  the  meeting,  but  the  Ust  is  known  to  be  inc6mplete  as  a  good 
many  attended  different  functions  without  registering: 


L.  M.  Allen,  Globe,  Ariz. 
R.  S.  Allen.  Globe,  Ariz. 
Mb8.  R.  S.  Allen,  Globe,  Ariz. 
J.  Owen  Ambler,  Douglas,  Ariz. 
J.  J.  Ambrose,  H^den,  Ariz. 

F.  T.  Anderson,  El  Paso,  Tex. 
C.  E.  Arnold,  Miami,  Ariz. 
Fbank  Atbr,  Miami.  Ariz. 

PuRCT  E.  BARBorR.  New  York,  N.  Y. 
I.  H.  Barkdoll,  Globe,  Ariz. 
Mrs.  I.  H.  Barkdoll,  Globe,  Ariz. 
George  D.  Barron,  Rye,  N.  Y. 
Mrs.  George  D.  Barron,  Rye,  N.  Y. 
P.  G.  Beckett,  Globe,  Ariz. 
A.  D.  Beers,  New  York,  N.  Y. 
Fred  Belt.  Superior,  Ariz. 
AiiLBN  T.  Bird,  Nogales,  Ariz. 

G.  N.  Bjorge,  Globe,  Ariz. 
L.  A.  Blackner,  Ray,  Ariz. 

F.  C.  Blickensderfer,  Morenci,  Ariz. 
A.  L.  Bloomfield,  Denver,  Colo. 
W.  B.  Boggs,  New  York,  N.  Y. 
Mrs.  M.  Bookman,  St.  Louis,  Mo. 
H.  P.  BowBN,  Miami,  Ariz. 
Mrs.  H.  p.  Bowen,  Miami,  Ariz. 
R.  R.  BoTD,  Globe,  Ariz. 
M.  L.  Bradt,  Saginaw,  Mich. 
8.  D.  Bridge,  Comfort,  Tex. 
C.  J.  Briggs,  El  Paso,  Tex. 


J.  F.  Brown,  Goldfield,  Nev. 
W.  C.  Browning,  Superior,  Ariz. 

D.  W.  Brunton,  Denver,  Colo. 
H.  A.  Buehler,  Rolla.  Mo. 
Edward  E.  Bugbee,  Boston,  Mass. 
W.  Burns,  Morenci,  Ariz. 

A.  B.  Calhoun,  Globe,  Ariz. 
K.  P.  Campbell,  Sasco,  Ariz. 
Norman  Carmichael,  Clifton,  Ariz. 
Charles  A.  Chase,  Denver^  Colo. 
Will  L.  Clark,  Jerome.  Anz. 
W.  M.  Claypool^  Needles,  Cal. 
Ben  H.  Codt,  Clifton,  Ariz. 
Carl  H.  Cole,^ Douglas,^ Ariz. 
David  Cole,  El  Paso,  Tex. 
Mrs.  David  Cole,  El  Paso,  Tex. 
G.  M.  CoLVocoRESSESjIIumboldt,  Ariz. 
H.  Cooper,  El  Paso,  Tex. 
F.  G.  CoTTRELL,  Washington,  D.  C. 
W.  B.  Cramer,  Globe,  Ariz. 
Arthur  Crowfoot,  Morenci,  Ariz. 
Joseph  F.  Cullen,  Mid  vale,  Utah. 
Arthur  C.  Daman,  Denver,  Colo. 
S.  H.  Davis,  Joplin,  Mo. 

E.  G.  Dbane,  Miami,  Ariz. 
George  C.  Dewey,  Selby,  Cal. 
R.  H.  Dickson,  Warren,  Ariz. 
Albert  Doerr,  South4pasadena,  Cal. 
KuNO  DoERR,  El  Paso,  Tex. 
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8.  G.  Dolman,  Ray,  Aris. 
Thos.  F.  Donnelly,  Tucson,  Aria. 
Walteb  Douglas,  Bisbee,  Aris. 
W.  M.  Drurt,  El  Paso,  Tex. 
R.  G.  DuFouROQ.  El  Paso^  Tex. 
H.  8.  Duncan,  Globe,  Ana. 
H.  F.  DuRKB,  El  Paso,  Tex. 

A.  V.  Dtb,  Douglas,  Aria. 
Howard  Egkfeldt,  S.  Bethlehem,  Pa. 
J.  A.  Edb,  La  Salle,  111. 

Karl  Eilers,  New  York,  N.  Y. 
M.  J.  Elsinq,  Cananea,  Son.,  Mex. 
Mrs.  M.  J.  Elsinq.  Cananea,  Son.,  Mex. 
M.  Elbassbr,  Los  Angeles,  Cfal. 
C.  T.  Emrich,  Globe,  Aris. 
Mrs.  C.  T.  Emrich,  Globe,  Aris. 

E.  N.  Engblhardt,  Oakland,  Cal. 
I.  E.  Ettinoer,  Superior,  Ans. 
Robert  Faulkner,  Lebanon,  Pa. 
FIbrct  LeR.  Fbarn,  New  York,  N.  Y. 
Lbon  F^ugbAre,  Warren,  Aris. 
Siegfried  Fischbr,  Jr.,  Golden,  Colo. 
H.  A.  Fitch,  Kansas  City,  Mo. 

F.  N.  Fltnn,  Clifton,  Ans. 
J.  G.  Fltnn,  Miami,  Aris. 

Paul  R.  Forbes,  New  York^  N.  Y. 

Robert  Franke,  Miami,  Ans. 

W.  E.  Gaby,  Butte,  Mont. 

Rudolf  Gahl,  Miami,  Aris. 

Mrs.  Rudolf  Gahl,  Miami,  Aris. 

W.  I.  Garms,  Hayden,  Aris. 

W.  F.  Geioer,  Nliami.  Aris. 

R.  J.  Glendinning,  Salt  Lake  City,  Utah. 

W.  B.  GoHRiNG,  Warren.  Aris. 

C.  .W.  GooDALE,  Buite,  Mont. 

William  D.  Gordon,  El  Paso,  Tex. 

B.  Britton  Gottsbbrqer,  Miami,  Aris. 
Mrs.  B.  Britton  Gottsberger,  Miami, 

Aris. 

C.  A.  Grabill,  El  Paso,  Tex. 
J.  C.  Grbenwat,  Warren,  Aris. 
Alden  D.  Groff,  New  York,  N.  Y. 
Walter  Gross,  Perth  Amboy,  N.  J. 
Justice  Grugan,  Edwards,  N.  Y. 
R.  Dawson  Hall,  New  York,  N.  Y. 
W.  8.  Hall,  Miami,  Aris. 

Herbert  E.  Hambleton.  El  Paso,  Tex. 
Jambs  W.  Hamblbton,  El.  Paso,  Tex. 
A.  M.  Hamilton,  Sasco,  Aris. 
A.  M.  L.  Hamilton,  Sasco,  Aris. 
H.  T.  Hamilton,  Nacosari,  Mex. 
H.  O.  Hammond,  Douglas,  Aris. 
R.  S.  Handy,  Kellogg,  Idaho. 
A.  B.  Hardie,  Philadelphia,  Pa. 
E.  Harms,  Torreon,  Mex. 
Walter  Harris,  Globe,  Aris. 
Ruobr  W.  Hat,  Warren,  Aris. 
Justin  H.  Hatnbs,  Denver,  Colo. 
Stewart   Hazel  wood,   San   Francisco, 

Cal. 
J  AS.  L.  Head,  Warren,  Aris. 
Miss  C.  Hegeler,  Danville,  111. 
Edward  C.  Hegeler,  Danville,  III. 
Mrs.  Edward  C.  Hegeler,  Danville,  111. 
Julius  W.  Hegeler,  Danville,  111. 
Murray  Hendrix,  Miami,  Ans. 


J.  H.  Henslet,  Jr.,  Miami,  Aris. 

E.  C.  Hickman,  East  Helena,  Mont. 
F<  G.  Hills,  Leadville,  Colo. 

F.  W.  Hoar,  Globe,  Aiis. 

E.  N.  Hobart,  Noeales,  Aris. 
J.  P.  Hodgson,  Bisoee.  Aris. 

C.  E.  Hoqub.  Globe,  Aris. 
Mrs.  C.  E.  Hogue,  Globe,  Aris. 
L.  O.  Howard,  Globe,  Aris. 

M.  R.  Hull,  Clifton,  Aris. 

H.  D.  Hunt, 

Mrs.  H.  D.  Hunt, 

Alexander  Imhoff,  Los  Angeles,  Cal. 

T.  H.  Jenks,  Wickenburg.  Aiis. 

8.  J.  Jennings,  New  York,  N.  Y. 

Mrs.  S.  J.  Jennings,  New  York,  N.  Y. 

Miss  Amt  8.  Jennings,  New  York,  N.  Y. 

Miss  Mart  A.  Jennings,   New   York, 

N.  Y. 
Frank  E.  Johnson,  Salt  Lake  City^  Utah. 
William  Stricklbr  Jones,  Atlantic  City, 

N.J. 
Ira  B.  Joralemon.  Warren,  Aris. 

D.  N.  Kat,  Ray,  Aris. 

G.  W.  Kats,  Kmgman,  Aris. 
R.  W.  Kbrns,  Warren,  Aris. 

8.  J.  KiDpER,  Mogollon,  New  Mex. 
R.  B.  T.  KiLiANi,  New  York,  N.  Y. 
K.  L.  KiTHiL,  Tucson,  Aris. 
Edward  H.  Koenig,  Perth  Amboy,  N.  J. 

A.  8.  KoNSELMAN,  Cananea,  Mex. 
J.  Kruttschnitt,  Jr.,  Tucson,  Aiis. 
O.  M.  Kuchs,  Tooele,  Utah. 

C.  R.  KuzELL,  Anaconda,  Mont. 
John  Langton,  New  York,  N.  Y. 

E.  H.  Laws,  Salida,  Colo. 
C.  Legrand,  Douglas,  Aris. 
S.  H.  Levison,  Hayden,  Aris. 
W.  W.  LoGUE,  Haydeuj  Aris. 

B.  M.  McAteb,  Miami,  Aris. 
Alan  F.  McCormick,  El  Paso,  Tex. 
W.  E.  McCouRT,  St.  Louis,  Mo. 
Geo.  T.  McGee,  Helena,  Mont. 

A.  G.  McGregor,  Bisbee,  Aris. 
P.  M.  McHuGH,  Denver.  Colo. 
R.  McIntosh,  Lake  Linden,  Mich. 
Mrs.  R.  McIntosh,  Lake  Linden,  Mich. 
Will  E.  McKeb,  Bisbee,  Aris. 
William  T.  MacDonald,  Hayden,  Arii. 

F.  W.  Maclbnnan,  Miami,  Aris. 
J.  F.  Manning,  Holkol,  Korea. 
E.  R.  Marble,  Hayden,  Aris. 
Emort  M.  Marshall,  Globe.  Aris. 
Mrs.  Emort  Marshall,  Globe,  Axis. 
E.  P.  Mathewbon,  Anaconda,  Mont. 
Mrs.    E.    p.    Mathewson,    Anaconda 

Mont, 

E.  V.  Matlack.  Webster  Grove,Mo. 
Ellwood   V.    Matlack,   Jr.,    Webster 

Grove,  Mo. 
M.  S.  Mas  ANT,  Miami,  Aris. 
A.  H.  Means,  Tucson,  Aris. 
H.  I.  Merricks,  Miami,  Aris. 

C.  W.  Merrill,  San  Francisco,  CaL 
Mrs.  C.  W.  Merrill,  San  Francisco,  Cal. 

F.  J.  H.  Merrill,  Los  Angeles,  CaL 
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C.  E.  Mills,  Globe^  Ariz. 
Edwin  W.  Mills,  Holkol,  Korea. 
Charles  A.  Mitkb,  Bisbee,  Arii. 
Philip  N.  Moobb,  St.  Louis,  Mo. 
H.  W.  MoRSB,  Los  Angeles,  Cal. 
McHenbt  MosiER,  Bisbee,  Ariz. 
P.  A.  MosMAN,  New  York,  N.  Y. 
Seblet  W.  Mudd,  Los  Angeles,  Cal. 
H.  T.  MxTRRAY,  Hayden,  Ariz. 
R.  T.  MuBRiLL,  Flat  River,  Mo. 
Henrt  W.  Nichols,  Chicago,  111. 
H.  L.  Norton,  Globe,  Ariz. 
Arthur  Notman.  Bisbee,  Ariz. 
T.  H.  O'Brien,  Dawson,  N.  Mex. 
J.  J.  Ormsbeb,  El  Paso,  Tex. 
H.  D.  Pallister,  El  Paso.  Tex. 
J.  H.  Payne,  New  York,  N.  Y. 
Mrs.  J.  H.  Payne,  New  York,  N.  Y. 

E.  F.  Pelton,  Tyrone,  N.  Mex. 
Basil  Prescott,  El  Paso,  Tex. 
R.  J.  Pritghard,  Miami,  Ariz. 
William  J.  Qihgly,  El  Paso,  Tex. 

O.  C.  Rauston,  Salt  Lake  City,  Utah. 

F.  L.  Ransomb,  Salt  Lake  City,  Utah. 
Stuart  L.  Rawlings,  San  Francisco,  Cal. 
William  H.  Rea,  Pittsburgh,  Pa. 
Mrs.  Wm.  H.  Rea,  Pittsburgh,  Pa., 
Miss  Rea,  Pittsburgh,  Pa. 

E.  E.  Reybr,  El  Paso,  Tex. 

C.  E.  Rhodes,  Pasadena,  Cal. 

Miss  Marion  Rice,  Schenectady,  N.  Y. 

Walter  A.  Richelsen,  Cananea,  Sonora, 

Mex. 
L.  D.  RiCKETTS,  Warren,  Ariz. 
Mrs.  L.  D.  Ricketts,  Warren,  Ariz. 
Ezra  B.  Rider,  Bisbee,  Ariz. 

A.  E.  Ring,  Flat  River,  Mo. 

J.  F.  Robertson,  Coniston,  Ont. 
Burr  A.  Robinson,  New  York,  N.  Y. 
E.  M.  Robinson,  So.  Bethlehem,  Pa. 
Clyde  P.  Ross,  Globe,  Ariz. 

E.  W.  Rouse,  Bidtimore,  Md. 

G.  H.  RuGOLES,  Miami^  Ariz. 
J.  P.  RuMiNAPP,  Miami,  Ariz. 

B.  E.  Russell,  Ray,  Ariz. 

F.  Rutherford,  Douglas,  Ariz. 
E.  M.  Sawyer,  Tyrone,  N.  M. 
Francis  S.  Schimbrka,  Clifton.  Ariz. 
Walter  A.  Schmidt,  Los  Angeles,  Cal. 
Carl  Scholz,  Chicago,  HI. 

C.  D.  SCHULTZ, 

W.  Schumacher,  El  Paso,  Tex. 


Mortimer  A.  Sears,  %anta  Fe,  New 

Mex. 
Gerald  Sherman,  Bisbee,  Ariz. 
L.  B.  Shipley,  New  York,  N.  Y. 
Alex  Sibbald,  Globe,  Ariz. 
H.  R.  Simpson,  Los  Angeles,  Cal. 
K.  M.  Simpson,  Los  Angeles,  Cal. 
Howard  D.  Smith,  San  Francisco,  Cal. 

E.  G.  Snbdaker,  Goldfield,  Nev. 

F.  W.  Solomon,  Miami,  Ariz. 

P.  G.  Spilsbury,  New  York,  N.  Y. 
E.  M.  Steele,  Hayden,  Ariz. 
P.  A.  Steger,  Miami,  Ariz. 
Paul  Stein,  El  Paso,  Tex. 
Paul  Sterling,  Wilkes*Barre,  Pa. 
E.  D.  Stewart,  El  Paso,  Tex. 
Bradley  Stoughton,  New  York,  N.  Y. 
Mrs.  Bradley  Stoughton,  New  York, 

N.  Y. 
Roger  Strobel,  East  Helena,  Mont.    . 
WiLMER  C.  SwARTLEY,  Philadelphia,  Pa. 
W.  S.  Sultan,  Globe,  Ariz. 
John  C.  Taylor,  Denver.  Colo. 
Knox  Taylor,  High  Brioge,  N.  J. 
RoscoE  Teats,  Tacoma,  Wai^h. 

B.  B.  Thayer,  New  York^  N.  Y. 
O.  J.  TuscHKA,  Globe,  Anz. 
Mrs.  O.  J.  TuscHKA,  Globe,  Ariz. 

G.  D.  Van  Arsdalb,  New  York,  N.  Y. 
R.  E.  ViNiNG,  Perth  Amboy,  N.  J. 
John  D.  Wanvig,  Golconda,  Ariz. 
Harry  S.  Ware,  Anaconda,  Mont. 

J.  H.  Watkins,  Washington,  D.  C. 
Arthur  P.  Watt.  St.  Francois,  Mo. 
A.  J.  Weinig,  Telluride,  Colo. 
Harry  V.  Welch,  Los  Angeles,  Cal. 
George  H.  West,  Globe,  Ariz. 
J.  R.  Wester,  Morenci,  Ariz. 
Charles  H.  White,  Cambridge,  Mass. 
J.  L.  White,  Humboldt,  Ariz. 
H..  E.  Williams,  Calumet,  Mich. 
Mrs.  H.  E.  Williams,  Calumet,  Mich. 
J.  S.  Williams,  Nacozari,  Mex. 
Bailey  Willis,  Stanford  Univ.j  Cal. 
Philip  D.  Wilson,  Warren,  Anz. 
Philip  Wiseman,  Los  Angeles,  Cal. 
Mrs.  Phiup  Wiseman,  Los  Angeles,  Cal. 

C.  L.  WoLPLE,  El  Paso,  Tex. 
J.  R.  Woodul,  Mexico. 
Wm.  H.  Ybandle,  Jr. 

R.  B.  Yerxa,  Miami,  Ariz. 
H.  M.  ZiESEMER,  Bisbee,  Ariz. 


Technical  Sessions 

The  full  list  of  papers  which  were  presented  by  their  authors  or  by 
title  at  the  meeting  is  as  follows: 


Mining 

Mine  Accountinq  for  Small  Mines.    By  James  E.  Chapman. 

Automatic  Operation  op  Mine  Hoists  as  Exemplipibd  bt  the  New  Electric 

Hoists  for  the  Inspiration  Consolidated  Copper  Co.    By  H.  Kenyon 

Burch  and  M.  A.  Whiting. 
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CoMPABATTvio  FifecTioN  Tkst  OF  Two  Ttpbs  OF  CoAL  MiNE  Cabs.    By  P.  B.  liebcT- 

mann. 
Thb  Water  Problem  at  the  Old  Dominion  Mine.    By  P.  G.  Beckett. 
The  Composition  of  the  Rock  Gas  of  the  Cripple  Creek  Mining  District, 

Colorado.     By  George  A.  Burrell  and  Alfred  W.  Gauger. 
The  SoLiTTiON  of  Some  Mtdraxtlic  Mining  Problems  on  Rijbt  Creek,  British 

Columbia.     By  Chester  F.  Lee  and  T.  M.  Daulton. 
The  Rifling  of  Diamond-Drill  Cores.     By  Walter  R.  Crane. 
Method  of  Mining  Talc.     By  F.  R.  Hewitt. 

Stoping  in  the  Calumet  and  Arizona  Mines,  Bisbee,  Ariz.     By  Philip  D.  Wilson. 
Stoping  Methods  of  Miami  Copper  Co.     By  David  B.  Scott. 
Co(>PERATivE  Effort  in  Mining.     By  Joseph  P.  Hodgson. 
Diesel  Engines  versus  Steam  Turbines  for  Mine  Power  Plants.     By  Herbert 

Haas. 
Modern  Methods  of  Mining  and  Ventilating  Thick  Pitching  Beds.     By  H.  M. 

Crankshaw. 
Motor  Truck  Operation  at  Mammoth  Collins  Mine,  Shultz,  Ariz.     By  Wilbert 

G.  McBride. 
Mine  Fire  Methods  Employed  by  the  United  Verde  Copper  Co.     By  Robert 

E.  Tally. 
Cost  and  I^traction  in  the  Selection  of  a  Mining  Method.     By  C.  E.  Arnold. 
The  Illuminating  Power  of  Safety  Lamps.     By  W.  M.  Weigel. 
Power  Plant  op  Bxtrro  Mountain  Copper  Co.     By  Charles  L^rand. 
Orb-Drawing  Tests  and  the  Resulting  Mining  Method  of  Inspiration  Con- 
solidated Copper  Co.     By  G.  R.  Lehman. 
Shaft  Sinking  Through  Soft  Material.     By  Eklward  A.  Sayre. 
The  Block  Method  of  Top  Slicing  of  the  Miami  Copper  Co.     By  E.  G.  Deane. 
The  Antecedent  Mineral  Discovery  Requirement.     By  E.  D.  Gardner. 

Geology  and  Mineralogy 

Petrography  of  the  Mount  Morgan  Mine,  Queensland.     By  W.  E.  Gaby. 
Geology  of  the  Warren  Mining  District.     By  Y.  S.  Bonillas,  J.  B.  Tenney  and 
Leon  Feuchdre. 

Cyanidation 

Laboratory  Method  for  Determining  the  Capacity  of'  Slime-Settung  Tanks. 

By  H.  S.  Coe  and  G.  H.  Clevenger. 
The  Liberty  Bell  Methods  of  Precipitate  Refining.     By  A.  J.  Weinig. 
Mining  and  Milling  Practice  at  Santa  Gertbudis.    By  Hugh  Rose. 
Cyaniding  Clayey  Ore  at  the  Buckhorn  Gold  Mine.    By  Paul  R.  Cook. 

Miscellaneoiis 

Calculations  with  Reference  to  the  Use  of  Carbon  in  Modern  American 

Blast  Furnaces.    By  Henry  Phelps  Howland. 
The  Application  and  Earning  Power  of  Chemistry   in   the  Coal  Mining 

Industry.    By  Edwin  M.  Chance. 
The  System  Tungsten-Molybdenum.     By  Frank  Alfred  Fahrenwald. 
Comparisons  Between  Electrolytic  Copper  and  Two  Varieties  of  Arsenical 

Lake  Copper  with  Respect  to  Strength  and  Ductility  in  Cold- Worked 

and  Annealed  Test  Strips.    By  C.  H.  Mathewson  and  E.  M.  Th&lheimer. 
Tungsten  and  Molybdenum  EgmLiBRiUM  Diagram  and  System  of  Crystaxjjsa- 

TioN.     By  Zay  Jeffries. 

Flotation  and  Ore  Dressing 

Flotation  Concentration  at  Anaconda,  Mont.    By  Frederick  Laist  and  Albert 

E.  Wiggin. 
The  Flotation  of  Minerals.     By  Robert  J.  Anderson. 

An  Explanation  of  the  Flotation  Process.     By  A.  F.  Taggart  and  F.  E.  Beach. 
A  New  Flotation  Oil.     By  Maxwell  Adams. 


Digitized  by 


Google 


American  Institute  of  Mining  Engineers  xix 

A  New  Sodrcb  op  Flotative  Agbntb.     By  G.  H.  Clevenger. 

History  op  the  Flotation  Process  at  Inspiration.     By  Rudolf  Grahl. 

Some  Miscellaneous  Wood  Oils  por  Flotation.     By  R.  C.  Palmer,  Glenn  L. 

Allen  and  O.  C.  Ralston. 
The  Advent  op  Flotation  in  the  Clipton-Morenci  District,  Arizona.    By 

David  CJole. 
A  Combined  Hydraulic  and  Mechanical  Classipier.     By  M.  Q.  F.  S5hnlein. 
Comparative  Test  op  the  Marathon,  Chilean  and  Hardinoe  Mills.     By  F.  C. 

Blickensderfer. 
Mine  and  Mill  Plant  op  the  Inspiration  Consolidated  Copper  Co.    By  H. 

Kenyon  Burch. 

Smeliing,    Etc. 

The  Decomposition  and  Reduction  op  Lead  Sulphate  at  Elevated  Tebcpera- 

tures.     By  W.  Mostowitsch.     Edited  by  H.  O.  Hofman. 
Determination  op  Dust  Losses  at  the  Copper  Queen  Reduction  Works.    By 

J.  Moore  Samuel. 
An  Investigation  Into  the  Flowing  Temperatures  op  Copper  Mattes  and  op 

Copper-Nickel  Mattes.     By  G.  A.  Guess  and  F.  E.  Lathe. 
Features  of  the  New  Copper  Smelting  Plants  in  Arizona.     By  A.  G.  McGregor. 
Smelting  at  the  Arizona  Copper  Co.'s  Works.     By  F.  N.  Flynn. 
The  Basic  Lined  Converter  in  the  Southwest.     By  L.  O.  Howard. 

Lecuihing 

2,000-Ton  LBAcmNQ  Plant  at  Anaconda.    By  Frederick  Laist  and  Harold   W. 

Aldrich. 
Possibilities  in  the  Wet  Treatment  of  Copper  Concentrates.     By  Lawrence 

Addicks. 
Leaching  Tests  at  New  Cornelia.     By  H.  W.  Morse  and  H.  A.  Tobelmann. 

Ore  Deposits 

Gold  and  Silver  Deposits  op  North  and  South  America.     By  Waldemar  Lindgren. 

Fuel  in  Turkey.     By  Leon  Dominian. 

Manganese  Ores  of  Russia,  India,  Brazil  and  Chile.     By  E.  C.  Harder. 

The  Emerald  Deposits  op  Muzo,  Colombia.     By  Joseph  E.  Pogue. 

The  Radio- Activity  of  Allanite.     By  L.  S.  Pratt. 

Zircon-Bearing  Pegmatites  in  Virginia.     By  Thomas  L.  Watson. 

Iron  Pyrites  Deposits  in  Southeastern  Ontario,  Canada.     By  P.  E.  Hopkins. 

Petroleum  and  Gas 

Principles  op  Natural  Gas  Leasehold  Valuation.     By  S.  S.  Wyer. 
The  California  Gasoline  Industry.     By  W.  R.  Hamilton. 
The  Diastrophic  Theory.     By  Marcel  R.  Daly. 

ThS  Possibility  op  Deep  Sand  Oil  and  Gas  in  the  Appalachian  Geo-Syncline 
op  West  Virginia.     By  David  B.  Reger. 

Instead  of  attempting  to  present  all  of  these  papers  for  discussion, 
the  Board  of  Directors,  upon  the  recommendation  of  the  Committee 
on  Papers  and  Publications,  selected  those  papers  which  could  be  ade- 
quately presented  by  their  authors  or  authors'  representatives  and  which 
lent  themselves  particularly  to  discussion.  Six  technical  sessions  were 
then  established  and  each  was  devoted  to  a  particular  subject  with  the 
understanding  that  the  appropriate  papers  would  first  be  read  and  dis- 
cussed and  following  that  general  discussion  of  the  subject  would  be 
welcomed.  Opportunity  was  also  given  at  every  session  for  any  person 
present  to  call  for  any  paper  on  the  Ust  to  be  brought  up  for  discussion. 
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The  first  technical  session  was  devoted  to  the  subject  of  ''Smelting'^ 
and  was  held  at  the  Y.  M.  C.  A.  building,  Douglas,  Ariz.,  Tuesday  after- 
noon, Sept.  19,  at  2  o'clock. 

President  Ricketts  announced  that  the  113th  Meeting  of  the  Institute 
was  opened  and  called  upon  Walter  Douglas  to  preside.  The  presiding 
officer  then  called  upon  John  C.  Greenway,  who  delivered  a  cordi^ 
Address  of  Welcome  to  Arizona.  In  response,  President  Ricketts 
announced  that  as  he  was  both  guest  and  host  at  the  Arizona  Meeting, 
he  would  call  upon  Past  President  Benjamin  B.  Thayer,  who  thereupon 
responded  cordially  to  the  Address  of  Welcome.    • 

The  following  papers  were  then  presented  by  their  authors: 

Featubes  of  teto  New  Coppeb  Smelting  Plants  in  Abizona.    By  A.  G.  McGr^or. 

Discussed  by  L.  D.  Ricketts,  E.  P.  Mathewson. 
Smelteb  Ofebating  Notes  fbom  the  Abizona  Coppeb  Co.,  Ltd.     By  F.  N.  Flynn. 
The  Basic  Lined  Conyebteb  in  the  Southwest.    By  L.  O.  Howard.    Diacussed 

by  Walter  Douglas,  E.  P.  Mathewson,  Kuno  Doerr. 
Detebmination  of  Dust  Losses  at  the  Coppeb  Queen  Reduction  WoRxa.     By 

J.  Moore  Samuel.     Discussed  by  Walter  Douglas,  E.  P.  Mathewson,  S.  J. 

Jennings,  C.  E.  Arnold,  A.  G.  McGregor,  L.  D.  Ricketts. 

The  second  technical  session  was  on  the  subject  of  ''Leaching''  and 
was  held  at  the  Y.  M.  C.  A.  building  at  Douglas,  Ariz.,  on  Tuesday 
evening,  Sept.  19,  at  8  o'clock.    H.  W.  Morse  presided. 

President  Ricketts  opened  the  meeting  by  reading  the  following  tele- 
gram from  Dr.  Douglas,  which  was  greeted  with  applause: 

''Please  convey  my  hearty  greetinf^s  to  the  Institute  and  my  regrets  that  my 
health  prevents  my  presence  with  you  m  person.  It  is  nearly  17  years  since  we  met 
around  the  dinner  table  in  Bisbee  and  lunched  together  in  the  mine.  Thou^  we 
cannot  anticipate  eternal  life  for  our  mines  you  will  be  glad  to  find  that  it  is  more 
productive  than  it  was  and  is  enjoying  a  vigorous  old  age  and  renewing  its  youth  by 
new  discoveries." 

and  the  President  was  authorized  to  respond  to  this  in  the  name  of  the 
members  present,  as  follows: 

'.'The  members  of  the  Institute  at  this  meeting,  some  two  hundred  and  fifty  in 
number,  bv  special  resolution  unite  with  me  in  thanking  you  for  your  most  welcome 
message  of  eood-will.  We  owe  so  much  to  you  and  it  is  good  to  feel  we  have  your 
thoughts  and  good  wishes.  We  thank  you  and  send  you  our  greetings  and  best  wishes 
for  you  and  yours." 

The  following  papers  were  then  presented: 

Leaching  Tbsts  at  Nbw  Cornblia.     By  H.  W.  Morse  and  H.  A.  Tobelmann.     (Pre>- 

sented  bv  H.  W.  Morse.)     (Discussed  by  G.  D.  Van  Aisdale,  S.  J.  Jennings, 

F.  S.  Schimerka,  C.  G.  Grabill,  F.  N.  Flynn,  written  discussion  by  Lawrence 

Addicks.) 
2,000-ToN  Lbaching  Plant  at  Anaconda.    By  Frederick  Laist  and  Harold  W. 

Aldrich.     (Pbbsbnted  bt  E.  P.  M athbwson.}     (Discussed  by  F.  N.  Flynn,  EL  P. 

Mathewson.) 
PossraiUTiBS  IN  THB  Wbt  Trbatuent  OF  CoppBB  CoNCBNTRATBs.    By  Lawrence 

Addicks.     (Presented  by  the  Secretary.)     (Discussed  by  F.  N.  Flynn. 
Gbnbbal  Subject  or  Lbaching  was  discussed  by  F.  S.  Schimerka,  B.  B.  Gottsbeiis^, 

H.  £.  Williams,  G.  D.  Van  Aredale,  and  £.  P.  Mathewson. 

The  third  technical  session  was  on  the  subject  of  "Mining  and 
Geology"  and  was  held  in  the  auditorium  of  the  bigh  school  at  Bisbee, 
Ariz.,  on  the  afternoon  of  Wednesday,  Sept.  20,  at  2  o'clock.  Gerald  F. 
G.  Sherman  presided. 

The  following  papers  were  presented  by  their  authors: 
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PsTROGBAPHT  ov  THB  Mo^pTT  MoBOAN  MiNB,  QuBBimLAND.    By  Walter  K  Gaby. 

(Discussed  by  L.  O.  Graton.) 
Gbologt  of  tbb]|Wabbbn  Mining  Distbict.    By  Y.  S,  Bonillas,  J.  B.  Tenney,  Leon 

Feuchdre.     (Presented  bv  Y.  S.  BoniUas.)     (Discussed  by  I.  B.  Joralemon, 

F.  L.  Ransome,  (herald  Sherman,  L.  G.  Graton.) 
Stofing  in  THB  Galxtmbt  AND  Abizona  Minbs,  Bisbeb,  Abiz.    By  Philip  D.  Wikon. 
CodPBBATivB  Effobt  IN  MiNiNG.    Bv  Joseph  p.  Hodgson.     (Discussed  by  J.  A.  Ede, 

Gerald  F.  G.  Sherman,  C.  W.  Goodale,  Charles  A.  Mitke,  C.  E.  Arnold,  D.  W. 

Bnmton.) 

The  fourth  technical  session  was  on  the  subject  of  "Concentration 
and  Flotation"  and  was  held  at  the  Martin  Theater,  Globe,  Ariz.,  on 
Thursday  afternoon,  Sept.  21,  at  2  o'clock.    C.  E.  Mills  presided. 

The  following  papers  were  presented: 

Thb  Advbnt  ot  Flotation  in  thb  Cufton-Mobbnci  Dibtbict,  Abizona.  By 
David  Cole. 

HiBTOBT  OF  THB  FLOTATION  Pbocbbs  AT  Inbpibation.  By  Rudolf  Gahl.  (Discussed 
by  F.  S.  Schimerka,  H.  W.  Morse,  R.  S.  Handy,  C.  A.  Chase,  E.  P  Mathewson, 
David  Cole.  L.  D.  Ricketts.  G.  H.  Ruggles,  F.  G.  Cottrell;  written  discussion 
by  Frederick  Laist  and  R.  C;.  Canby.) 

SoMB  MiscBLLANBOus  WooD  GiLB  FOB  FLOTATION.  Bv  R.  C  Palmer,  Glenn  L. 
AUen  and  O.  C.  Ralston.     (Presented  by  G.  L.  Allen.) 

Flotation  Concbntbation  at  Anaconda.  Mont.  By  Frederick  Laist  and  Albert 
E.  Wigfldn.  (Presented  by  E.  P.  Matnewson.)  (Discussed  by  O.  C.  Ralston, 
David  C^le,  E.  P.  Mathewson.  Rudolf  GaU*  Norman  Carmichael,  W.  B.  Cramer, 
C.  W.  Merrill,  R.  8.  Handy,  A.  P.  Watt,  B.  B.  Gottsberger,  F.  S.  Schimerka.) 

The  fifth  technical  session  was  on  the  subject  of  ''Mining"  and  was 
held  at  the  Martin  Theater,  Globe,  Ariz.,  on  the  evening  of  Sept.  21, 
at  8  o'clock.    Percy  G.  Beckett  presided. 

The  following  papers  were  presented: 

Thb  Block  Mbthod  of  Top  Slicing  of  thb  Miami  Coppeb  Co.    By  E.  G.  Deane. 

(Discussed  by  J.  A.  Ede,  J.  P.  Hod^n.) 
Stofino  Methods  of  Miami  Coppbb  Co.    By  David  B.  Scott.     (Presented  by  the 

Secretaiy.) 
Mine  Fibb  Methods  Employed  bt  the  United  Vbbdb  Copper  Co.    By  Robert  E. 

TaUy.     (Presented  by  the  Secretary.)     (Written  discussion  by  C.  L.  Berrien.) 
'i     (Discussed  by  C.  W.  Ck>odale,  J.  A.  Ede,  Gerald  Sherman,  J.  P.  Hodgson.) 
Orb  Drawing  Tests  and  the  Resulting  Mining  Method  of  Inspiration  Con- 

souDATBD  CoppBR  Co.    Bv  Greorgc  R.  Lehman. 
Cost  and  Extraction  in  the  Selection  of  a  Mining  Mbthod.    By  C.  E.  Arnold. 

(Discussed  by  L.  D.  Ricketts,  F.  W.  Maclennan.) 

After  the  papers  scheduled  for  the  meeting  had  been  presented, 
Walter  A.  Schmidt  gave  a  brief  abstract  of  a  paper  prepared  by  himself, 
entitled  "Results  Obtained  with  the  Cottrell  Process  at  Smelter  of  Inter- 
national Smelting  Co.,  Inspiration,  Ariz,  and  the  Factory  of  Riverside 
Portland  Cement  Co.,  Riverside,  Cal.,"  illustrating  his  remarks  with 
stereopticon  sUdes,  and  ending  with  a  demonstration  of  the  process. 

The  sixth  technical  session  was  on  the  subject  of  "Fine  Grinding" 
and  was  held  at  the  Club  House  of  the  Miami  Copper  Co.,  Miami,  Ariz., 
on  the  afternoon  of  Friday,  Sept.  22,  at  4  o'clock.  B.  B.  Gottsberger 
presided. 

The  following  papers  were  presented  by  their  authors: 

Fowbb  Plant  or  Bxtbro  Mountain  Copper  Co.  By  Charles  Legrand.  (Discussed 
by  B.  B.  Crottsberger,  S.  J.  Kidder,  and  John  Luigton.) 

COMPARATIVB  TbST  OF  THB  MARATHON.  CmLBAN  AND  HaRDINQB  MilLS.      By  F.  C. 

BUokeosderfer.  (Discussed  by  B.  B.  Gottsberger,  R.  B.  Yerxa,  A.  P.  Watt.  R.  B.  T. 
Kiliani,  F.  S.  Schimerka,  S.  J.  Jennings,  R.  S.  Handy,  C.  W.  Merrill,  Robert 
Franke,  F.  J.  H.  Merrill.) 
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REPORT  OF  THE  NOMINATING  COMMITTEE 

The  Committee  on  Nominations  begs  to  submit  the  following  names 
as  its  nominees  for  the  respective  offices  indicated: 

For  PreaiderUf  Sidney  J.  Jennings,  New  York. 

For  Vice-PresidentSj   Walter  H.   Aldbidqe,   New  York;  Mark  L.  Requa,  San 

Francisco. 
For  Directors,  J.  E.  Johnson,  Jr.,  New  York;  Allen  H.  Rogers,  Boston;  Howard 

N.  Eavenson,  West  Virginia;  Robert  M.  Raymond,  New  York;  Willet  G. 

Miller,  Canada. 

The  nomination  for  President  has  attracted  the  attention  of  a  large 
nmnber  of  members,  as  is  evidenced  by  the  receipt  of  many  hundreds 
of  letters  and  post  cards.  Most  of  these  favored  either  Sidney  J.  Jen- 
nings or  PhiUp  N.  Moore,  each  of  whom  received  many  cordial  endorse- 
ments. Such  a  wide  interest  on  the  part  of  the  members  is  a  very  whole- 
some sign,  but  where  there  is  so  much  activity  it  is  natural  to  expect  a 
certain  amount  of  criticism.  Some  of  the  letters  indicate  that  the 
authors  feel  that  the  nomination  of  President  should  be  left  entirely  to 
the  Committee  on  Nominations  without  any  effort  by  the  members 
at  large  to  influence  them.  Others  feel  that  the  nominations  are  largely 
controlled  by  a  small  group  and  that  the  members  at  large  can  have 
Uttle  influence.  As  a  result  of  the  experience  of  the  last  few  months, 
a  majority  of  the  Committee  on  Nominations  begs  leave  to  suggest 
that  the  method  of  making  nominations  be  changed  so  that  two  candi- 
dates, at  least,  for  the  various  offices  be  nominated,  and  suggests  that 
the  Directors  appoint  a  committee  to  investigate  this  question  thoroughly 
with  a  view  to  making  definite  recommendations.  In  accordance  with 
its  opinion  that  the  best  interests  of  the  Institute  would  be  served  by 
a  change  in  the  Constitution,  allowing  the  nomination  of  two  candidates, 
and  in  view  of  the  fact  that  this  Committee  has  no  authority  to  make 
more  than  a  single  nomination  for  each  office,  considering  the  high  stand- 
ing of  both  Mr.  Jennings  and  Mr.  Moore  and  the  large  number  of  mem- 
bers favoring  each  of  these  gentlemen,  this  Committee  respectfully 
suggests  the  desirabiUty  of  the  immediate  nomination  of  Philip  N. 
Moore  by  a  petition  of  25  members  in  accordance  with  the  present 
Constitution.  This  Committee  regrets  its  inability  to  make  two  nomi- 
nations. 

Respectfully  submitted, 

S.  W.  MuDD,  Chairman, 


PROCEEDINGS  OF  THE  MEETING  OF  THE  BOARD  OF 
DIRECTORS,  OCT.  27,  1916 

The  report  of  the  Comittee  on  Nominations  was  received  and 
ordered  to  take  the  statutory  course.  Thereupon  the  chairman  was 
authorized  to  appoint  a  committee  of  three  members  to  report  at  the 
next  meeting  of  this  Board  regarding  the  suggestions  made  by  the  Nom- 
inating Committee. 

The  following  vote  of  thanks  was  then  passed  to  the  members  of 
the  Arizona  Committees  and  others: 

"WHEREAS,  the  Board  of  Directors  of  the  American  Institute  of  Mining  Engi- 
neers has  a  deep  appreciation  of  the  splendid  success  of  the  Arizona  meeting  and 

WHEREAS,  the  Board  is  aware  that  this  success  was  brought  about  by  the 
generous  and  efficient  efforts  of  the  members  of  the  Local  Committees,  therefore  it  is 
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R£}SOLVED,  that  the  thanks  of  the  Institute  be  and  hereby  are  cordially  extended 
to  each  and  every  member  of  the  Committees  in  El  Paso,  New  Mexico  and  Arizona, 
and  to  such  others  as  participated." 

The  sum  of  $250  was  appropriated  to  the  Southern  California  Section 
for  the  year  1917. 

President  L.  D.  Bicketts  and  Past  President  B.  B.  Thayer  were 
appointed  representatives  of  the  Board  at  the  meeting  of  the  Montana 
Section  on  Nov.  10,  1916. 

The  Institute  agreed  to  pay  its  share  on  certain  improvements  being 
made  on  the  fifth  floor  of  this  building. 

The  exchange  of  publications  was  authorized  with  a  Russian  Maga- 
zine known  as  "The  Ore  Messenger"  and  with  the  Geological  Survey 
of  Canada. 

The  following  Committee  was  appointed  to  confer  with  a  committee 
of  the  Mining  and  Metallurgical  Society  of  America  regarding  the  best 
method  for  the  revision  of  the  mining  laws:  J.  R.  Finlay,  D.  C.  Jackling, 
Hennen  Jennings  and  C.  F.  Kelley. 


JOHN  FRITZ  MEDAL  TO  BE  PRESENTED  TO 
DR.  ELIHU  THOMSON 

The  John  Fritz  Medal  was  awarded  in  January,  1916,  to  Dr.  Elihu 
Thomson,  "For  Achievements  in  Electrical  Inventions,  in  Electrical 
Engineering,  and  in  Industrial  Development,  and  in  Scientific  Research." 

The  medal  will  be  presented  to  Dr.  Thomson  at  a  meeting  to  be  held 
in  Boston  on  Friday  evening,  Dec.  8,  1916,  in  the  Central  Lecture  Hall 
of  the  new  buildings  of  the  Massachusetts  Institute  of  Technology. 

The  program  of  the  evening  will  include  adresses  by  John  J.  Carty, 
Chairman  of  the  Presentation  Committee  of  the  Board  of  Award,  E.  W. 
Rice,  Jr.,  President,  General  Electric  Co.,  and  Dr.  Richard  C.  Maclaurin, 
President,  Massachusetts  Institute  of  Technology.  The  presentation 
will  be  made  by  Dr.  Charles  Warren  Hunt,  Chairman  of  the  Board  at  the 
time  the  award  was  made,  and  the  ceremonies  will  conclude  with  the 
response  of  Dr.  Thomson. 

The  John  Fritz  Medal  is  awarded  from  time  to  time  for  notable 
scientific  or  industrial  achievement,  and  was  provided  for  in  a  fund  sub- 
scribed in  memory  of  the  great  engineering  pioneer,  John  Fritz.  The 
award  of  the  medal  is  made  by  a  permanent  board  composed  of  four 
members  from  each  of  four  American  National  Engineering  Societies, 
namely,  the  American  Society  of  Civil  Engineers,  the  American  Society 
of  Mechanical  Engineers,  the  American  Institute  of  Mining  Engineers 
and  the  American  Institute  of  Electrical  Engineers.  The  members  of 
the  1916  Board  are: 

Charles  Warren  Hunt, 

Representing  the  A.  S.  C.  E..     ^-oho^-  g.^S^^r 

Charles  D.  Marx, 
John  R.  Freeman, 

Representing  the  A.  S.M.E.,    j^^TiZ^A\ 

Frederick  R.  Hxjtton. 

Albert  Saxtveur, 

T>^ ««^„i.: ♦u^  A   T  TDT  T?      E.  Gtbbon  Spilsbxtrt, 

Representing  the  A.  I.  M.  E.,    qharles  F.  Rand. 

Christopher  R.  Corning* 
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Ralph  D.  MxbshoNi 
Repr«entingtheA.LE.E.,     glS  M.^^. 

JOHM  J.  CaRTT. 

The  members  of  the  four  national  engineering  societies  and  others  interested, 
including  ladies,  are  cordially  invited  to  be  present  at  the  presentation  ceremonies. 


AMERICAN  INDUSTRIAL  COMMISSION  TO  FRANCE 

Joseph  G.  Butler,  Jr.,  who  represented  this  Institute  on  the  American 
Industrial  Commission  to  France,  has  presented  a  report  to  the  Chairman 
of  the  Conunission  regarding  the  steel  industry  of  France  in  war  time. 
In  this  report  Mr.  Butler  calls  attention  to  the  fact  that  only  a  few 
steel  works  were  visited  and  that  he  thinks  it  probable  that  there  are 
many  plants  in  France  more  up-to-date  than  these.  He  noticed  espe- 
cially in  the  plants  visited  a  dearth  of  labor-saving  devices  and  not  very 
great  attention  to  the  safety  of  the  employees.  He  also  noticed  that 
the  whole  of  the  iron  and  steel  interests  in  France  are  being  used  at  the 
present  time  by  the  Government  for  war  purposes,  and  he  was  told  on 
good  authority  that  the  production  has  doubled  since  May,  1916.  When 
the  war  is  over,  it  is  thought  that  France  can  send  large  quantities  of  iron 
ore  from  Algeria  to  the  United  States  and  take  in  return  American  coal  to 
France,  an  interchange  which  would  doubtless  fee  of  mutual  advantage. 
In  Mr.  Butler's  opinion  the  shortage  of  coal  in  France  may  be  overcome 
to  some  extent  by  the  use  of  water-power  and  by  electricaJ  processes  for 
steel  manufacture,  and  he  believes  when  the  war  ends  France  will  be  able 
to  compete  with  other  countries  in  exports  of  general  iron  and  steel 
products,  this  trade  being  facilitated  by  the  port  improvements  at 
Bordeaux  and  Marseilles.  The  French  labor  situation  is  much  better 
than  that  in  the  United  States  from  the  standpoint  of  labor  unions,  but 
the  wages  are  less  and  many  women  are  now  being  employed  to  do  men's 
work.  This  has  a  tendency  to  keep  wages  low,  but  is  probably  a  war 
expedient  only.  The  cooperation  among  manufacturers  in  France  is 
at  a  high  level  and  both  local  and  national  organizations  exist  for  the 
discussion  and  voicing  of  trade  problems.  The  national  body  which  is 
a  combination  of  the  individual  organizations  is  the  Comite  des  Forges 
de  France  and  it  is  an  interesting  fact  that  many  of  the  members  of  this 
body  are  office  holders  under  the  Government,  or  heads  of  Government 
Committees  which  are  organized  to  look  after  the  very  business  in  which 
the  individuals  are  engaged. 

Although  the  first  rush  of  Germans  into  Prance  deprived  France  of 
80  per  cent,  of  her  pig  iron  and  70  per  cent,  of  her  steel  productivity,  it 
is  important  to  note  that,  by  the  use  of  low-grade  ores  not  previously 
exploited  to  any  great  extent,  France  has  been  able  to  increase  the 
production  about  100  per  cent,  in  the  past  year.  Mr.  Butler  was  told 
that  there  is  not  a  single  idle  plant  formerly  engaged  in  the  fabrication 
of  steel  that  is  not  now  in  full  operation  and  that,  while  France  is  at 
present  cooperating  in  every  way  with  England  to  win  the  war,  it  is  the 
intention  of  her  industrial  leaders  to  form  a  closer  union  with  the  British 
oprducers  after  the  war  is  over. 

At  Le  Creusot  welfare  work  is  highly  eflBcient  There  are  good  hos- 
pital facilities,  good  dwellings,  and  everything  is  done  to  bring  the 
workman  in  close  and  harmonious  relations  with  his  employer. 
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PERSONAL 

(Members  are  urged  to  send  in  for  this  column  any  notes 
of  interest  concerning  themselves  or  their  fellow-members.) 

Members  and  guests  who  called  at  the  Institute  headquarters  during 
the  period  Oct.  10,  1916  to  Nov.  10,  1916. 

Bdwin  C.  Bloomfleld,  Montreal  Roy  E.  Hoffman^  Hannibal,  Mo. 

A.  H.  Collbran,  Seoul,  Korea.  B.  C.  Harder,  Cienfuegos,  Cuba. 

Biigene  Coste,  Calgary,  Canada.  B.  Jaeger,  London,  Engkuid. 

Fred  Crabtree,  Pittsburgh,  Pa.  Herbert  M.  Lauer.  Philadelphia.  Pa. 

P.  St  John  Dixon,  London,  England.  Frank  C.  Laurie,  Los  Angeles,  Cal. 

A.  B.  Dmcker.  London,  England.  O.  T.  Lempriere,  Melbourne,  Australia. 

F.  N.  Flynn,  Clifton,  Ariz.  W.  C.  Phalen,  Washington.  D.  C. 

Justice  Gmgan.  Edwards,  N.  Y.  William  H.  Rea,  Pittsburgh,  Pa. 

Fred  A.  Hale,  Jr.,  Goodsprings,  Nev.  Thor  Warner,  Aingman,  Ans. 

P.  S.  Haury,  Seoul,  Korea. 

Arthur  P.  Allen  has  resigned  his  position  with  the  Calumet  &  Hecla 
and  is  now  connected  with  the  Highland  Mining  Co.,  Ashcroft,  B.  C, 
Canada. 

H.  Foster  Bain,  editor  of  the  Mining  Magazine  of  London,  has  resigned 
his  position. 

Frederick  K.  Brunton  has  resigned  from  the  staff  of  the  American 
Smelting  &  Refining  Co.,  Garfield,  Utah,  to  accept  the  position  of  assistant 
superintendent  of  the  Consolidated  Arizona  Smelting  Co.,  Humboldt, 
Ariz. 

Will  L.  Clark  has  resigned  as  manager  of  the  United  Verde  Copper 
Co.,  Jerome,  Ariz. 

J.  V.  N.  Dorr,  President  of  the  Dorr  company,  has  been  awarded  a 
John  Scott  Legacy  Medal  and  Premium  by  the  City  of  Philadelphia, 
upon  the  recommendation  of  the  Franklin  Institute.  The  award  is  "in 
recognition  of  his  invention  of  hydrometallurgicfJ  apparatus,  the  Don- 
classifier,  and  the  Dorr  thickener. " 

Edward  B.  Durham,  now  superintendent  of  construction  for  the  Mam- 
moth Copper  Mining  Co.,  Kennett,  Cal.,  has  just  completed  the  dis- 
mantling and  removal  of  the  main  line  of  the  U.  S.  Mines'  aerial  tramway 
from  Bingham,  Utah,  and  its  installation  under  new  conditions  at  the 
Stowell  mine.  The  work  involved  the  moving  of  100  tons  of  machinery, 
the  redesigning  of  all  the  tramway  structures,  the  framing  and  erecting 
of  150,000  ft.  B.M.  of  lumber,  the  installing  of  the  macWnery  and  the 
putting  of  the  line  into  operation. 

F.  N.  Flynn,  for  the  past  seven  years  connected  with  the  Arizona 
Copper  Co.,  Ltd.,  at  Clifton,  Ariz.,  has  resigned  his  position  as  Superin- 
tendent of  the  Smelting  Department,  effective  Oct.  31,  and  has  entered 
the  employ  of  the  Chile  Exploration  Co.,  Chuquicamata,  Chile. 

Roger  H,  Hatchett,  who  has  been  Mr.  Flynn's  assistant  for  six  years 
past,  has  been  appointed  Acting  Superintendent  of  the  Smelting  Depart- 
ment. 

Myron  E.  Fuller,  formerly  connected  with  George  W.  Fuller,  Consult- 
ing Engineer  of  New  York  City,  has  accepted  a  position  on  the  engineer- 
ing stafi  of  the  City  of  Philadelphia,  Pa.,  in  connection  with  proposed 
sewage-disposal  works. 
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W.  Earl  Greenough,  for  five  years  manager  of  the  Marsh  Mining  Co., 
Coeur  D'  Alene  District,  Idaho,  resigned  his  position  with  that  company 
on  Oct.  1,  to  engage  in  independent  practice,  and  has  opened  offices  in 
the  Old  National  Bank  Bldg.,  Spokane,  Wash.  He  will  be  assisted  by 
S.  B.  Davis,  formerly  of  Waflace,  Idaho. 

E.  H.  Hamilton  has  been  appointed  Consulting  Metallm'gist  for  the 
Trail  smelter  of  the  Consolidated  Mining  &  Smelting  Co. 

Edwin  Higgins  has  resigned  from  the  Bureau  of  Mines  and  California 
Industrial  Accident  Commission  to  open  an  office  in  San  Francisco  as 
Safety  and  Efficiency  Engineer. 

J.  L.  McAUen  has  resigned  his  position  as  superintendent  of  the  Gold 
Bullion  mine,  Knik,  Alaska,  to  engage  in  private  practice  in  Portland, 
Ore. 

F.  E.  Marcy,  inventor  of  the  Marcy  Ball  Mill,  has  established  offices 
in  the  Atlas  Building,  Salt  Lake  City,  Utah. 

Richard  A.  Parker  has  been  elected  chairman  of  the  Mining  Bureau 
of  the  Denver  Civic  and  Commercial  Association. 

Francis  P.  Sinn,  of  the  New  Jersey  Zinc  Co.,  Palmerton,  Pa.,  has  been 
elected  one  of  the  directors  of  the  National  Safety  Council,  which  has 
created  a  new  section  having  to  do  with  safety  in  copper,  lead  and  zinc 
smelting. 

E.  Gybbon  Spilsbury  has  gone  to  Cuba  on  professional  work  and  will 
be  absent  about  three  weeks. 

Persifor  G.  Spilsbury,  general  manager  of  the  Aguacate  Mines,  Costa 
Bica,  has  been  transferred  to  New  York,  with  offices  at  55  liberty  Street. 

Robert  E.  Tally,  superintendent  of  mines  for  the  United  Verde  Copper 
Co.  for  eight  years,  has  been  appointed  assistant  general  manager,  but 
will  continue  to  act  as  superintendent. 


POSITIONS  VACANT 

No.  157.  Superintendent  for  roasting  and  magnetic  separating  plant 
working  on  zinc  concentrates.  Must  have  mechanical  experience  and 
a  working  knowledge  of  electricity.  Salary  will  dei)end  on  experience 
and  results  obtained.    Location  Canada. 

No.  155.  Metallurgical  chemist  familiar  with  copper  and  steel  for 
company  just  starting.  Must  have  had  technical  education  and  practi- 
cal experience  with  both  metals.  Salary  moderate  at  beginning,  but 
will  be  increased  as  business  grows. 

No.  159.  An  experienced,  up-to-date  coal-mining  engineer  to  open 
up  and  manage  soft-coal  mines  in  Spitzbergen,  preferably  a  Scandina- 
vian capable  of  handling  Norwegian  laborers.  Employment  beginning 
January. 
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No.  166.  Wanted  immediately,  metallurgist  capable  designing  con- 
structing and  superintending  new  concentrating  and  smelting  plant. 
Proposed  production  ten  thousand  tons  lead,  four  thousand  tons  zinc 
annually.    Location,  Caucasus.    Advise  terms  when  could  come. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  of  members  or  other  persons  introduced  by  members.) 

Young  mining  engineer  and  geologist,  member,  technical  graduate 
with  four  years'  varied  mining  experience  in  the  West  and  Southwest 
as  miner,  surveyor  and  engineer.  Past  18  months,  work  in  mine  geology, 
mapping  and  examinations.  Would  prefer  assisting  consulting  engineer 
or  work  with  exploration  company  in  foreign  service.  Unmarried. 
Age,  28.    No.  331. 

Mining  engineer  and  executive.  Nine  years'  experience  in  develop- 
ment and  examinations.  At  present  and  for  past  four  years  manager 
of  well-known  and  highly  successful  mining  company.  Desire  similar 
position  or  aflSliation  with  a  New  York  company  whose  business  relates 
to  mining.     No.  332. 

New  York  connection  with  mining  or  brokerage  concern  or  position 
as  New  York  representative  of  outside  company  wanted  by  executive 
mining  engineer  with  broad  experience  in  examination  and  operation  of 
mining  properties.  Just  completing  successful  term  as  resident  manager 
of  prosperous  mining  and  reduction  works.    No.  333. 

Member,  technical  graduate,  Mexican,  at  present  holding  position 
as  geologist  and  consulting  engineer  for  one  of  the  largest  producing 
mines  in  Mexico  under  English  management,  desires  better  i)osition. 
Twenty-two  years'  successful  experience,  three  and  a  half  with  present 
company.     Excellent  references.     No.  334. 

Member,  graduate  of  the  Columbia  School  of  Mines.  Drifting  and 
shaft  sinking  a  specialty.  7  years'  practical  experience  in  operating  and 
developing  work.  Can  open  up  new  property  or  take  entire  charge  of 
mine,  skilled  in  up-to-date  methods.  At  present  employed,  desire  change. 
Able  to  handle  organization  of  men.  Excellent  results.  Will  go  any- 
where.   Moderate  salary.    References.    No.  329. 

Member,  technical  graduate,  age  28,  married,  at  present  employed, 
desires  permanent  location,  preferably  with  quarrying  company  in  New 
England  States.    No.  335. 

Member,  technical  graduate,  age  27,  2J^  years'  experience  in  smelter 
and  abo  experience  concentrating,  cyaniding,  and  assaying.  Desires 
position  on  technical  staff  of  smelter  or  as  mill  foreman.  Can  handle 
men  and  get  results.    Interview  in  Salt  Lake.    No.  336. 

Member,  technical  graduate,  age  37,  married  13  years,  practical  ex- 
perience in  metal  mines,  4  years  as  mine  superintendent,  desires  position 
in  the  latter  capacity.  Have  operated  mines  in  United  States,  Canada 
and  Mexico  and  am  thoroughly  experienced  in  organization  and  efficiency 
methods.  Available  on  short  notice.  Best  of  references  furnished. 
No.  337. 
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LOCAL  SECTION  NEWS 

CHICAGO  SECTION 

Chas.  H.  MacDowbll,  Chairman^ 

LtJTHER  V.  Rice,  Vice-Chairman,  ' 

Henry  W.  Nichols,  Secretary-Treasurer, 

Geo.  p.  Hulst,  Alex.  K.  Hamilton,    Fredebick  T.  Snyder, 

Henry  P.  Howland. 

The  Field  Meeting  of  the  Chicago  Section  proved  to  be  the  most  en- 
joyable meeting  ever  held  by  the  Section.  It  took  the  fonn  of  a  visit  to 
the  Northern  Indiana  Industrial  District  where  the  day  was  spent  inspect- 
ing metallm'gical  plants  in  Indiana  Harbor  and  East  Chicago  and  in 
amusement  at  the  Hammond  Country  Club.  The  weather  was  perfect 
and  about  50  members  and  ladies  attended  the  meeting. 

An  inspection  of  the  plant  of  the  Inland  Steel  Co.  occupied  the 
morning.  The  plant  was  decorated  in  honor  of  the  occasion  and  the 
company  provided  attractive  souvenirs.  It  was  noticed  here  that  many 
of  the  ladies  displayed  an  interest  in  the  insi>ection  and  an  understanding 
of  the*  processes  that  would  not  have  shamed  professional  metallurgists. 
While  the  members  of  the  Section  seemed  to  be  most  interested  in  the 
by-product  coke  ovens  and  the  by-product  recovery  plant,  the  ladies 
enjoyed  especially  watching  the  snake-like  antics  of  the  red-hot  rods  in 
the  wire  mill. 

Leaving  the  steel  plant,  the  Section  enjoyed  a  ride  through  the 
district  by  automobile  and  arrived  at  the  Hammond  Country  Club  in 
time  for  lunch.  In  the  afternoon  some  of  the  members  inspected  the 
plant  of  the  International  Lead  Refining  Co.,  at  East  Chicago,  while  the 
rest  spent  the  time  at  the  Country  Club  in  golf,  tennis,  trap  shooting, 
bridge  and  other  amusements.  During  the  dinner  at  the  Hammond 
Country  Club  an  informally  organized  male  quartette  led  the  singing 
in  real  college  boy  style.  In  the  evening,  E.  E.  Billow  talked  on  the  use 
of  oil  burners  in  metallurgical  furnaces,  Mr.  MacDowell  told  of  the  pres- 
ent status  of  the  Potash  Industry  and  the  Secretary  told  of  some  of  the 
happenings  at  the  Arizona  Meeting. 

Henry  W.  Nichols,  Secretary. 


SAN  FRANCISCO  SECTION 

T.  A.  RicKARD,  Chairman, 

W.  H.  Shocklby,  Vice-Chainnan, 

C.  E.  Grunsky,  Jr.,  Secretary-Treasurer,  57  Post  St.,  San  Francisco, 
E.  A.  Hersam,  H.  W.  Young. 

The  regular  monthly  meeting  of  the  Section  was  held  on  Oct.  10,  1916, 
at  the  University  Club  of  San  Francisco. 

The  report  of  the  special  committee  appointed  to  investigate  the 
action  of  the  Directors  of  the  Institute  in  demanding  the  withdrawal  of 
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certain  portions  of  the  paper  prepared  by  W.  H.  Shockley  for  the  Inter- 
national Engineering  Congress  was  submitted,  and  the  resolution  sub- 
mitted by  tMs  committee  was  adopted  by  unanimous  vote  and  ordered 
sent  on  to  the  President  and  Board  of  Directors  of  the  Institute. 

The  paper  of  the  evening  on  "Flotative  Agents"  was  read  by  Prof. 
G.  H.  Clevenger  of  Stanford  University.  The  discussion  was  partici- 
pated in  by  Prof.  Hersam,  Prof.  Lawson,  Messrs.  Eickard,  Shockley, 
Van  Campen  and  others. 

It  was  announced  that  the  November  meeting  would  be  addressed 
by  Prof.  Lawson  on  the  subject  of  "Ore  Deposits." 

C.  E.  Grunskt,  Jr.,  Secretary, 


ST,  LOUIS  SECTION 

C.  J.  Adami,  Chairman, 

F.  W.  DeWolf,  Herman  Garlichs,  M.  M.  Valerius,  Vice-Chairmen, 

W.  E.  McCouRT,  Secretary-Treasurer,  Washington  Univ.,  St.  Louis,  Mo. 

A.  W.  Dickinson,  Herrin,  111.,  Charles  T.  Orr,  Webb  City,  Mo., 

C.   R.  Forbes,  Rolla,   Mo.,  F.   D.  Rash,  Earlington,  Ky., 

Arthur  Thacher,  St.  Louis,  Mo. 

The  St.  Louis  Section  held  its  usual  fall  field  meeting  on  October  28. 
During  the  day  about  30  members  visited  the  properties  of  the  New 
Staunton  Coal  Co.,  the  Mount  Olive  and  Staunton  Coal  Co.,  the  Con- 
solidated Coal  Co.,  and  the  Superior  Coal  Co.,  in  the  vicinity  of  Liv- 
ingston, Staimton,  and  Gillespie,  111. 

The  evening  meeting  was  preceded  by  a  dinner  at  the  Mercantile 
Club  in  St.  Louis,  at  which  40  members  and  guests  were  present.  The 
Chairman,  Charles  J.  Adami,  presided,  and  the  following  was  the 
program: 

Coal  Resources  of  Southwest  Illinois,  F.  W.  DeWolf. 

Some  Problems  in  Coal  Operating,  T.  T.  Brewster. 

Coal  in  the  Southwest,  Eugene  McAuliffe. 

The  Use  of  Electricity  in  Coal  Mining,  S.  W.  Farnham. 

The  Institute  Meeting,  Philip  N.  Moore. 


AFFILIATED  STUDENT  SOCIETY  NOTES 

The  October  meeting  of  the  Mining  and  Geological  Society,  Lehigh 
University,  was  held  in  the  Eckley  B.  Coxe  Mining  Laboratory,  and  was 
called  to  order  at  8:16  p.  m.,  by  President  R.  L.  McCann. 

After  the  reading  of  the  minutes  of  the  previous  meeting,  a  short 
business  session  was  held,  for  the  purpose  of  electing  a  Vice-President 
to  succeed  G.  S.  Borden,  who  has  left  college.  Nominees  for  the  ofiice 
were:    H.  J.  Sloman,  P.  S.  Justice,  L.  Sargeant. 

Dr.  F.  F.  Hintze,  of  the  Geology  Department,  was  elected  a  mem, 
ber  of  the  Advisory  Committee,  which  now  consists  of  the  President- 
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Vice-Presideiit,  and  Secretary,  with  Dr.  Hintze  and  Mr.  H.  P.  Smith  as 
faculty  members.  Dr.  Hintze  succeeds  Mr.  W.  G.  Matteson,  who  has 
left  the  Department  of  Geology  to  enter  oil  geology. 

Professor  Eckf eldt  was  then  introduced  and  spoke  on  "  The  Arizona 
Meeting  of  the  A.  I.  M.  E."  His  talk  was  very  interesting  and  instruct- 
ive. He  outlined  the  entire  trip,  relating  many  amusing  and  entertain- 
ing experiences.  Professor  Eckfeldt  showed  a  number  of  slides,  post 
cards,  and  photographs,  and  at  the  conclusion  of  his  talk  was  extended  a 
rising  vote  of  thanks. 

President  McCann  then  urged  all  entering  men  to  join  the  Society, 
and  outlined  the  benefits  to  be  derived  from  so  doing. 

The  meeting  then  adjourned  to  Williams  Hall  to  partake  of  "eats" 
and  "smokes."    Attendance  about  45. 

Allan  E.  Dynan,  Secretary. 

The  Mining  Engineering  ar  d  Geological  Society  of  the  State  College 
of  Washington  has  commenced  its  fall  work  with  a  vim.  The  meetings 
have  been  largely  attended  and  two  good  papers  have  been  presented  by 
students.  ' 

We  are  hoping  to  have  all  prominent  mining  and  metallurgical  men 
who  are  out  in  this  section  talk  to  the  society  and  would  appreciate  any 
information  as  to  who  is  likely  to  be  out  here,  so  that  we  can  extend  an 
invitation  to  him  to  visit  us. 

The  officers  elected  for  this  year  are: 

President,  James  G.  Parmalee, 
Vice-President,  C.  C.  Camp, 
Secretary-Treasurer,  Aubrey  C.  Miller,  and 
Sergeant  at  Arms,  Robert  Moss. 

Last  year's  activities  were  meetings  every  two  weeks  at  which  stu- 
dents, professors,  and  prominent  mining  men  presented  papers  or  gave 
informal  talks;  and  initiations  in  the  fall  and  spring.  In  the  fall  we  meet 
thfe  Civils  in  a  game  of  football,  and  so  far  have  been  rather  victorious 
as  to  the  number  of  games  won. 

Atibbey  C.  Miller,  Secretary, 

The  Mining  Society  of  the  University  of  Washington  has  held  its 
annual  election  of  officers  and  has  passed  an  amendment  to  its  constitu- 
tion. 

The  amendment  is,  that  all  members  of  the  College  of  Mines  shall  be 
eligible  to  the  Mining  Society.  The  eflfect  of  this  amendment  has  been  to 
increase  our  membership  to  about  60  men  and  to  interest  the  underclass- 
men in  the  activities  of  the  Society  and  thus  bring  the  College  of  Mines 
and  its  work  before  a  much  larger  number  of  students. 

We  are  holding  regular  meetings  every  two  weeks.  At  the  first 
meeting  the  following  officers  for  the  year  1916-17  were  elected: 

President,  Jess  Johnson, 
Vice-President,  E.  Lee  Tucker, 
Secretary,  Richard  Luther, 
Treasurer,  Walter  F.  Brown, 
Corresponding  Secy.,  Henry  G.  Boulton.* 

Richard  Lttther,  Secretary. 
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At  the  first  regular  meeting  of  the  Missouri  Mining  Association  of 
the  Missouri  School  of  Mines,  Mr.  H.  A.  Buehler,  State  Geologist  of 
Missouri,  gave  a  very  interesting  and  instructive  talk  on  the  Southwest- 
ern meeting  of  the  A.  I.  M.  E.  We  hope  to  have  Mr.  Buehler  on  our 
program  again  this  year. 

After  Mr.  Buehler's  talk,  the  following  oflBcers  of  the  Association 
were  elected: 

President,  Martin  F.  Bowles, 
Vice-President,  R.  O.  Shriver, 
Secretary,  H.  T.  Herivel, 
Treasurer,  Robert  Lyons. 

H.    T.    Herivel,    Secretary. 

At  the  recent  election  of  the  Mining  Society  of  the  School  of  Mines 
of  the  University  of  Pittsburgh  the  following  officers  were  elected: 

President,  J.  S.  Grumbling, 
Vice-President,  C.  E.  Thornhill, 
Secretary  and  Treasurer,  C.  L.  Armstrong, 

The  meetings  of  the  Society  are  held  the  second  and  fourth  Thursdays 
of  each  month.  C.  L.  Armstrong,  Secretary. 

The  Geological  and  Mining  Society  of  Stanford  University  now  has 
23  active  members.  Meetings  are  held  once  a  month  with  meetings  in 
between  when  talks  are  given  by  visitors  on  especially  interesting  subjects. 

The  Society  has  made  plans  to  pubUsh  the  third  volume  of  the  Year 
Book  of  the  Society  and  it  will  be  out  before  the  new  year.  It  will 
contain  a  directory  giving  the  name  of  every  man  who  has  graduated 
from  or  is  now  in  the  Department  of  Geology  and  Mining  with  pro- 
fessional record. 

The  officers  for  1916-17  are: 

President,  V.  L.  King, 
Secretary-Treasurer,  Z.  K.  Melcon. 

Z.  K.  Melcon,  Sec'y-Treas. 

The  Students'  Organization  of  the  Michigan  College  of  Mines  has 
elected  the  following  officers  for  the  year  1916-17: 

President,  G.  L.  Adams, 
1st  .Vice-President,  D.  E.  Dunn, 
2d  Vice-President,  E.  L.  Bemis, 
3d  Vice-President,  M.  W.  Franey, 
Secretary,  J.  W.  Alt, 
Treasurer,  E.  S.  Listar. 

We  will  arrange  a  program  as  soon  as  possible,  and  endeavor  to  have 
some  of  the  copper  country's  prominent  mining  men  address  the  student 
body. 

Gale  F.  Adams,  Secretary  for  1915-16. 
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LIBRARY 

American  Society  op  Civil  Engineers 
American  Institute  of  Electrical  Enoinsers 
American  Society   op  Mechanical  Engineers 
American  Institute  op  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to  10 
P.M.,  except  on  holidays.  It  contains  about  70,000  volumes  and  90,000 
pamphlets,  including  sets  of  technical  periodicals  and  the  publications  of 
scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend 
a  portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  especial  attention.  The  Library  b  prepared  to  furnish  ref- 
erences and  phptographic  copies  of  articles  on  mining  and  metallui^cal 
subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish  gen- 
eral information  on  the  geology  and  mineral  resources  of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent  more 
promptly  and  in  more  usable  shape. 

Library  Accessions 
Partial  List  Classipied  by  Subjects 

Mining  and  Metallurgy 

American  Pbtbolbum  Indubtby.    Vols.  1-2.     By  R.  F.  Bacon  and  W.  A.  Hamor. 

New  York,  1916. 
CoKB  Industry  of  New  South  Wales.     (New  South  Wales  Geological  Survey. 

Mineral  Resource  No.  23.)     Sydney,  1916. 
Handbook  of  Rock  Excavation,  Methods  and  Cost.    By  Halbert  Powers  Gillette. 

Illustrated.     Clark   Book   Co.,   New   York,   1916.    JPrice  %5  net,      (Gift  of 

Publishers.) 

[Note. — The  purpose  of  this  book  is  to  place  in  the  hands  of  those  interested  in 
the  economic  handling  of  rock,  in  the  most  convenient  form,  the  bulk  of  the  material 
published  12  years  ago  under  the  title  of  ''Rock  Excavation.  Methods  and  Cost," 
toeether  with  much  more  material  since  gathered  by  the  autnor.  Two  oompanioii 
volumes  on  "Earth  Excavation"  and  ''Tunnels  and  Shafts"  are  in  the  oourae  of 
preparation  by  the  same  author.  The  large  number  of  methods  of  excavating  and 
transporting  rock  under  different  conditions  and  the  tools  and  machines  required  for 
this  work  are  fully  described  and  illustrated.  For  each  class  of  rock  excavation,  and 
for  each  type  of  tool  or  machine  used,  examples  of  actual  costs  are  given,  where 
feasible,  these  are  reduced  to  unit  form,  makmg  possible  a  comparison  of  machines 
or  methods  and  aiding  in  the  estimation  of  the  cost  of  rock  work.  The  handbook 
size  with  flexible  binding  will  commend  itself  to  those  who  use  the  book.     The  scope 
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of  the  book  is  further  indicated  by  the  chapter  headinffs:  Rocks  and  Their  Properties; 
Methods  and  Cost  of  Hand  Drilling;  Driu  Bits;  Shape,  Sharpening  and  Tempering: 
Machine  Drills  and  Their  Use;  Cost  of  Machine  Drilling;  Steam,  Compressed  Air  ana 
other  Power  Plants;  Cable  Drills,  Weld  Drills^  Augers  and  Cost  Data;  Core  Drills; 
Explosives;  Charging  and  Firing;  Methods  oi  Blasting;  Loading  and  Transporting 
Rock;  Quarrying  Dimension  Stone;  Open  Cut  Excavation  in  Rubble  Quarries,  Pits 
and  Mines,  Rauroad  Rock  Excavation  and  Boulder  Blasting;  Canal  Excavation; 
French  Works;  Subaqueous  Rock  Excavations. — B.  A.  R.] 

Intbbnational  Engineering  Congress,  1915.    Vol.  Vlll — Mining  Engineering. 

San  Francisco,  1915. 
Method  for  Measuring  the  Viscositt  of  Blast  Furnace  Slag  at  High  Tem- 
peratures. (Tech.  paper  No.  157,  U.  S.  Bureau  of  Mines.)  Washington,  1916. 
Mining  Opbratkonb  in  the  Province  of  Quebec,  1915.  Report  on.  Quebec,  1916. 
The  Analyses  of  Copper  and  Its  Ores  and  Allots.  By  George  L.  Heath. 
McGraw-Hill  Book  Co.,  New  York,  1916.  Price  S3.  (Gift  of  Publishers.) 
[Note. — ^This  volume  contains  an  account  of  the  principal  methods  emploved 
by  the  largest  refineries,  foundries  and  custom  samphng  works  for  the  control  of 
operations  and  valuation  of  material.  The  chapters  are  divided  into  five  groups 
following  the  logical  sec[uence  from  the  ore  in  the  mine  to  the  finished  metallic  product. 
Part  1  includes  a  description  of  sampling  and  crushing  methods;  reagents  and  standard 
solutions;  and  the  analyses  of  ores,  slags,  matte,  flue  dust  and  furnace  by-products 
for  copper,  lead,  silver,  ^old  and  platinum.  Part  2  covers  the  work  of  electrol^ic 
refining.  Part  3  deals  with  the  electrolytic  assav  of  refined  copper  and  the  determma- 
tion  by  special  methods  of  foreign  metals  and  elements  in  copper.  Part  4  is  devoted 
to  the  methods  of  analysis  of  the  principal  commercial  alloys  of  copper.  In  part  5 
are  treated  the  metallography  of  copper  and  brass  and  the  electrical  resistivity  of 
copper.  The  technical  chemist  will  nnd  this  book  a  valuable  addition  to  his  librarv : 
a  volume  which  will  reward  his  search  for  authoritative  information  in  the  fiela 
covered. — B.  A.  R.] 

Underground  Wastes  in  Oil  and  Gas  Fields  and  Methods  of  Prevention. 
(Tech.  paper  No.  130,  U.  S.  Bureau  of  Mines.)     Washington,  1916. 

Geology  and  Mineral  Resources 

Die  Gesteinsbildenden  Minbralien.     By  Ernst  Weinschenk.     Freibursi  1901. 
Geology  and  Mineral  Resources  of  the  Yiloarn  Goldfield.    BulL  No.  63, 

Western  Australia.     Geological  Survey.     Perth,  1915. 
II    TuNGSTENO    (Note   Technichb).     By   G.   Aichino.     Torino,    1916.     (Gift   of 

author.) 
Japan   Imperial  Geological  Survey.    Geological   Map.    Division   V.    Tokyo, 

1916. 
Japan  Imperial  Mineral  Map,  Division  V.    Tokyo.  1916. 
MoNOORAFiA  Gbolooica  y  Paleontolooica  DEL  Cerro  de  Muleros.    Boletiu 

No.  25.    Instituto  Geologico  de  Mexico.     Mexico,  1910. 
Statistics  of  the  Mineral  Production  of  Alabama  for  1913.    Bull.  No.  15, 

Alabama.    Geological  Survey.    University,  1914. 

Safety  and  Sanitation 

Rescxts  and  Recovery  Operations  in  Mines  after  Fires  and  Explosions.  By 
J.  W.  Paul  and  H.  M.  Wolflin.     Washington,  1916. 

Union  of  South  Africa.  General  Report  of  the  Miners'  Phthisis  Prevention  Com- 
mittee.    Pretoria,  1916. 

Company  Reports 

Broken  Hill  Proprietary  Company  Limited.    Report  of  62d  half-yearly  ordinary 

general  meeting,  Aug.  1916.     (Gift  of  Company.} 
Gibard  Estate.     Report  of  Minmg  Engineer  and  Agent,   1915.     (Gift  of  James 

Archbald.) 

General 

Applied  Electricity  for  Practical  Men.     By  A.  J.  Rowland.     New  York,  1916. 
Concise  Technical  Physics.    New  York,  1916. 
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Enginebrs  Hand  Book  of  Tables,  Ghabts  and  Data  on  thb  Application  of 
Centrifugal  Fans  and  Fan  System  Apparatus.  New  York,  Buffalo  Foige 
Co.,  1914,     (Gift  of  Publishers.) 

Gift  of  F.  K.  GUlespie 

99  United  States  Topographic  Maps  of  New  York,  New  Jersey  and  Pennsyl- 
vania. 

Trade  Catalogs 

American  Blower  Company.     Detroit,  Mich.    Sirocco  Service. 

Buffalo  Foundry  and  Machine  Company.    Buffalo,  N.  Y.    Chemical  Apparatus. 

"Buflokast"  and  "Buflovak." 
Chicago  Pneumatic  Tool  Co.     Chicago-New  York. 

Bull.  34-K.     Fuel  oil  driven  compressors. 

Bull.  34-2.     Single  compressors  steam  driven. 

Bull.  E-44.     Duntley  Electric  sensitive  drilling  stand.     1916. 
Crocker  National  Fire  Prevention  Engineering  Company.     New  York,  N.  Y. 

Prevention  of  Fire. 
Ivanhoe-Regent  Works  of  the  General  Electric  Company.     Cleveland,  0. 

The  Hunchman.     September,  1916. 
Koehring  Machine  Company.     Milwaukee,  Wis.     Koehring  Mixer.     Aug.-Sept, 

1916. 
Nitrogen    Products    Company.     Providence,   R.   I.    Fixation    of    Atmospheric 

Nitrogen.     1916. 
Stroud,  E.  H.  &  Co.    Chicago,  HI. 

Air  separation  pulverizer. 

Air  separation  coal  pulverizer. 

Screen  separation  crushing,  shredding,  disintegrating  and  pulverizing  milL 
Texas  Company.     New  York,  N.  Y.    Lubrication.    October,  1916. 
Under-Feed  Stoker  Company  of  America.     Chicago,  111.     Publicity  Magazine. 

September-October,  1916. 
United  Shoe  Machinery  Athletic  Association.     Beverly,   Mass.     The  Three 

Partners.     September,  1916. 
Westinghouse   Electric  &   Manufacturing   Company.     East   Pittsbuigh,  Pa. 

Catalog  3-B.     Westinghouse  Instruments.     July,  1916. 
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MEMBERSHIP  i  J 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Oct.  10,  1916  to  Nov.  10,  1916. 

Anchor,  Hans  C,  Supt.,  Dome  Extension  Mines  Co.,  Ltd.,  South  Porcupine, 

Ont.,  Canada. 
Babcock,  Earle  J.,  Dean,  College  of  Min.  Engrg.,  State  Univ.  of  N.  Dak., 

Grand  Forks,  N.  Dak. 
BiDDisoN,  P.  McDonald,  Construction  Engr.,  The  Ohio  Fuel  Supply  Co., 

52  W.  Gay  St.,  Columbus,  O. 
Boise,  Paul  T.,  Asst.  Mgr.,  Stimpson  Equipment  Co.,  Felt  Bldg., 

Salt  Lake  City,  Utah. 

BouBNE,  Ralph  H.,  Vice-Pres Whiting  Foundry  Equipment  Co.,  Harvey,  111. 

Brown,  Edward  Otto  Forster,  Min.  Engr.,  706-707  Salisbury  House, 

London,  E.  C,  England. 
Calhoun,  Allan  B.,  Min.  Engr.,  Old  Dominion  Copper  Min.  &  Smelt.  Co., 

Box  535,  Globe,  Ariz. 
Chambers,  Allison  Robert.  Asst.  Mgr.,  Ore  Mines  &  Quarries,  Nova  Scotia 

Steel  &  Coal  Co.,  Ltd.,  P.  O.  Box  213,  New  Glasgow,  Nova  Scotia. 
Chen,  Ting  Cm,  Met.  Engr..  Blast  Furnace  Dept.,  Han-Yeh  Ping  Iron  and 

Coal  Co.,  Hanyang  Iron  and  Steel  Works,  Hanyang,  China. 
Chu,  Hsino  Chung,  Min.  Engr.,  Min.  Dept.,  Provincial  Financial  Bureap, 

Tsinaufu,  Shantung,  China. 

Dally,  Isaac  N.,  Min.  Engr 762  Newton  St.,  Seattle,  Wash. 

DeCamp,  W.  VoL.LSupt.,  Blue  Bell  Mine,  Cons.  Arizona  Smelt.  Co.,  Mayer,  Ariz. 
DiMiacK,  Shelby  D.,  Min.  Engr.,  Delaware,  Lackawanna  and  Western  R.  R.  Co., 

1646  Capouse  Ave.,  Scranton,  Pa. 
Ferraz,  Jorge  Belmiro  db  Araujo,  Asst.  Geologist  and  retrographist,  Bureau  of 
Geology  and  Mineralogy,  Dept.  of  Agriculture,  Rio  de  Janeiro,  Brazil,  S.  Amer. 
Habdie,  Augustus  B.,  Const.  Supt.,  The  Process  Engineering  Co., 

1209  Stephen  Girard  Bldg..  Philadelphia,  Pa. 

Helmrich,  George  L Braden  Copper  Co.,  Rancagua,  Chile,  South  America. 

Hubbard,  Harmon  B.,  Supt.,  Open  Hearths,  Inland  Steel  Co.,  Indiana  Harbor,  Ind. 

HuRUM,  Frbdrik  J.  O.,  Met.  iSigr Carbon  Steel  Co.,  Pittsburgh,  Pa. 

Inouyb,  JuNZO,  Met.  Engr.,  Mitsuoishi  Iron  Works,  Kenjiho.  Koshu,  Kokaido.  Korea. 
King,  Edward  Charles,  Smelter  Supt.,  Cons.  Ariz.  Smelt.  Co.,  Humbolat,  Ariz. 
KiNNEAR,  John  Charles,  Asst.  Smelter  Supt.,  Nevada  Cons.  Copper  Co., 

McGill,Nev. 
Luna,  Gilberto,  Cia.  Minera  Angustias,  Dolores  y  Anexas,  South  America, 

Pozos,  Gto.,  Mexico. 

McCoy,  Alexander  Watts,  Geol Marland  Oil  Co.,  Ponca  City,  Okla. 

McGrath,  Ray  P.,  District  Mgr.,  Sullivan  Machinery  Co.,  461  Market  St., 

San  Francisco,  Cal. 
McLaughlin,  Donald  Hamilton,  Geol.,  Secondary  Enrichment  Investigation, 

40  Conant  Hall,  Cambndge,  Mass. 

Marcy,  Frank  E.,  Cons.  Engr 438  Atlas  Bldg.,  Salt  Lake  City,  Utah. 

Martin,  Jacob  A.,  Mine  Engr.,  Kennecott  Copper  Corpn.,  Latouche, 

Latouche  Island,  Alaska. 
Meb,  Whitney  Player,  Chemist,  Chino  Copper  Co.,  Box  361,  Santa  Rita, 

New  Mexico. 
Miles,  John  Henry.  Genl.  Supt.,  Alta  Bert  Gold  Dredging  Co.,  Trinity  Center,  Cal. 
Newhouse,  Edgar  L.,  Jr.,  Mgr.,  Garfield  Chemical  and  Mfg.  Corpn.. 

Salt  Lake  City,  Utah. 

OsBORN,  Chase  S.,  Explorer  and  Prospector Sault  Ste.  Marie,  Mich. 

Palmer,  Gualterio  E 60  de  Mayo  No.  32 — Room  1,  Mexico  City,  Mex. 

Pattison,  Everett  H.,  Min.  Engr 626  Hutton  Bldg.,  Spokane,  Wash. 

Pbabody^Francis  S.,  Prest.,  Peabody  Coal  Co.,  332  S.  Michigan  Ave.,  Chicago,  111. 
Phelps,  William  Bemiss,  Supt.  Yago  Alaska  Gold  M.  &  M.  Co.,  Knik,  Alaska. 
QuiQLBY,  William  J.,  Mgr.,  El  Potosi  Mining  Co.,  1206  Mills  Bldg^  El  Paso,  Tex. 

Ransom,  Rastus  S.,  Jr Box  293,  Hartsdale,  N.  Y. 

Smith,  Ellwood  Spencer,  Asst.  to  the  Genl.  Mgr.,  Cons.  Arizona  Smelt.  Co., 

Humboldt,  Ariz. 
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Smith,  Jbsbb  D., Mine  Supt.,  Mineral  Point  Zinc  Co.,  Galena.  HL 

Staral,  Frank  J.,  Jr.,  Mgr.,  The  Investors  Co.,  Sheridan,  Madison  Co.,  Mont 
Strohbach,  William  Carl,  Chemist,  Ray  Cons.  Copper  Co.,  Box  624.  Hayden,  Aiiz. 
Warren,  Floyd  Alpine,  Sr.,  Supt.,  Blast  Fumaoes.  Dw^t-Uoyd  Machine 

and  Hearth  Depts.,  St.  Louis  Smelt.  &  Kef.  Co.,  CoUinsville,  HI. 
Werthan,  Sidney  E.,  Chem.,  Copper  Queen  Cons.  Mining  Co.,  P.  O.  Box  112, 

Bisbee,  Aiu. 
West,  George  Hazzard,  Smelter  Foreman,  Old  Dominion  Copper  Min.  & 

Smelt.  Co.,  Box  2007,  Globe,  Ariz. 
Wbstcott,  Henry  P.,  Engr.,  Natural  Gas  Construction  Work, 

Metric  Metal  Works,  Erie,  Pa. 
Wilkin,  Garratt  S.,  Mining,  Metal  Mgr.,  Moscow  Min.  &  Mill.  Co.,  Moscow, 

Beaver  Co.,  Utah. 
Willis,  Charles  Francis,  Director,  Arizona  State  Bureau  of  Mines, 

Univ.  of  Arizona,  Tucson,  Ariz. 

Woodward,  Frank  A., Supt.,  Iron  Cap  Copper  Co.,  Copper  Hill,  Ariz. 

YouNO,  Stuart  M.,  Shift  Boss,  Min.  Dept.,  U.  S.  Smelt.  Co.,  Bingham  Canyon,  Utah. 

Associate  Members 

Allen,  Heman  H.,  Sales  Engr.,  Sullivan  Machinery  Co.;  704  Keams  Bldg.. 

Salt  Lake  City,  Utah. 

Randall,  Henry  D., Mgr.,  General  Electric  Co.,  Salt  Lake  City,  Utah. 

Stevens,  Paul,  Private  Secretary  to  Genl.  Mgr.,  Calumet  &  Arizona  Mining  Co., 

P.  O.  Box.  824,  Warren,  Ariz. 

Junior  Members 

Sanger,  Alan  Bridoman,  Student Mass.  Inst,  of  Technology,  Boston,  Maas. 

Sweet,  Andrew  Thomas,  Instructor,  Dept.  of  Metallurgy  and  Ore  Dressing, 

Michigan  College  oi  Mines,  Houghton,  Mich. 
Webb,  Torrby  H 616  W.  113th  St.,  New  York.  N.  Y. 

Total  Membership,  Nov.  10,  1916 6,848 

Candidates  fob  Membebship 

Application  for  Mbmbbrbhip. — ^The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  that 
persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified. 
Members  of  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of  glancing 
through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Membership, 
or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think  should  not  be  clas- 
sified in  accordance  with  the  list  given. 

Membebs 

The  following  persons  have  been  proposed  during  the  period  Oct.  10, 
1916,  to  Nov.  10,  1916,  for  election  as  members  of  the  Institute.  Their 
names  are  published  for  the  information  of  Members  and  Associates,  from 
whom  the  Committee  on  Membership  earnestly  invites  confidential  com- 
munications, favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  accordng 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Members 


Arthur  P.  Anderson.  Miami,  Axis. 

Proposed  by  C.  E.  Arnold,  George  R.  Lehman,  W.  F.  Palmer. 


Digitized  by 


Google 


American  Institute  of  Mining  Engineers  xxxvii 

Bom  1890,  Minneapolis,  Minn.  1905-09;  North  Side  High  School,  Minneapolis, 
Minn.  1909-14,  Univ.  of  Minnesota,  E.  M.  1914-16,  Construction  Work,  Great 
Northern  R.  R.,  Glacier  National  Park,  Mont.  1915-16,  Rodman,  Raise  Engr., 
Shift  Boss,  Inspiration  Cons.  Copper  Go.^  Miami,  Ariz. 

Present  position:  Shift  Boss,  Inspiration  Cons.  Copper  Co. 

Lawrence  Wright  Anderson.  Bingham,  Utah. 

Proposed  by  R.  C.  GemmelL  H.  C.  Goodrich,  Ernest  Gayford. 

Bom  1884,  Salt  Lake  Citv,  Utah.  1904-05,  General  enaaneering  course,  Univ.  of 
Mich.,  Ann  Arbor.  1905-06.  General  endneering  course,  Univ.  of  Columbia,  New 
York  City.  1906-07,  Nevada  Goldfield  Reduction  Co.,  Goldfield,  Nev.  1907-09, 
Utah  Copper  Co.,  Mania  concentrating  mill,  Garfield,  Utah.  1909^11,  Dragon  Iron 
Min.  Co.,  saver  City,  Utah. 

Present  position:  1911  to  date.  Level  foreman,  Utah  Copper  Co. 

Thomas  B.  H«  Aiylrifiy  Miami,  Ariz. 

Proposed  by  Rudolf  Gahl,  R.  S.  Allen,  Guv  H.  Ruggles. 

Bom  1890,  Newark,  N.  J.  1908-10,  Sheffield  Scientific  School,  Yale  Univ. 
1910-13,  Michigan  College  of  Mines,  E.  M.,  B.  S.  1913-15,  Statistician,  Common- 
wealth £kiison  Co.,  Chicago,  HI. 

Present  position:  1915  to  date,  Ball  Mill  Expert,  Inspiration  Cons.  Copper  Co. 

Clarence  William  Barnard,  Globe,  Aris. 

Proposed  by  H.  H.  Colley,  W.  B.  Cramer,  C.  T.  Emrich. 

Bom  1886,  Maple  Rapids,  Mich.  1906^  Grad.,  Durand  High  School,  Durand, 
Mich.  1909,  Grad.,  Michigan  College  of  Mmes.  Houghton,  MictL  B.  Sc.  and  E.  M. 
1909,  Employed  as  care  taker.  El  Dorado  Gold  Dredge,  Diamond  City.  Mont.  1909, 
Leaser  on  Gold  Hill,  Diamond  City,  Mont.  1909,  Asst.  Min.  Ekigr.,  Penn  Iron  Min. 
Co.,  Vulcan,  Mich.  1911,  Furnace-man,  Canadian  Copper  Co.,  Copper  Cliff,  Ont. 
1911.  Min.  Engr.,  Asbestos  and  Asbestic  Co.,  Asbestos,  Prov.  of  Quebec. 

Present  position:  Treas.  and  Resident  Mgr.,  Arizona  Asbestos  Assn. 

Charles  Bentley,  Rapid  City.  So.  Dak. 

Proposed  by  Welton  J.  Crook,  A.  S.  Halley,  Louis  D.  Huntoon. 
Bom  1877,  Ontario,  Canada.    Prior  to  1896,  Graded  School.  Grindstone  City, 
Mich.     1896-1909,  Home  study.     1909-11,  So.  Dakota  State  School  of  Mines  as 
'  1  student.     1896-1903,  Sampler,  Deadwood  and  Delaware  Smelter,  Deadwood, 


S.  D.  1903-06,  Asst.  Assayer,  Horseshoe  Min.  Co.,  Teri^,  S.  D.  1906-09,  Assayer 
and  later  Supt.  of  Cyanide  Plant,  Bonanza  Mine,  in  Pis  Pis  District,  Nicarauga, 
C ;»  A.     1911-16,  Head  Assayer,  Trojan  Min.  Co.,  Trojan,  S.  D. 

Present  position :  In  charge  of  Bureau  of  Mines,  So.  Dakota  State  School  of  Mines. 

William  C.  Bochert,  Rapid  City,  So.  Dak. 

Proposed  by  Welton  J.  Crook,  Cleophos  C.  O'Harra.  Louis  D.  Huntoon. 

Bom  1887,  Grimma,  Germany.  Up  to  1904,  Public  Schools,  Dubuque,  Iowa. 
1909-10,  Preparatory,  So.  Dakota  School  of  Mines.  1910-14^  College  course,  So. 
Dakota  School  of  Mines,  B.  S.  1909-14,  Underground  work,  Homestake  Min.  Co., 
Lead,  So.  Dak.     1914-16.  Assayer  and  Millman,  Trojan  Min.  Co.,  Trojan,  So.  Dak. 

Present  position:  Proi.  of  Mining,  So.  Dakota  School  of  Mines. 

Floyd  R.  Brooks,  Worthin^n,  Ont.,  Canada. 

Proposed  by  C.  C.  O'Harra,  Welton  J.  Crook,  Amil  A.  Anderson. 

Bom  1888,  Rapid  City,  So.  Dak.  1911,  Grad.,  So.  Dakota  School  of  Mines, 
Rapid  City,  So.  Dak.  1911,  Engr.,  Inspiration  Copper  Co.  1911-13,  Solution  man, 
Trojan  Mm.  Co.,  Trojan,  So.  Dak.  1913,  Miner  and  Foreman,  Inspiration  Cons. 
Copper  Co.  1913-14,  Surface  Boss,  Mond  Nickel  Co.,  Ltd.  1914  to  date :  Shift  Boss, 
undergroimd,  Mond  Nickel  Co.,  Ltd. 
.    Present  position:  Mine  Foreman,  Mond  Nickel  Co.,  Ltd. 

John  Albert  Burfess,  Oatman,  Ariz. 

Proposed  by  Phuip  Wiseman,  S.  W.  Mudd,  Frank  A.  Keith. 

Bom  1876,  St.  John,  N.  B.,  Canada.  1902-06,  Univ.  of  Cal..  College  of  Mining, 
B.  S.  190&-11,  Chief  Engr.,  and  Geol.,  Tonopah  Mining  Co.  or  Nevada,  Tonopah, 
Nev.     1911-16^  Supt.,  Nevada  Wonder  Min.  Co.,  Wonder,  Nev. 

Present  position:  Genl.  Supt.,  United  Eastem  Min.  Co. 
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Arthur  William  Burgren,  £1  Paso,  Tex. 

Proposed  by  W.  M.  Drury,  W.  J.  Deavitt,  R.  F.  Manahan. 

Bom  1880,  San  Francisco,  Cal.  1886-96,  Primary  and  Grammar  Schools,  San 
Francisco.  1904-05,  Preparatory  School,  San  Francisco.  1905-10,  Stanford  Univ., 
A.  B.  Degree  Geology  and  Mining.  1896-02,  Machinist  with  W.  T.  Garratt  &  Co., 
American  Can  Co.,  and  Union  Iron  Works,  San  Francisco.  1902,  Timbeiman  with 
Oneida  Gold  Mining  &  Milling  Co..  Sutter  Creek,  Cal.  1903-04,  Junior  Engr.,  U.  S. 
Army  Transport  "Thomas,"  Philippine  Service.  1904-05,  Student,  Preparatory 
School,  San  Francisco.  1905-10,  Student,  Stanford  University,  Cal.  1910-11, 
Miner,  Sampler,  and  Asst.  Engr.,  with  Montana,  Tonopah  and  MacNamara  Mining 
Co.,  Tonopah,  Nev.  1911-12,  Asst.  to  the  Mgr.,  Santa  Maria  (Mexico)  Mines  Ltd., 
at  Minillas,  Zac,  Mexico.  1912-14,  Chief  Engr.,  Dolores  Mines,  American  Smelters 
Securities  Co.,  Matehuala,  S.  L.  P..  Mexico.  1914-15,  Millman,  Flotation  Mill  of 
the  Eneel  Copper  Mining  Co.,  Keddie,  Cal.  1915,  June  and  July  examination  work 
at  Valdez,  Alaska.  1915,  To  December  31st,  Engr.,  Cinco  Mines  Co.,  Jalisco, 
Mexico. 

Present  position:  January,  1916,  to  date,  Chief  Engr.,  Dolores  Mines  of  the 
American  Smelters  Securities  Co. 

Albert  Cameron  Burrage,  Boston,  Mass. 

Proposed  by  H.  L.  Smyth,  Charles  H.  White,  George  S.  Raymer. 

Bom  1859,  Ashburton,  Mass.  1883,  Harvard  College,  A.  B.  1899,  Organizer 
and  Director  of  Amalgamated  Copper  Co.,  and  Santa  Rita  Copper  Mining  Co.  1900 
to  date.  Associated  as  Director  or  President  with  a  number  of  different  mining  and 
metallurgical  companies.  By  profession  a  lawyer;  since  1899,  however,  have  given 
all  my  time  to  mining  and  metallurgical  enterprises  in  various  parts  of  the  wond. 

Present  position :  Vice-President  and  Director  of  Chile  Copper  Co. 

John  Bruce  Carlock,  Los  Angeles,  Cal. 

Proposed  by  Henry  S.  Drinker,  Benjamin  L.  Miller,  Howard  Eckfeldt. 

Bom  1882,  Cariock,  111.  1896-97,  IlUnois  State  Normal  Normal,  HI.  1897-99, 
Missouri  Normal,  Kirksville.  Mo.  1899-1900,  Elgin  Academy,  Elgin,  111.  1900-01, 
Chicago  Univ.,  Chicago,  III.  1903-07,  Lehigh  Univ.,  So.  Bethlehem,  Pa..  E.  M. 
1901-03,  American  Can  Co.,  New  York,  Chicago,  Kansas  City.  1907-09,  Blast 
Furnace  Dept.,  Bethlehem  Steel  Co.,  So.  Bethlehem,  Pa.  1909,  Edison  Cement  Co., 
New  Village,  N.  J.  1910,  Prospecting  in  Lower  California.  1910-11,  Supt.,  Eureka 
Min.  Co.,  Magalia,  Cal.  1912-13,  Div.  Engr.,  General  Petroleum  Co.,  Taft,  Cal. 
1913-14,  Supt.  of  Refineries,  General  Petroleum  Co.,  Los  Angeles,  Cal.  1914-15, 
Mgr.,  Pacific  States  Refineries,  Oakland,  Cal.  1915-16,  Div.  Mgr.,  Richfield  Oil  Co., 
San  Francisco. 

Present  position :  Mgr.  of  Refineries,  Richfield  Oil  Co. 

Tames  Joseph  Carrigan,  Butte,  Mont. 

Proposed  by  C.  W.  Goodale,  C.  L.  Berrien,  J.  Gillie. 

Bom  1886,  Hancock,  Mich.  1901-03,  Attended  St.  Patrick's  High  School,  Han- 
cock, Mich.  1903-05,  Attended  Hancock  High  School,  Hancock,  Mich.  1905-08, 
Attended  Michigan  College  of  Mines,  Houghton,  Mich.  1908-09,  Worked  as  miner 
in  the  St.  Lawrence  Mine  of  the  Anaconda  Copper  Co.  1909-12,  Worked  in  Geolog- 
ical Dept.,  of  Anaconda  Copper  Co.  1912-15,  Shift-boss  in  Badger  State  Mine  of 
Anaconda  Copper  Co.     1915-16,  Safety  Engineer,  Anaconda  Copper  Co. 

Present  position:  Asst.  Genl.  Supt.  of  Mines,  Anaconda  Copper  Co. 

Perry  L.  Charles,  Anaconda,  Mont. 

Proposed  by  Louis  V.  Bender,  Harry  S.  Ware,  Ralph  Hayden. 

Bom  1892,  Hiawiatha,  Nebr.  1907-11,  Broadway  High  School,  Seattle,  Wash. 
1912-16,  Univ.  of  Washington,  Seattle,  Wash.,  Chemical  Engineering.  1911-12. 
United  States  Engineering  Dept.,  River  and  Harbor  Survey. 

Present  position :  Chemist,  Research  Dept.,  Washoe  Reduction  Works,  Anaconda 
Copper  Min.  Co. 

Thomas  Cowperthwaite,  Warren,  Ariz. 

Proposed  by  L.  D.  Ricketts,  John  C.  Greenway,  Ira  B.  Joralemon. 

Bom  1876,  Northumberiand,  England.  1905,  Missouri  School  of  Mines,  B.  Sc. 
1907,  Engrg.  Dept.,  Calumet  and  Arizona  Min.  Co. 

Present  position:  1915  to  date.  Safety  Inspector,  Calumet  and  Arizona  Min.  Co. 
and  allied  companies. 
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Earl  B.  Crane,  Black  Butte,  Ore. 

Proposed  by  W.  B.  Dennis,  Robert  M.  Betts,  Albert  Burch. 

Born  1878,  Ottawa,  Kans.  1896-98,  Univ.  of  Idaho.  1898-1900,  Mass.  Inst,  of 
Tech.  1896,  Assayer,  Josie  Gold  Min.  Co.,  Rossland,  B.  C.  1901.  Miner.  Marrison 
Mine  B.  C.  Copper  Co.,  Greenwood,  B.  C.  1904,  Office  Man,  Atlas  Gold  Min.  Co., 
Concord,  Idaho.  1906,  Supt.,  Trethewey  Silver  Cobalt  Min.  Co.,  Cobalt,  Ont. 
1914,  Engr.,  Cornucopia  Mines  Co^  Cornucopia,  Ore. 

Present  position:  Supt.,  Black  Butte  Quicksilver  Mine. 

CHiarles  Williamson  Cromwell,  Warren,  Ariz. 

Proposed  by  L.  D.  Ricketts,  A.  G.  McGregor,  Ira  B.  Joralemon. 

Bom  1881,  Fort  Smith,  Ark.  1905,  Univ.  of  Arkansas,  B.  C.  1905-06,  Drafts- 
man, Virginia  Bridge  &  Iron  Co.,  Roanoke,  Va.  1906-07,  Draftsman,  McClintic- 
Marshall  Const.  Co.,  New  York  City.  1907-08,  Draftsman,  Southwestern  Bridge 
Co.,  Joplin,  Mo.  1908-12  Draftsman,  Boston  &  Montana  Cons.  Copper  &  Silver 
Mining  Co,  Great  Falls,  Mont. 

Pr^nt  position:  1912  to  date,  Civil  &  Structural  Engr.,  on  metallurgical  plants, 
Warren,  Anz. 

George  Corliss  Crossley,  Toms  River.  N.  J. 

Proposed  by  S.  T.  Nicholson,  H.  C.  Bojmton,  C.  G.  Roebling. 

Born  1881,  Trenton,  N.  J.  Attended  State  School,  Trenton,  N.  J.,  and  Drexel 
Institute,  Philadelphia,  Fa.  After  education,  three  years  apprentice  in  machine  shops, 
blacksmith  shop,  foundry  and  pattern  shop  of  my  father  at  Trenton,  N.  J.  Two 
vears  outside  erecting  and  prospecting.  Since  then  operating  own  mines  at  Batchel- 
lerville,  N.  Y.,  and  Cranberry  Creek,  N.  Y.  (feldspar  and  quartz) ;  Saylorsburg,  Pa., 
(kaolin);  Wells  Mills.  N.  Y.  (fire  clay);  Crossley,  Ocean  Co.,  N.  J.  (high  grade  clays 
and  siUca  sand).  Did  consulting  work  and  prospecting  occasionally  since  graduation 
from  technical  school.  (Specialty,  mining  and  milling  of  feldspar,  quartz,  kaolins 
and  clays.) 

Present  position :  Owner  and  operator.  The  Crossley  Mines. 

Michael  Curley,  Ajo,  Ariz. 

Proposed  by  J.  Owen  Ambler,  John  C.  Greenway,  L.  D.  Ricketts. 

Bom  1874,  Ireland.  High  School  education.  Prior  to  date  below  in  railroad 
work,  Ticket  Agent.  Cashier.  1902,  Accounting  Dept.,  Oliver  Iron  Min.  Co.,  Duluth, 
Minn.  1905,  Chiel  Clerk,  Camsteo  District.  1908,  Supt.,  Camsteo  Mine.  Coleraine 
Mine.  1910,  Supt.,  Hill  Mine,  Marble,  Minn.  1912,  Supt.,  New  Cornelia  Copper 
Co.,  Ajo,  Ariz. 

Present  position :  Genl.  Supt.,  New  Cornelia  Copper  Co. 

Joseph  E.  Curry,  Warren,  Ariz. 

Proposed  by  Ira  B.  Joralemon,  E.  E.  Whiteley,  L.  D.  Ricketts. 

Bom  1870,  Visalia,  Cal.  Twelve  years  as  Accountant  and  Chief  Clerk,  Copper 
Queen  Cons.  Min.  Co.  Fourteen  years  as  Accoimtant  and  Chief  Clerk,  Calumet  and 
Arizona  Min.  and  Superior  and  Pittsburgh  Copper  Co. 

Present  position;  Chief  Clerk,  Calumet  and  Arizona  Mining  Co. 

Lionel  Hennan  Duschak,  Berkeley,  Cal. 

Proposed  by  F.  G.  Cottrell,  Frank  H.  Probert,  Benjamin  B.  Lawrence. 

Bom  1882,  Buffalo,  N.  Y.  1899,  Graduated  Buffalo  Central  High  School.  1904, 
University  of  Michigan,  A.  B.  1908,  Princeton  Univ.,  A.  M.,  Ph.  D.  in  Chemistry. 
1905-09,  Asst.  and  Instructor  in  Chemistry,  Princeton  University.  1909-13,  Phys. 
Chemist,  Coming  Glass  Works,  Coming,  N.  Y. 

Present  position:  1913  to  date.  Chemical  Engineer  Metallurgical  Div.,  U.  S. 
Bureau  of  Mines,  Berkeley,  Cal. 

Charles  W.  Eichrodt,  Miami.  Ariz. 

Proposed  by  C.  E.  Arnold,  George  R.  Lehman,  W.  F.  Palmer. 

Bom  1889,  Indianapolis,  Ind.  1903-07,  Manual  Training  High  School,  Indian- 
apolis. 1907-09,  Univ.  of  Michigan.  1909-11,  Univ.  of  Indiana,  A.  B.  1911-14, 
Ck)lumbia  Univ.,  E.  M.  1914r-15,  Detroit  Copper  Co.,  Morenci,  Ariz.  1915,  Copper 
Queen  Cons.  Min.  Co. 

Present  position:  1915  to  date.  Shift  Boss,  Inspiration  Cons.  Copper  Co. 
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Carl  Sigmund  Elayer.  Copper  Hill.  Ariz. 

Proposed  by  Robert  R.  Boyd,  Walter  Harria,  W.  B.  Cramer. 

Bom  1890,  Salem,  Mo.  1908,  Grad.,  East  St.  Louis  High  School,  East  St.  Louis, 
m.  1911-12,  Freshman  year.  Missouri  School  of  Mines,  Kolla,  Mo.  1913,  Sample 
Dept.,  Copper  Queen  Cons.  Min.  Co.,  Douglas,  Aria.  1913-15,  Miner,  Globe  Da- 
trict.  Globe,  Ariz.     1915,  Engr.,  Arizona  Commercial  Min.  Co. 

Present  position:  Mine  Foreman,  Arizona  Commercial  Min.  Co. 

T.  Evans,  Cananea,  Son.,  Mex. 

Proposed  by  L.  D.  Kicketts,  Geom  Kingdon,  John  C.  Greenway. 

Bom  1871,  Aberdeen.  Mich,  mgh  School.  1889,  Southern  Ry.,  Memphis. 
1892,  niinois  Central  R.  R.,  Chicago.  1901,  The  Cananea  Cons.  Copper  Co.  1910, 
Mgr.,  The  Mine  and  Smelter  Supply  Co.,  I>enver,  Colo. 

Present  position:  1915  to  date,  Traffic  Mgr.  and  Purchasing  Agent,  The  Cananea 
Cons.  Copper  Co. 

Charles  Hurin  Fay,  Hanover,  N.  Mex. 

Proposed  by  Arthur  Thacher,  Karl  A.  Strand,  Cony  T.  Brown. 

Bom  1889,  Wyoming,  O.  1895-1903,  Wyoming  Public  School,  Wyoming.  0. 
1903-07,  Wvoming  High  School,  Wyoming,  O.  1908-13,  Colorado  School  of  Mines, 
Golden,  Colo.,  E.  M.  1907-08,  Clerk,  The  Philip  Corey  Co.,  Cincinnati,  O.  1912, 
Chemist,  San  Luis  Valley  Susar  Co.  1913,  Machine  man,  The  Colorado  Yule  Marble 
Co.,  Marble,  Colo.     1913,  Mucker,  The  Smuggler  Min.  Co^  Aspen,  Co. 

Present  position:  1914  to  date,  Engr.,  Hanover  Mines,  The  Empire  Zino  Co. 

Herbert  Walter  Felton.  Naoozan.  Son..  Mex. 

Proposed  by  J.  S.  Williams,  H.  T.  Hamilton,  C.  I.  Schultz. 

Bom  1884.  Mazatlan,  Sinaloa,  Mex.  1898-1901,  Grad^  Hamilton  Grammar 
School,  San  Francisco,  Cal.  1901-04,  Grad.,  Lowell  High  School,  San  Frandaco, 
Cal.  1904-08,  Grad.,  College  of  Mines,  Univ.  of  Cal.,  Berkeley JCaL  1908,  Mucker, 
Tonopah  Min.  Co.,  Tonopah,  Nev.  Making  Mine  Model,  West  End  Min.  Co., 
Tonopah,  Nev.  1909,  Mine  Sampler.  Machine  man.  Machine  Boss,  Night  Foreman, 
Butters  (Jopala  Mines  Co.,  Copala,  Sm.,  Mex.  1910-12,  Shift  Boss,  Minas  del  Tajo 
Min.  Co.,  Rosario,  Sin.,  Mex.  1913,  Mine  Foreman,  Mexican  Mines  Co.,  Bolanos, 
Jal.,  Mex.  1913  to  date,  Level  Boss,  Nisht  Foreman,  Division  Foreman, Moctezuma 
Copper  Co.,  Pilares  de  Nacozari,  Son..  Mex. 

Present  position:  Division  Engr.  Moctezuma  Copper  Co. 

Howard  Hawthorne  Fields,  Alta,  Utah. 

Proposed  by  W.  Fitch,  R.  C.  GemmeU,  H.  C.  Goodrich. 

Bom  1887.  Mioneapolis.  Minn.  1900-07,  Univ.  of  Minnesota,  Civ.  Engrg.  1910- 
11,  Univ.  of  Minnesota,  Min.  Engrg.  1911-13,  Michigan  College  of  Mmes.  1906, 
Engr.,  Washbum  Coal  Co.,  Williston,  N.  D.  1908-10,  Engr.  and  Chief  Engr.,  Coal 
Min.  Dept.,  Cerro  de  Pasco  Min.  Co.,  Cerro  de  Pasco,  Peru,  So.  Amer.  1911-12, 
summer  vacations.  Sampler  and  Asst.  Engr.,  Utah  Cons.  Min.  Co.,  Bingham,  Utah. 
1913,  Engr.,  Utah  Cons.  Min.  Co..  Bingham,  Utah.  1913-15,  Asst.  Field  Engr. 
and  Field  Engr.,  General  Dev.  Co.,  Alaska.  1915-10,  Genl.  Mgr.,  Triangle  Min.  Co., 
Alta.  Utah  (Leasing). 

Present  position:  Genl.  Mgr.,  Triangle  Mining  Co. 

Frederick  H.  FinnelL  lola,  Kans. 

Proposed  by  H.  G.  Hixon,  J.  P.  Varian,  G.  M.  Garlock. 

Bom  1879,  Englevale,  Kans.  1897,  High  School,  Pittsburg,  Kans.  1901-;04, 
Chemistiy,  International  Correspondence  Schools,  Scranton.  Pa.  1914.  Drawing, 
International  Correspondence  School,  Scranton,  Pa.  Metailuigy,  Mechanics  and 
other  studies  at  home.  1898-1902,  Asst.  in  laboratory,  Cherokee  Lanyon  Spelter 
Coy  Pittsburg  and  Gas,  Kans.  1903-06,  Chemist,  Prime  Westem  Spelter  Co.,  Gas 
and  lola,  Kans.  1907,  Chemist  and  Asst.  Ore  buver,  Morlom  and  SchlosSj  Monterey, 
Mexico.     1908-12,  Chemist,  Prime  Westem  Spelter  Co.,  Gas  and  lola,  Kans. 

Present  position:  Supt.,  Prime  Westem  Spelter  Co.,  Plaht  No.  1,  Gas,  Kans. 

Duncan  Davidson  Forbes,  Clifton,  Ariz. 

Proposed  by  Norman  Carmichael,  M.  R.  Hull,  Arthur  Crowfoot. 

Bom  1891,  London,  England.  1907-11, 1  had  a  hi^h  school  education  in  London, 
England,  followed  by  an  engineering  course  at  the  Umversity  of  London  from  which 
I  graduated  with  an  Honour  B.  Sc.  degree  in  mechanical  and  civil  engineering.     1907- 
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12,  Before  entering  the  Univeraitv  I  became  a  pupil  of  8ir  A.  F.  Yarrow  and  had  a 
three-year  training  in  mechanical  engineering  in  tne  shops  and  shipysjrd  in  Messrs. 
Yarrow  &  Co.,  LtdL  which  was  completed  in  1912.  1912-14,  Draftsman  with  Messrs. 
Yarrow  k  Co.,  Ltd.,  Glasgow^  Scotland.  1914-16,  Draftsman  and  Asst.  Estimator 
with  the  Anaconda  Copper  Mming  Co.,  Anaconda,  Mont. 

Present  position:  Estimator  in  the  Engineering  Dept.,  of  the  Arizona  Copper  Co., 
Clifton,  Ari2. 

Carroll  A.  Gamer,  Hazleton,  Pa. 

Proposed  by  R.  V.  Norris,  H.  W.  Monta,  Paul  Sterling. 

Bom  1889,  Ashland.  1910,  Pennsylvania  State  College--School  of  Mines— B.  S. 
in  Mining.  1910-11,  Miami  Copper  Co.,  Engrg.  Dept.,  Miami,  Ariz.  1911-12, 
Inspiration  Cons.  Copper  Co.,  Miami,  Ariz.  1912-13,  Instructor  in  Mining,  Pennsyl- 
vania State  College. 

Present  position:  1913  to  date,  Div.  Engr.,  Lehigh  Valley  Coal  Co. 

Herbert  Spencer  Gieser,  Anaconda,  Mont. 

Proposed  by  Louis  V.  Bender,  Harry  S.  Ware,  Bayard  S.  Morrow. 

Bom  1884,  Kansas  City,  Mo.  1906.  Montana  School  of  Mines,  E.  M.  1907, 
Aflst.  Surveyor,  North  Butte  Min.  Co.,  Butte,  Mont.  1908,  CyaniderjEl  Oro  Min.* 
and  Ry.  Co.,  Ltd.,  El  Oro,  Mex.  1909,  Concentrator,  Butte  Reduction  Works,  Butte, 
Mont.  1909,  Cyanider,  Easton  Pacific  Mining  Co.,  Virginia  City,  Mont.  1910, 
Laboratory,  charge  Sampling  MiU.  Cerro  de  Pasco  Min.  Co.,  La  Fundicion.  Pem. 
1911,  Foreman  Concentrator,  Braaen  Copper  Co.,  Rancagua,  Chile.  1911,  Battery 
City  Deep,  Ltd.,  Johannesburg,  Transvaal.  1911,  Cyanider,  Brakpan  Mines,  Ltd., 
BnJcpan,  Transvaal.  1912,  Cyanider,  Benoni  Cons.  Ltd.,  Benoni,  Transvaal.  1912, 
Mine  Sampler.  Jupiter  Gold  Min.,  Ltd.,  Cleveland,  Transvaal.  1912,  Battery,  East 
Rand  Prop.  Mines,  Ltd.,  Boksburg,  Transvaal.  1912-13,  Mine  Surveyor,  Witwaters- 
rand  Deep,  Ltd»  Germiston,  Transvaal.  1913-15,  Experimental  Chemist,  charge 
sintering  plant,  Cerro  de  Pasco  Min.  Co.,  La  Fundicion.  Pem. 

Present  position:  1915  to  date.  Flotation  operator.  Anaconda  Copper  Min.  Co. 

George  Henry  Oilman,  Claremont,  N.  H. 

Proposed  by  Benjamin  F.  Tillson,  R.  M.  Catlin,  H.  Comstock. 

Bom  1881,  Richmond,  Que.  Academic  in  Canada,  supplemented  with  private 
tuition  by  competent  En^eers.  1899-1902,  Special  shop  course  in  Engineering, 
Pattem  making  and  Machme  work,  Canadian  Rand  Co.,  Sherbrooke,  Que.  1902-04, 
Asst.  Supt^  Franklin  Machine  and  Tool  'Qo^  Franklin,  Pa.  1904-05,  Master 
Mechanic,  E.  L.  Smith  Co.,  Barre,  Vt.  1905-09,  Eiigr.,  Hammer  Rock  Drills,  Sullivan 
Machinery  Co^  Claremont,  N.  H.  1909-16,  in  charge  design,  development  and  manu- 
facture Rock  Drilling  Machinery,  Sullivan  Machinery  Co^  Claremont,  N.  H. 

Present  position:  Engineer  m  charge.  Rock  Drilling  Dept.,  Sullivan  Machinery 
Co. 

Vllleroy  Gleason,  Jr.,  Anaconda,  Mont. 

Proposed  by  Louis  V.  Bender,  Harry  S.  Ware,  Bayard  S.  Morrow. 

Bom  1888,  Eureka,  Kans.  1896-1903,  Grade  School,  Kansaa  City,  Mo.  1903- 
07,  High  School,  Seattle,  Wash.  1907-10,  and  1911-12,  College  of  Mmes,  Univ.  of 
Wash.  1914-15,  Student  Assistant  in  Mining  to  Dean  of  College  of  Mines,  Univ.  of 
Wash.  1905-10,  summers  spent  in  mine,  surveying,  sampling  and  milling  work  nec- 
essary for  degree.  1910-11,  Underground  Surveyor,  Britannia,  B.  G  1912-13, 
Engineering  work,  Canadian  Pacific  R.  R.  1913-14,  Geologic  Survey,  with  MHnor 
Roberts,  Graham  Island,  B.  C. 

Present  position:  1915  to  date.  Foreman  in  Concentrator,  Washoe  Reduction 
Works. 

John  Newton  Goddard^  Herculaneum,  Mo. 

Imposed  by  S.  Paul  Lmdau,  William  Allen  Smith,  Frans  Cazin. 

Bom  1876,  Plainfield.  N.  J.  1898,  Mass.  Inst,  of  Technology^  S.  B.  1898,  Chem- 
ist, Pueblo  Smelt.  &  Ref.  Co.  1899,  Chemist,  Monterey  (Mexico)  Plant,  American 
Smelt,  and  Ref.  Co. 

Present  position:  1905  to  date,  Supt.  of  Smelting,  St.  Joseph  Lead  Co. 

Leslie  Hall  Goodwin,  Boston,  Mass. 

Proposed  by  Allen  H.  Rogers,  Edward  E.  Bugbee,  Charles  E.  Locke. 
Bom  1886.  Sanford,  Me.     1906-08,  English  High  School,  Boston,  Mass.     1908-12, 
Mass.  Inst,  oi  Technology,  Boston,  Mass.,  B.  Sc.     1910,  summer,  Chainman,  Oliver 
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Iron  Min.  CJo.,  Keewatin,  Minn.  I9I1,  summer,  Underground  miner,  and  Aasayer, 
Utah  Apex  Min.  Co.,  Bingham  Canyon,  Utah.  1912-14,  Asst.  Min.  Engr.,  Quincy 
Min.  Co.,  Hancock,  Mich. 

Present  position:  1915  to  date,  Asst.  Min.  Engr.,  with  Allen  H.  Rogers. 

Cij£ford  Gold  Grant,  Anaconda,  Mont. 

Proposed  by  Louis  V.  Bender,  a&TTy  S.  Ware,  C.  R.  Kuzell. 

Bom  1893,  New  Haven,  Conn.  1910-13,  Yale  Univ.,  SheflSeld  Scientific  School, 
Ph.  B.  1913,  Asst.  Chemist,  American  Smelt.  &  Ref.  Co.,  Durango,  Colo.  1913, 
Testing  Dept.,  International  Smelt.  &  Ref.  Co.,  Tooele,  Utah.  1914,  Mining,  Silver 
King  Mine,  Park  City,  Utah.  1914,  Asst.  Chemist,  Henry  E.  Wood  Ore  Testing  Co- 
Denver,  Colo.  1914-16.  Min.  Engr^  Ottis  Dev.  and  Power  Co.,  Keystone,  So.  Dak. 
1915-16,  Asst.  Testing  Engr.,  Asst.  Chemist,  Anaconda  Copper  Min.  Co. 

Present  position:  instrument  man,  Reverberatory  Dept.,  Anaconda  Copper  Co. 

Erasmus  Haworth,  Lawrence,  Kans. 

Proposed  by  H.  A.  Wheeler,  Arthur  Thacher,  H.  A.  Buehler. 

Bom  1855,  Warren  Co.,  Iowa.  1881,  Univ.  of  Kansas,  B.  S.  1888,  Johns  Hop- 
kins Univ.,  Ph.  D.  1883-92,  Prof,  of  Science,  Penn  College,  Iowa.  1892,  Asst.  Prof., 
'  Geology  and  Mineralogy,  Univ.  of  Kansas. .  Promoted  first  to  Associate  Professor, 
then  to  full  Prof,  of  Geology,  Mineralogy  and  Mining.     1902-15,  State  Geol.,  resigned. 

Present  position :  Head  Prof.,  Geology  and  Mineralogy,  Univ.  of  Kansas. 

Clyde  L.  Holmberg,  Jerome.  Ariz. 

Proposed  by  Robert  H.  Dickson,  I.  B.  Joralemon,  W.  B.  Grohring. 

Bom  1887,  Duluth.  Minn.  1902,  Grammar  School.  1906,  High  School.  1913, 
Graduated  Michigan  College  of  Mines,  Sc.  B.,  and  M.  E.  1908-09,^Draftsman,  Oliver 
Iron  Mining  Co.,  Duluth,  Minn.  1909-10,  Rodman.  Oliver  Iron  Mining  Co.,  Ish- 
peming,  Mich.  1913-14,  Survevor  Central  Coal  and  Coke  Co.,  Kansas  City,  Mo. 
1914-15,  Engineer,  Arthur  Iron  Mining  Co. 

Present  position :  Engineer  with  United  Verde  Extension  Mining  Co. 

Olof  Hondnim.  Cananea,  Son.,  Mexico. 

Proposed  by  M.  J.  Elsing,  George  Kingdon,  L.  D.  Ricketts. 

Born  1887,  Nori^^ay.  1909,  High  School,  Bemidji,  Minn.  1913,  School  of  Mines, 
Univ.  of  Minnesota,  Minneapolis,  Minn ^  E.  M.  1913,  Draftsman,  Oliver  Iron  Min. 
Co.,  Eveleth,  Minn.  1913-14,  Engr.,  Cananea  Cons.  Copper  Co.,  Cananea,  Son., 
Mex.  1914-15,  Assayer  and  Millman,  Cerro  de  Plata  Min.  Co.,  Cerro  de  Plata,  Son., 
Mexico. 

Present  position:  1915  to  date.  Chief  Engr.,  Cananea  Cons.  Copper  Co. 

Albert  Joseph  Houle,  Houghton,  Mich. 

Proposed  by  F.  W.  Sperr,  F.  W.  McNair,  W.  E.  Hopper, 

Bom,  1874,  Ishpemmg,  Mich.  1878-89,  Public  Schools  of  Mich.  188^93, 
Negaunee  High  School.  1893-96,  Michigan  Min.  School,  S.  B.,  E.  M.  1896-1907, 
Practice.  1896-99,  Asst.  in  Min.  Dept.,  Michigan  College  of  Mines.  189^1900, 
Surveyor,  Copper  Range  Copper  Co.  1900-01,  Draftsman,  Ellsworth  Coal  Co. 
1901-02,  Engr.,  United  Globe  Mines,  Globe,  Ariz.  1902-03,  Constmction,  Encamp- 
ment Smelt.  Co.,  Wyo.  1903-06,  Development  work,  Michigan  Dev.  Co.,  Pearce, 
Ariz.     1912-13^  Smelt,  work.  Douglas,  Ariz.     1907-16,  Teaching. 

Present  position:  Prof,  ol  Metallurgy,  Michigan  College  of  Mines. 

R.  E.  Howe,  Anaconda,  Mont. 

Proposed  by  L.  V.  Bender,  H.  S.  Ware,  C.  R.  Kuzell. 

Bom  1878,  Lodi,  Ohio.  1895,  Lodi  High  School.  1898-1900,  Western  Reserve 
Academy.  1904,  Ohio  State  University,  E.  M.  1904-06,  Assayer  for  Twentieth 
Century  Mining  &  Power  Co.,  and  for  Rabbit  Foot  Mining  Co.  1907-16,  With 
Anaconda  Copper  Mining  Co.,  at  Washoe  Reduction  Works  as  Testing  Engineer, 
Chemist,  Chief  Chemist  and  Asst.  Siipt.  of  Converters. 

Present  position:  Asst.  Supt.  of  Converters,  Washoe  Reduction  Works. 

Hamilton  H.  Howry,  New  York.  N.  Y. 

Proposed  by  R.  M.  Raymond,  Robert  Peele,  Homer  L.  Carr. 

Bom  1893,  Saginaw,  Mich.  1909-11,  East  Denver  High  School,  Denver,  Cdo. 
1911-15,  Columbia  Univ.,  School  of  Mines,  Met.  E.  1915-16,  U.  S.  Gold  Corpn., 
Boulder,  Colo. 

Present  position:  Research  w^ork,  Chile  Exploration  Co. 
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Robert  W.  Hughes,  Miami,  Ariz. 

Proposed  by  C.  E.  Arnold,  H.  I.  Merricks,  George  R.  Lehman. 

Bom  1891,  Washington.  1906-10,  High  School,  Mankato,  Minn.  1915,  Univ. 
of  Wisconsin,  B.  S.  1913,  nine  months,  underground.  Anaconda  Min.  Co.,  Butte, 
Mont. 

Present  position:  1915  to  date.  Inspiration  Cons.  Copper  Co. 

Joseph  Stewart  Irwin,  Tulsa,  Okla. 

Proposed  by  C.  L.  Severy,  G.  H.  Cox,  D.  H.  Radciifife. 

Bom  1888,  Louisiana,  Mo.  1896-1907,  Grammar  School  and  High  School, 
Louisiana,  Mo.  1908-12,  Missouri  School  of  Mines,  B.  S.  in  Mine  Engineering. 
1913-16,  Graduate  work,  Missouri  School  of  Mines  and  Lehigh  Univ.  1913-14,  In- 
structor in  Geology,  Missouri  School  of  Mines.  1915-16,  Lehigh  Univ.,  So.  Bethle- 
hem, Pa. 

Present  position :  Geol.,  Carter  Oil  Co. 

Ichiro  Ito,  Osaka,  Japan. 

Proposed  by  S.  Ivarada,  F.  Puketa,  M.  Yamashita. 

Bom  1888,  Tokyo.  1913,  Grad.,  Tokyo  Imperial  Univ.,  College  of  Engrg.,  Dept. 
of  Met.     1913-16,  Met.  Engr.,  Ikinno  Mme,  Mitsubishi  &  Co. 

Present  position:  Chief  Engr.,  Mitsubishi  Osaka  Smeltering  Works. 

Gamett  Alfred  Joslin,  Los  Angeles,  Cal. 

Proposed  by  Burr  A.  Robinson,  D.  B.  Myers,  Charles  E.  Locke. 

Born  1883,  Fargo,  So.  Dak.  1902,  Grad.,  High  School,  Los  Angeles.  1904-09, 
Mass.  Inst,  of  Technology,  Civil  and  Min.  Engrg.,  B.  Sc.  in  mining.  1909-12,  Asst. 
to  Frank  C.  Loring,  Toronto,  in  Cobalt  and  Porcupine  mining  districts.  1912,  Gold- 
fields  American  Dev.  Co.  of  New  York.  1912,  Supt.,  stamp  mill,  Johnnie  Min.  A 
Mill.  Co.,  Johnnie,  Nev.  1912-13,  Geol.,  Barber  Asphalt  Co.,  Venezuela.  1913-15, 
Consulting  work,  Los  Angeles.     1915,  Ray  Cons.  Copper  Co.,  Ray,  Ariz. 

Present  position:  Consulting.  Examination  of  mmeral  prospects  and  geological 
mapping  of  timber  lands  of  Dierka  Lumber  &  Coal  Co.  in  Arkansas  and  Oklahoma. 

Samuel  Truman  Kelsey,  Jr.,  Thane,  Alaska. 

Proposed  by  Burton  B.  Nieding,  Ralph  L.  Healy,  B.  L.  Thane.    • 

Bom  1888,  Eureka,  Cal.  1902,  Graa.,  Public  School.  Other  education  acquired 
by  private  study,  practice  and  observation.  1910-12,  Asst.  to  Examiner  of  Surveys, 
Field  Division,  U.  S.  General  Land  Office,  Utah,  Cal.  and  Alaska.  1913-14,  Miner, 
sampler,  assayer  and  surveyor,  Kensington  Min.  Co.,  Kensington  Mine,  Kensington, 
Alaska. 

Present  position:  1915  to  date.  Mine  Sampler  and  Associate  Engr.j  Alaska  Gold 
Mines  Co.,  Perseverance  Mine,  Thane,  Alaska.  Four  months  as  engmeer  on  con- 
struction of  steel  tower,  electric  transmission  line. 

Donald  Campbell  Kemp,  Rolla,  Mo. 

Proposed  by  H.  A.  Buehler,  C.  R.  Forbes,  Charles  Y.  Clayton. 

Bom  1889,  Central  City,  Colo.  1915,  Univ.  of  Colorado,  B.  A.  1915,  Asst. 
Engr.,  Commonwealth  M.  &  M.  Co.  1916,  Geol.,  Wichita  Natural  Gas  and  asso- 
ciatea  companies.     1916,  summer,  prospecting  in  Boulder  Co.,  Colo. 

Present  position:  Instructor  in  Geology  and  Mineralogy,  School  of  Mines  and 
Metallurgy. 

Frank  A.  Kennedy,  Madison,  Wis. 

Proposed  by  C.  K.  Leith,  Bradley  Stoughton,  R.  S.  McCaffery. 

Bom  1879,  Plainfield,  Wis.  1906,  Graduate  University  of  Wisconsin,  General 
Engineer.  1906-07,  Oliver  Iron  Mining  Co.,  as  Asst.  Engr.  1907-12,  Chief  Engr., 
The  Shenango  Furnace  Co.  1912-16,  present  position,  Asst.  in  Mining  &  Metallurgy, 
University  of  Wisconsin. 

Rowland  B.  King.  Ashcroft,  B.  C,  Canada. 

Proposed  by  Frederic  Keffer,  J.  C.  Haas,  L.  K.  Armstrong. 

Bom  1888,  Helena,  Mont.  1903,  Grammar  School,  Spokane,  Wash.  1903-07, 
Apprentice  Ajssayer,  Spokane,  Wash.  1906-13,  Correspondence  courses,  Inter- 
national Correspondence  School  and  American  Soc.  of  Correspondence.  1913-16, 
Michigan  College  of  Mines,  Houghton,  Mich^E.  M.  1903-07,  Assayer,  The  C.  M. 
Fasset  Co.,  Spokane,  Wash.  1907,  Chemist,  The  British  Columbia  Copper  Co.,  Ltd., 
Greenwood,  B.  C.     1908,  Assayer,  Sampler,  The  Takilma  Smelt.  Co.,  Takilma,  Ore. 
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190S-09,  Chemist,  The  British  Columbia  Copper  Co.,  Greenwood,  B.  C.  1909, 
Assayer,  Patrick  Clark  at  Beowawe,  Nev.  1910-13,  Chief  Assayer,  The  British 
Columbia  Copper  Co.,  GreenwoocL  B.  C. 

Present  position:  GenL  Supt.,  Highland  Valley  Min.  &  Dev.  Co. 

Bruno  R.  Koerixiff.  Detroit,  Mich. 

Proposed  by  E.  H.  Leslie,  William  H.  Shearman,  Thomas  T.  Read. 

Bom  1870,  Germany.  188d-91,  Univ.  Halle  Wittenburg  and  Freiburg.  Germany, 
M.  D.  1894-98,  Miles  Koering  and  Sharpe,  Cons.  Min.  Engineers  and  Assayers, 
Hermovillo,  Son.,  Mex.  1900,  Min.  Engr.,  Greene  Cananea  Co.,  Cananea,  Son., 
Mez.  1901,  Genl.  Mgr.,  Manzanal  Copper  Co.,  Cananea,  Son.,  Mez.  1902-12, 
operating  my  own  mines  and  practising  medicine  in  the  State  of  Son.,  Mez.  1912-14, 
Perfecting  my  process  and  apparatus. 

Present  position:  Pres.  and  GenL  Mgr.,  Koering  Cyaniding  Process  Co. 

Harry  L.  Kohlberg^lobe,  Aris. 

Proposed  by  L.  O.  Howard,  M.  F.  Mazany,  W.  F.  Geiger. 

Bom  1884/ Elberfeld,  Germany.  1892-99,  Ober-Realschule,  EHberfeld.  1900, 
Night  school:  Drawing,  English,  etc.  1900-03.  Grad.,  Konigliche  Lobere  Maschinen- 
bauschule,  Elberfeld.  1904-06,  Draftsman,  El  Paso  Foundry  and  Machine  Co.,  El 
Paso,  Tex.  1906-11,  Draftsman.  American  Smelter  Securities  Co.,  Velardena,  Mex. 
1911-14,  Draftsman,  Repath  ana  McGregor. 

Present  position:  Mech.  Engr.,  International  Smelt.  Co.,  Miami,  Aris. 

Philip  Kraft,  Jr«|So.  Porcupine,  Ont.,  Canada. 
Proposed  by  C.  D.  Kaeding,  Walter  H.  Aldridge,  Frederick  J.  Pope. 
Bom  1890,  New  York  City.     1910,  Columbia  College,  B.  S.     1912,  Columbia 
School  of  Mines,  E.  M.     1914,  Doctor  of  Engineering,  Berlin. 
Present  position:  Geol.,  Dome  Mines  Co.,  Ltd. 

Max  Kraut,  Los  Angeles,  Cal. 

Proposed  by  Francis  J.  Gallagher,  S.  W.  Mudd,  F.  J.  H.  Merrill. 

Bom  1882,  Berlin,  Germany.  1900,  General:  Koenimtaedtischer,  Real  Gym- 
nasium, Berlin.  1905,  Engrg.,  Columbia  School  of  Mines,  E.  M.  1905-06,  Cerro  de 
Pasco  Min.  Co.,  Pern.  1906-07,  Minas  de  Cobre  de  Cutter  Cove,  Chile.  1907-10, 
Frank  Klepetko,  Pem,  and  U.  S.  1911.  Independent,  Canada.  1912-13,  Mina 
Mexico,  Son.,  Mex.     1914r-16,  PhelM,  Dodge  &  Co. 

Present  position:  Southwestern  Engineering  Co. 

Herbert  Benjamin  Kroeger,  San  Nicolas,  Cuba. 

Proposed  by  Robert  P.  Bowles,  George  F.  Kunz,  C.  M.  Weld. 

Bom  1888,  Bridgeport,  Conn.  1906,  Graduate  Bridgeport  Hij^h  School.  1906- 
07,  Academic  Dept.,  Columbia  University.  1911,  Graduate  Michigaii  College  of 
Mmes  with  degree  of  B.  Sc.  and  E.  M.  1911-13,  Chem.  &  Foreman  with  American 
Smelting  &  Refining  Co.,  Perth  Amboy,  N.  J.  1914,  with  Frank  Klepetko,  New 
York  City. 

Present  position:  1914  to  date,  Chem.,  Canto  Mining  Co.,  San  Nicolas,  Oriente 
Prov.,  Cuba. 

Gavin  William  Laurie,  St.  Louis,  Mo. 

Proposed  by  Arthur  P.  Watt,  E.  E.  Dieflfenbach,  Edward  Randolph. 

Bom  1890,  St.  Louis,  Mo.  1904-08,  Hish  School,  East  St.  Louis,  111.  1908-10, 
Practical  Engineering  Schools,  St.  Louis,  Mo.  1911-12,  Union  Electric  Light  Co., 
St.  Louis,  Mo.  1912,  Merchants  Power  Co.,  Memphis,  Tenn.  1913,  Laclede  Christy 
Play  Product  Co.,  St.  Louis,  Mo.  1914,  St.  Louis  Smelt,  &  Ref.  Co.,  St.  Louis,  Mo. 
1915,  Mine  La  Motte  Co.,  Mine  La  Motte,  Mo. 

Present  position:  Plant  Engr.,  Balbach  Smelt.  &  Ref.  Co.,  Newark,  N.  J. 

Charles  Shepard  Lee,  Dougks,  Ariz. 

Proposed  by  P.  P.  Butler,  J.  Moore  Samuel,  C.  Legrand. 

Bom  1892,  Socorro,  New  Mexico.  1914,  Mass.  Inst,  of  Technology,  B.  S.  1914- 
15,  Half  year  post  graduate  at  same  school. 

Present  position:  1915  to  date,  Asst.  to  Testing  Engr.,  Copper  Queen  Cons.  Min. 
Co.,  Reduction  Works. 

Stuart  Harrison  Levison,  Hayden,  Ariz. 

Proposed  by  R.  B.  Green,  H.  T.  Murrav,  J.  J.  Ormsbee. 

Bom  1890,  Atlanta,  Ga.    1904r-08,  Manual  Training  High  School,  Brooklyn, 
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N.  Y.     190^12,  School  of  Mines,  CJolumbia  Univ..  Met.  E.     1912-14.  American 
Smelt.  &  Ref.  Co.,  Mexico.     1914-15,  American  Smelt.  &  Ref.  Co.,  Hayaen,  Aris. 
Present  position:  Chief  Chemist,  American  Smelt.  &  Ref.  Co. 

John  Francis  Linthictun,  Bauxite,  Ark. 

Proposed  by  James  £.  Little,  John  R.  Fordyce,  Charles  F.  Rand. 

Bom  1884,  Annapolis,  Md.  1902,  St.  Johns  College,  Annapolis,  Md.,  A.  B. 
1903^-04,  Asst.  Chem.,  Maryland  Steel  Co.,  Blast  Furnace  and  Coke  Oven  Labora- 
tories. 1904-05,  Chem.,  Maryland  Steel  Co.,  wheel  works.  Asst.  Chem.,  Baltimore 
&  Ohio  R.  R.  1906,  Asst.  Chem..  New  York  Testing  Laboratory,  Long  Island  City, 
N.  Y.     1907-13,  Chief  Chem.,  The  Spanish-American  Iron  Co.,  Felton,  Cuba. 

Present  position:  1913  to  date,  Chief  Chem.,  and  Mines  mgr.,  The  American 
Bauxite  Co. 

Octavius  Louis  Lumaghl.  St.  Francois,  Mo. 

Proposed  by  W.  E.  McCourt,  W.  H.  Comins,  A.  S.  Watt. 

Bom  1893,  St.  Louis,  Mo.  St.  Louis  University  (preparatory,  high  school  and 
coUege).  1913-14,  Yale-Sheffield,  Ph.  B.,  M.  E.  1915-16,  Missouri  School  of 
Mines,  B.  Sc.  in  M.  E. 

Present  position:  Engineer,  St.  Louis  Smelting  &  Refining  Co. 

Robert  Mdntosh,  Lake  Linden.  Mich. 

Proposed  by  C.  H.  Benedict,  G.  L.  Heath,  L.  D.  Ricketts. 

Bom  1880,  Grinnell,  Iowa.  1901,  Graduated  Grinnell  College,  Grinnell,  Iowa. 
Ph.  B.  1905,  Graduated  Cornell  University,  M.  E.  1905-08,  Drafting  room  and 
erecting  shop  Nordberg  Mfg.  Co.,  Milwaukee.  1908-11.  Testing  Engr.,  Tamarack, 
Osceola  Consolidated,  Ahmeek  &  Isle  Royale  Mining  Companies,  CSdumet,  Mich. 
1911-15,  Drafting  room,  Calumet  &  Hecla  Mining  Co.,  Calumet,  Mich. 

Present  position:  1915  to  date,  Asst.  Supt.,  Stamp  Mills,  Calumet  &  Hecla  Mining 
Co. 

Hugh  J.  Maguire,  Anaconda,  Mont. 

Proposed  by  Louis  V.  Bender,  Harry  S.  Ware,  Pierce  Barker. 

Bom  1882,  Belfast,  Ireland.  1890-98,  Elementary  education,  Ireland.  1906-12, 
Preparatory  and  College  course,  Uoiv.  of  Idaho,  Moscow,  Idaho,  B.  S.  in  Min.  Engrg. 
1911-12,  Dept.  of  Mimng,  under  direction  of  Prof.  R.  S.  McCaffery.  1903,  Mucker, 
Blackhawk  and  Wyoming  Mines,  Federal  Min.  and  Smelt.  Co.,  Kello^,  Idaho. 
1904-06,  Millman,  Sweeney  Mill,  Federal  Min.  and  Smelt.  Co.,  Kellogg,  Idaho. 
1907-08,  summers,  Millman,  Mammoth  MilL  Federal  Min.  and  Smelt.  Co.,  Wallace, 
Idaho.  1909-10,  Millman^  Sweeney  MilL  Federal  Min.  and  Smelt.  Co.,  Wallace, 
Idaho.  1911,  summer.  Mill  Foreman.  Whitman  Mining  Co.,  Pearl,  Idaho.  1912, 
Assayer,  Danaher  Min.  Co.,  Hailev,  Idaho.  1912,  Testing  Dept.,  Anaconda  Copper 
Min.  Co.,  Washoe  Reduction  Works,  Anaconda.  Mont. 

Present  position:  Supt.,  Leaching  Plant,  Reduction  Works,  Anaconda  Copper 
Min.  Co. 

Walter  R.  Malm,  San  Francisco,  Cal. 

Proposed  by  Charles  W.  Merrill,  T.  A.  Rickard,  W.  H.  Shocklev. 

Bom  1893,  San  Francisco.  1908-12.  Cogswell  Polytechnical  College.  San  Fran- 
cisco, Cal.  1913,  Mech.  Engrg.,  Comell  Univ.,  Ithaca,  N.  Y.  1913-16;  Min.  and 
Met..  Stanford  Univ.,  Palo  Alto.  Cal.  1912-13,  Assayer,  Bookkeeper,  Supt.,  East 
Eureka  Min.  Co.,  Sutter  Creek,  Cal.  1914,  summer,  Assayer,  Mammuth  Copper  Co., 
Kennett,  Cid.  1915,  summer.  Asst.  Chemist,  Noble  Electric  Steel  Co.,  Heroult,  Cal. 
1915-16,  Night  Chemist.  Pacific  Coast  Steel  Co..  South  San  Francisco,  Cal.  1916, 
Chemist,  Smith  Emery  k  Co.,  San  Francisco,  Cal. 

Present  position:  Chemist,  Merrill  Met.  Co. 

Edgar  George  Ross  Manwaring,  Kendall.  Mont. 

Proposed  by  G.  T.  McGee,  C.  W.  Goodale,  John  Gillie. 

Bom  1883,  Imlay  City,  Mich.  1901,  Graduate  Ann  Arbor  High  School  1901-03, 
University  of  Michigan  m  regular  Mechanical  Engineering  Course.  1905,  B.  Sc.  in 
Mining  at  University  of  Missouri,  Rolla.  1905-06,  Railroad  work  with  Greene  Cons. 
Copper  Co.,  Cananea,  Mex.  1906-07,  Min.  Engr.,  with  San  Pedro  Copper  Co., 
Cananea,  Mex.,  until  consolidation  with  Greene-Consolidated.  1907-08,  Field  Engr. 
for  Calumet  and  Arizona,  Courtland,  Ariz.  Made  reports  for  CsJumet  and  Arizona 
on  their  exploratory  projects.     1908,  Supt.,  Great  Westem  Copper  Co.,  at  Courtland, 
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Ari£.     1909,  Six  months  with  Barnes-King  Development  Co.,  Kendall,  Mont.     190S>- 

11,  Min.  Engr.  for  Kendall  Gold  Mining  Co.  1911-12,  Homesteading  and  surveying 
farm  lands. 

Present  position :  1912  to  date,  with  Barnes-King  Development  Co. 

Earl  Robert  Marble,  Hayden,  Ariz. 

Proposed  by  R.  B.  Green,  J.  J.  Ormsbee,  H.  T,  Murray. 

Bom  1890,  Attleboro,  Mass.     1895-1907,  Public  Schools,  Attleboro,  Mass.     1908- 

12,  Chemical  Engrg.,  Tufts  College,  B.  S.  1912-14,  Chief  Chemist.  Nevada  Douglas 
Copper  Co.  1914-16,  Plant  experience,  American  Smelt.  &  Ref.  Co.,  Hayden,  Aiu. 
Plant  Chemist,  Asst.  to  Master  Mechanic,  etc. 

Present  position:  Fumaceman,  American  Smelt.  &  Ref.  Co. 

Donald  Markle,  Hazleton,  Pa. 

Proposed  by  R.  V.  Norris,  Henry  S.  Drinker,  A.  Markle. 

Bom  1892,  Hazleton,  Pa.  1906-11,  Hill  School.  1911-14,  Yale  Scientific  School, 
Ph.  B. 

Present  position:  1914  to  date,  Lehigh  Univ.,  School  of  Mines. 

C.  £.  Meissner,  Miami,  Ariz. 

Proposed  by  C.  E.  Arnold.  George  R.  Lehman,  W.  F.  Palmer. 

Bom  1890,  Birmingham,  Ala.  1905-09,  Polytechnic  Preparatory  School.  1909- 
14,  Grad.,  School  of  Mines,  Columbia  Univ.,  M.  E.  1914r-16,  Rodman,  Raise  Engr., 
Shift  Boss,  Inspiration  Cons.  Copper  Co. 

Present  position :  Shift  Boss,  Inspiration  Cons.  Copper  Co. 

Samuel  Melitzer,  New  York,  N.  Y. 

Proposed  by  Robert  Peele,  Homer  L.  Carr,  E.  J.  Hall. 

Bom  1888.  New  York  City.  1905-09,  Columbia  College,  B.  S.  1909-11,  Cohim- 
bia  School  ol  Mines,  E.  M.  1911-12,  Assaying,  Kerr  Lake  Min.  Co.  1912-14, 
Engrg.  and  operating,  Ray  Cons.  Copper  Co.  1914-16,  Engrg.  and  operating,  Braden 
Copper  Co. 

Present  position :  Assisting  in  opening  a  mine,  Pinar  del  Rio,  Cuba. 

A.  R.  Minner,  Independence,  Colo. 

Proposed  by  Robert  M.  Keeney,  Irving  T.  Snyder,  Justin  H.  Haynes. 

Bom  1872,  Springfield,  Mo.  1878-90,  Public  Schools  at  Augusta,  Iowa.  1892, 
Business  College,  Stockton.  Cal.  1902-08,  International  Correspondence  School, 
Scranton.  Pa.  1891-96,  Millwright,  Stockton,  Cal.,  1897-99.  Millwright  Mountain 
Lion  Mill,  Republic,  Wash.  1900,  Foreman  millwright  Repubhc  G.  M.  Co.,  Republic, 
Wash.  1901-02,  Const.  Engr.,  U.  S.  R.  &  R.  Co.,  Cafion  City,  Colo..  1902-03, 
Const.  Engr.,  Utah  Copper  Co^  Bingham,  Utah.  1904,  Const.  Engr.,  Black  Pearl 
Mill,  Pearl,  Idaho.  1905-06,  Const.  Engr..  Golden  Cycle  Mill,  Colorado  Sprines, 
Colo.  1907,  Const.  Engr.,  Strattons  Ind.,  Victor,  Colo.  1908,  Const.  Engr.,  Eagle 
Mill,  Red  Cliff,  Colo.  1909,  Const.  Engr.,  Penn  Mines  Co.,  Argentine,  Colo,  1910- 
11,  Const.  Engr.,  &  Mill  Supt.,  Strattons  Ind.,  Victor,  Colo.  1912-13,  Const.  Engr.. 
&  Mill  Supt.,  Ozark  M.  &  M.  Co.,  Magdalena,  N.  M. 

Present  position:  1914  to  date,  Mill  Supt.,  Vindicator  Cons.  G.  M.  Co. 

Elarl  Irwin  Mohler,  Warren,  Ariz. 

Proposed  by  Ira  B.  Joralemon,  E.  E.  Whiteley,  Philip  D.  Wilson. 

Bom  1889,  Freedom,  Pa.  1895-1903,  Public  Schools,  Freedom,  Pa.  1903-07, 
Preparatory  work,  Beaver  High  School,  Beaver,  Pa.  1907-11,  School  of  Mines, 
Univ.  of  Pittsburgh,  Pittsburgh,  Pa.,  E.  M.  1910-11,  Engrg.  Dept.,  Cascade  C<ml 
&  Coke  Co.,  Tyler,  Pa.  1911-13,  Shift  Foreman,  Creighton  Mine,  Canadian  Copper 
Co.,  Copper  Cliff,  Ont.  1913-14,  Engrg.  Dept.,  Cananea  Cons.  Copper  Co.,  Canaaea. 
Son^  Mex. 

Present  position:  1914  to  date,  Engrg.  Dept.,  Calumet  and  Arixona  Min.  Co. 

Charles  L.  Montague,  El  Paso,  Tex. 

Proposed  by  David  Cole,  J.  G.  Bergman.  H.  L.  Hollis. 

Bom  1880,  Bandera,  Tex.  1887-96,  Pubhc  School,  Bandera,  Tex.  1900-01, 
Stenographer  to  Genl.  M^r.,  Material  Agent,  Mexican  International  Railroad.  1901- 
03,  Stenographer,  Material  Agent  and  roadmaster,  Cananea,  Yagui  River  &  ^Mtfie 
R.R.  Co.,  Naco,  Son.,  Mex.  1903-07,  Secretary  to  Genl.  Mgr^.  Cananea  Cons.  Cop- 
per Co.,  at  Cananea,  Mex.     1907-11,  Private  Secretary  to  W.  C.  Greene,  in  Nev 
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York  and  Mexico.  1911-12,  Treasurer,  Dwight  &  lioyd  Metallurgical  Co.,  New 
York.  1912-16,  Cashier,  Mercantile  Banking  .Co.,  Cananea,  Son.,  Mex.  Also 
American  Consular  Axent. 

Present  iiosition :  Mgr.,  The  Cusi  Mining  Co. 

Henry  Schuyler  Montgomery,  Warren,  Ariz. 

Proposed  by  A.  G.  McGregor,  L.  D.  Ricketts,  John  C.  Greenway. 

Bom  1882,  Musk«Kon,  Mich.  1900-03,  Univ.  of  Michigan,  1903-05,  Stanford 
Univ.,  Cal.,  B.  S.  in  Chemistry.  1905-07,  Draftsman,  Llanos  de  Oro  Min.  &  Mill. 
Co.  1907-08,  Draftsman,  Woodruff  Construction  Co.,  San  Francisco.  1908-09, 
Min.  Mach.  Dept.,  Union  Tool  Co.,  Los  Angeles.  1907-10,  Engre.  Dept.,  Parkinson 
and  Bergstrum,  Architects,  Los  Aneeles.  1910-15,  Engr.,  MacKay  Cfopper  Process 
Co.     1916,  Charge  of  Electrolytic  Tank  House,  New  Cornelia  Copper  Co. 

Present  position:  Designer,  New  Cornelia  Copper  Co. 

l^niliam  A.  Neill,  Denver,  Colo. 

Proposed  by  P.  M.  McHugh,  A.  L.  Blomfield,  L.  D.  Ricketts. 

Bom  1880,  Georgetown,  Colo.  1886-96,  Grammar  School  and  East  Denver 
High  School.  1896-1900,  Special  night  school  in  Mathematics  and  Mechanical  Draw- 
ing. 1900-05,  Special  Instruction  from  Mr.  F.  E.  Shepard,  Prest^  Denver  Engineer- 
ing Works.  1896-99,  Apprentice  in  Mechanical  shop  of  Denver  Engineering  Works. 
1899-02.  Mechanical  Draitsman.  Denver  Engineering  Works.  1902-05,  Chief  Drafts- 
man ana  Asst.  Supt.,  Denver.  Engineering  Works.  1905-06,  Asst.  Chief  Draftsman 
Allis-Chalmers  Co.,  Mining  Dept.,  Milwaukee,  Wis.  1906-09,  Chief  Draftsman, 
Allis-Chalmers  Co.,  Mining  Dept.,  Milwaukee,  Wis.  1909-16,  Engineer  in  charge 
concentrating,  cyanide  and  hoisting  machinery  Mining  Dept.,  Allis-Chalmers  Co. 

Present  position:  Mechanical  Engineer,  The  Dorr  Co. 

Henry  William  Nichols,  Superior,  Ariz. 

Proposed  by  L.  D.  Ricketts,  W.  C.  Brownins,  I.  A.  Ettlinger. 

Bom  1883,  Goshen  Jnd.  1889-97,  Public  Schools,  Cook  County.  III.  1898-1902, 
Evanston  Township  High  School,  Evanston,  111.  1903-09,  Micnigan  College  of 
Mines,  B.  S.  and  E.m.  1904.  Construction  Inspector,  Champion  Copper  Co.  1906- 
08,  Asst.  Engr.,  United  Verde  Copper  Co., « Jerome,  Ariz.  1910,  Assayer,  Nevada 
Cons.  Steptoe  Valley  Smelter,  McGifl,  Nev.  1912,  Miner.  Lion  Hill  Cons.  Min.  Co., 
Ophir,  Utah.     1913,  Leaser,  Indian  Queen  Propertv,  Newnouse,  Utah. 

Present  position:  1913  to  date.  Concentrator  Met.,  Magma  Copper  Co. 

Philip  Edward  Nolan.  Ludwicr,  Nev. 

Proposed  by  E.  W.  Westervelt,  Archie  J.  Orem,  Erich  J.  Schrader. 

Bom  1887,  Marinette,  Wis.  1905,  Grad.,  High  School,  Greens  Bay,  Wis.  1905- 
07,  Ripon  College,  Ripon,  Wis.  1910-13,  Colorado  School  of  Mines,  Golden,  Colo., 
E.  M.  1907-08,  Rodman  and  instrumentman,  Colorado  Fuel  and  Iron  Co.  1908-10 
and  1913-16,  inoludine  summers  of  1910-13,  on  general  construction  work  as  survey 
man,  Jimior  Engr.  and  Asst.  Engr.,  U.  S.  Reclamation  Service. 

Present  position:  Mine  Engr.,  Nevada  Douglas  Cons.  Copper  Co. 

L  Edward  Ogden,  New  York,  N.  Y. 

Proposed  by  A.  R.  Ledoux,  Thomas  Robins,  J.  A.  Bensel. 

Bom  1870,  Brooklyn,  N.  Y.  1890-93,  Morton  Iron  Works,  Brooklyn,  Manufac- 
turers, Gas  Works  Apparatus.  1893-1907,  Merchant,  purchase  and  sale  contractors 
machinery  and  supphes.  1900-13,  Manufacturer  of  bolts,  forgings,  etc.,  plant,  Bay- 
onne,  N.  J.  1903  to  date:  Prest.,  »tar  Expansion  Bolt  Co.,  Manufacturers  Hardware 
Specialties.  1905  to  date:  Pres.,  J.  Edward  Ogden  Co.,  Manufacturers  and  Contract- 
ing Engineers. 

Present  position:  As  above. 

Tatsuro  Otagawa.  New  York.  N.  Y. 

Proposed  by  R.  W.  Raymond,  George  F.  Kunz,  Bradley  Stoughton. 

Bom  1890,  Tokio,  Japan.  Graduated  1913,  Dept.  of  Mining,  Tokio  Imperial 
University.  Studied  at  Technische  Hochschule  in  Aachen,  Germany,  in  1914  and 
also  at  Royal  School  of  Mines,  London,  and  University  of  Leeds  in  1914  to  1916. 

Present  position:  Lecturer  of  Mining,  Tohoku  Imperial  University,  Japan. 

James  Caldwell  Park,  Florence,  Colo. 

Proposed  by  L.  V.  Emanuel,  H.  H.  Utley.  H.  J.  Seaman. 

Bom  1876,  Cranford,  N.  J.  1899,  Grad.,  Princeton  Univ.,  C.  E.  1899-1901. 
Freight  Yard  Constmction,  Lehigh  Valley  Ry.  1901-02,  Engrg.  Dept.,  Central 
R.  R.  of  N.  J.     1902-04,  Asst.  Engr.,  Constmction  on  Cement  Plants,  Atlas  Portland 
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Cement  Co.,  Northampton,  Pa.     1904-05,  Yard  Construction,  Asst.  Engr.,  N.  Y.  C. 
&  H.  R.  R.,  Watertown,  N.  Y.     190&-13,  Engineering  and  contracting  business. 
Present  position:  1913  to  date,  Supt.,  Florence  Works,  Standard  Oil  Co.  (Indiana). 

Harold  Cleveland  Plummen  Cananea,  Son.,  Mex. 

Proposed  by  M.  J.  Elsing.  L.  D.  RickettS;  George  Kingdon. 

Bom  1884  Cambridge,  Mass.  1906,  Mass.  Inst,  of  Technology.  B.  8.  1905, 
Min.  En^.,  Adventure  Cons.  Copper  Co.,  Greenland,  Mich.  1906-09.  Min.  Engr., 
Old  Dommion  Copper  Min.  &  Smelt.  Co.,  Globe,  Ariz.  1909-10,  Mme  Supt.  for 
Lewisohn  Bros,  in  Homestead,  Ore.  1910-12,  Chief  Engr.,  Tennessee  Copper  Co., 
Ducktown,  Tenn.  1912-13,  Efficiency  Engr.,  Old  Domimon  Copper  Min.  <fe  Smelt. 
Co.,  Globe,  Ariz.  1913-16,  Chief  Min.  Engr.,  Cananea  Cons.  Copper  Co.,  Cananea, 
Son^  Mex. 

Fresent  position :  Foreman,  Sierra  de  Cobre  Mine,  Cananea  Cons.  Copper  Co. 

Philip  James  Arthur  Plummer,  Port  Pirie,  So.  Aust. 

Proposed  by  G.  C.  Riddell,  C.  M.  Warner,  J.  Jobson. 

Bom  1881,  South  Aust.  1892,  Matricukted  Adelaide  University.  1896,  Asso- 
ciate Diploma  Metallurgy,  Mining,  So.  Australia  School  of  Mines.  1896-99,  Demon- 
strator, Metallurgy  and  Chemistry,  S.  A.  School  of  Mines.  1899-1916,  Aasayer, 
Chemist  and  Metallurgist,  Broken  Hill  Proprietary  Co.  and  later  the  Associated 
Smelters  Proprietary,  Ltd.,  Port  Pirie.  So.  Aust. 

Present  position:  Met.,  Associatea  Smelters. 

George  Wallace  Prince,  Cananea,  Son.^  Mexico. 

Proposed  by  L.  D.  Ricketts,  George  Kingdon,  C.  E.  Mills. 

Bom  1882,  Pierpont,  Ohio.  1894r-98,  High  School,  Pierpont,  Ohio.  1898-99. 
Mt.  Union  College,  Alliance.  Ohio.  1899-1903,  Ohio  State  University,  Columbus, 
Ohio,  mining  engmeering  ana  special  chemical  course.  1904-09,  Old  Dominion  Cop- 
per Mining  &  Smelting  Co.,  Globe,  Ariz.,  as  Foreman  night  yard.  Sampler,  Asst. 
Chemist,  and  Assayer.  1910-16,  Cananea  Consolidated  Copper  Co.,  Reverberatory 
Furnace  Foreman,  Night  Smelter  Supt.,  and  Asst.  Smelter  Supt. 

Present  position:  Smelter  Supt.,  Cananea  Cons.  Copper  Co. 

Warren  C.  Proaser,  Silverton,  Colo. 

Proposed  by  L.  V.  femanuel,  George  E.  Collins,  H.  H.  Utley. 

Bom  1886,  New  Jersey  Heights,  N.  J.  1903-08,  Colorado  School  of  Mmes, 
Golden.  Mine  and  mill  work,  San  Juan  County,  Colo.  Among  others  Silver  Lake 
property  of  Garfield  Smelt.  Co.     For  10  years  practicing  miningiengineering,  Silverton, 

Present  position:  Engr.  in  charge  Intersection  M.  &  M.  Co..  Highland  Mary 
M.  &M.  Co. 

Ernest  Cope  Ramsey,  Columbus,  Ohio. 

Proposed  by  P.  McD.  Biddison,  D.  M.  Armstead,  H.  C.  Reeser. 

Bom  1882,,Wattsville,  Ohio.  1888,  Grade  school.  1891,  Grade  School  at  Colum- 
bus. 1897,  High  School  at  Columbus.  1910.  Ohio  State  Univ.,  M.  E.  1911,  Fresh- 
man, Ohio  State  Univ.  1903,  Asst.  to  Chief  Engr.,  Columbus,  Delaware  A  Mari<Hi 
Electric  Railway.  1904,  Steel  car  draftsman.  The  Kilboume  &  Jacobs  Mfg.  Co., 
Columbus,  Ohio.  1907,  student,  Ohio  State  Univ.  1910,  Map  dn^tsman,  The 
United  Fuel  Gas  Co.,  Charleston,  W.  Va.  1913,  Agent,  The  Ohio  Fuel  Supply  Co., 
Columbus,  Ohio. 

Present  position:  1915  to  date,  Min.  Engr.,  The  Ohio  Fuel  Supply  Co. 

George  William  Rathjens,  St.  Paul,  Minn. 

Proposed  by  C.  W.  Tubby,  Fred  J.  Leacey,  Rukard  Hurd. 

Bom  1881,  Boston,  Mass.  1908-10,  University  of  Illinois,  B.  Sc.  in  Civil  Engineer- 
ing. 1900-03,  Chief  of  party,  Chicago  Great  Westem  Ry.  M.  of  W.  1903-01, 
Instrumentman  U.  S.  Engmeers.  Asst.  Supt.,  Barber  Asphalt  Paving  Co.,  Transitman 
Inter-urban  Ry.  1904-06,  Asst.  Engr.,  Minneapolis  and  St.  Louis  Ry.  1906,  Resi- 
dent Engr.,  Tidewater  &  Deepwater  Ry.  1906-07,  Supt..  Twin  City  Brick  Co. 
1907-08,  Asst.  Road  Master,  Great  Northem  Ry.  1909-10,  Asst.  Engr,,  Chicago, 
Milwaukee  and  St.  Paul  Ry. 

Present  position:  1911  to  date,  Supt.,  Twin  City  Brick  Co.,  and  Vice  Prest.  since 
March,  1915. 

George  Kingsbury  Reeder,  Klockmann,  Idaho. 

Proposed  by  J.  C.  Ralston,  L.  K.  Armstrong,  J.  M.  Porter. 

Bom  1887,  McPherson,  Kans.     Grade  Schools,  Spokane.     1903-07,  High  School, 
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Spokane.     1007-12,  Washington  State  College,  Pullman,  Wash.^  B.  S.  in  Min.  Engrg. 
1912-13.  Prospecting  and  aevelopment  work  in  Idaho,  Washington  and  Montana. 

1913,  Miner,  Schaunessey  Hill  Min.  Co.     1914,  Millman,  Mad  Ox  Min.  Co.,  Cal. 

1914,  Miner,  Cornucopia  Mines  Co.,  Ore.     1915-16,  Surveyor,  assayer,  engineer, 
Idaho  Continental  Min.  Co. 

Present  position:  Engr.,  Idaho  Continental  Co. 

Herman  H.  Retter^PilareB  de  Nacozari,  Son.,  Mez. 

Proposed  by  J.  S.  Williams,  H.  T.  Hamilton,  C.  I.  Schultz. 

Bom  1870,  Hanoverj  Germany.  1878-85,  attended  public  school  in  Germany. 
1904-07,  studied  under  direction  of  International  Correspondence  School  their  mining 
course.  1908-09,  Studied  Spanish  Course  of  same  school.  At  present  am  studying 
the  Alexander  l^unilton  Business  Course.  1899-1907,  Mucker,  miner,  trackman, 
pipeman,  and  the  last  3H  years  of  that  period  as  shift  boss,  Cons.  Mercur  Gold  Mines 
Co.,  Mercur,  Utah.  1907-11,  Mine  Foreman,  Minas  del  Tajo,  Rosario,  Sinaloa, 
Mex.  1911-12,  Shift  boss.  Division  Foreman,  Moctezuma  Copper  Co.,  Nacozari, 
Son^  Mex. 

rresent  position:  1912  to  date,  Asst.  Mine  Supt.,  Moctezuma  Copper  Co. 

Ernest  John  Ristedt,  Miami,  Ariz. 

Proposed  by  Emorv  M.  Marshall,  I.  H.  BarkdoU.  Rudolf  Gahl. 

Bom  1886.  Niles,  Ohio.  Public  and  High  School,  Cleveland,  O.  1905-09,  Colo- 
rado School  of  Mines,  E.  M.  1909-10^  with  N.  H.  Brown,  Min.  £n^.,  Idaho  Springs, 
Colo.  1910-11,  ore  concentration,  with  J.  G.  Roberts,  Idaho  Springs,  Colo.  1911, 
Chemist,  Miami  Copper  Co.,  Miami,  Ariz.  1911-12,  En&r.  and  Aasayer.  Princesa 
Min.  Co.,  Cusihuiriachic,  Chih.^  Mex.  1912-13^  Testing  Dept.^  Miami  Copper  Co. 
1913-16,  Assayer,  Asst.  Chemist,  Chief  Chemist,  Old  Domimon  Copper  Min.  & 
Smelt.  Co.,  Globe,  Ariz. 

Present  position:  Inspiration  Cons.  Copper  Co. 

James  Bertrand  Rogers,  Pikeville,  Ky. 

fi-oposed  by  E.  C.  Lee,  P.  N.  Moore,  R.  H.  Sweetser. 

Bom  1870.  Mt.  Gilead,  O.  1890.  Grad.  Raven  High  School,  Younostown,  O. 
1896,  Grad.  Ohio  State  Umv.,  Columbus,  O.,  E.  M.  1896-97,  Civ.  Engr.  m  railroad 
location  and  constmction.  1898-1900,  Chemist,  U.  S.  Steel  Corpn.  1901-06,  Asst. 
Mgr.,  Salem  Iron  Co.,  Blast  Furnace,  Leetonia,  O.  1906-13,  Genl.  Supt.,  Blast 
Furnace  Dept.,  Ashland  Iron  &  Min.  Co.,  Ashland,  Ky.  1913-15,  Genl.  Supt., 
Hamilton  Otto  Coke  Co.  and  Miami  Iron  &  Steel  Co.,  Hamilton,  O. 

Present  position:  1915  to  date.  Proprietor,  Kewanee  Coal  Min.  Co.,  Kewanee,  Ky. 
Holder  of  letters  patent  for  improved  eyesight  for  blast  furnace  tuyeres. 

William  H.  Selden,  Jr.,  Iron  River,  Mich. 

Proposed  by  C.  E.  liwrence,  A.  Formis,  G.  R.  Waeber. 

Bom  1886,  Portland,  Conn.  1907-08,  £xeter  Academy.  1915-17,  Special  non- 
matriculated  work  in  geolopr  dept.,  Columbia  University.  1908  to  date:  Worked  in 
the  Menominee  district  of  Michigan,  also  the  Marquette  field,  but  largely  in  connec- 
tion with  our  own  properties  where  some  geological  experience  has  been  acquired. 

John  Stephen  Shedden,  New  York,  N.  Y. 

Proposed  by  H.  N.  Spicer,  Noel  Cunningham,  Clive  S.  Newcomb. 

Bom  1880,  Browns  Park,  Colo.  1900,  Univ.  of  Wyoming,  B.  S.  1904,  Comell 
Univ.,  M.  E.  1904-06,  Beaver  Asbestos  Co.,  Thelford  Mines,  Quebec.  1907-08, 
Bradley  Engineering  and  Machinery  Co.,  Spokane.  1908-09,  United  Iron  Works, 
Spokane.  1909-12,  Engineering  work  for  self,  Spokane  and  North  Yakema,  Wash. 
1913-14,  Jause  Bros.  Boomer  and  Hughes,  Calganr,  Alta. 

Present  position:  Sales  Engr.,  The  Mine  and  Smelter  Supply  Co. 

Palmer  Godden  Snedecor,  Globe,  Ariz. 

Proposed  by  P.  G.  Beckett,  I.  H.  BarkdoU,  W.  B.  Cramer. 

Bom  1891,  Birmingham,  Ala.  1896-1903,  Public  School,  Birmingham.  Ala. 
190a-06,  University  H&h  School,  Tuscaloosa,  Ala.  1906-10,  Univ.  of  Alabama, 
B.  S.  1911-12,  Univ.  of  Alabama.  C.  E.  1910-11,  Asst.  Engr.  and  Inspector,  Mt. 
Hood  Ry.  and  Power  Co..  Portland,  Ore.  1912-13,  Draftsman,  Tennessee  Coal  and 
Iron  Co.,  Birmingham,  Ala.  1915-16,  Asst.  Engr.,  Duquesne  Min.  and  Red.  Co., 
Duquesne,  Ariz.     Was  shift  boss  in  flotation  mill  for  3  months  during  1916. 

Present  position:  Stope  Engr.,  Old  Dominion  Copper  Min.  and  Smelt.  Co. 
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Pedro  Leopoldo  SoL  Comodoro,  Rivadavia.  Rep.  of  Argentina. 

Proposed  by  R.  S.  Haseltine,  Ralph  Amola,  W.  R.  Hamilton. 

Bom  1880,  Concepcion  del  Urusuay,  Rep.  of  Argentina.  1905,  Diploma,  Lfigenieur 
des  Arts  et  Manufactures  de  I'Ecole  Centrale  de  Paris.  1906-07,  Mining  Inspector, 
Direccion  General  de  Mines,  Geologia  e  Hidrologia.  1911-16,  Mgr.  of  the  oil  fields 
of  Comodoro,  Rivadavia,  Rep.  of  Argentina. 

Present  position :  Genl.  Mgr.  of  the  oil  field  of  Comodoro,  Rivadavia. 

Fletcher  B.  Speed,  Jr.,  Charlottesville,  Va. 

Proposed  by  J.  S.  urasty,  J.  W.  Richards,  Howard  Eckfeldt. 

Bom  1892,  Baltimore,  Md.  1909,  Preparatory  School,  Baltimore,  Md.  1913, 
I/ehigh  Univ.,  jE.  M.  1913,  Engrg.  Dept.,  Lehigh  Coal  and  Navigation  Co.  1914-15, 
Commercial  Ensrg.  Dept.,  Chesapeake  and  Potomac  Tel.  Co.,  Baltimore,  Md.  1916, 
Engr.,  Virginia  Lead  and  Zinc  Corpn.  1916,  Associated  with  J.  S.  Grasty,  in  manage- 
ment and  development  of  mineral  properties. 

Present  position:  Managing  Engr.,  Virginia  Barytes  Co.,  etc. 

Louis  W.  Stedman,  Paragon,  Idaho. 

Proposed  by  L.  K.  Armstrong,  Charles  H.  Goodsell,  George  A.  Laird. 
Bom  1861,  Dixton,  111.     1881,  Common  High  School.     1882,  Cornell  College,  Mt. 
Vemon.     Thirty-three  years'  experience  in  mining. 
Present  position:  Mgr.,  Paragon  Cons.  Min.  Co. 

Eugene  W.  Steele,  Hayden,  Ariz. 

Proposed  by  J.  J.  Ormsbee,  R.  B.  Green,  H.  T.  Murray. 

Bom  1S89,  Denver,  Colo.  1911,  Colorado  College,  B.  Sc.  in  Civ.  Engrg.  1911, 
Mill  operator,  Ray  Cons.  Copper  Co.,  Hayden,  Aria.  1912,  Construction  Engr., 
American  Smelt.  &  Ref.  Co.,  Hayden,  Ariz. 

Present  position:  1912  to  date,  Constmction  Engr.,  American  Smelt.  &  Ref.  Co. 

Paul  Alfred  Steger,  Miami,  Ariz. 

Proposed  by  C.  E.  Amold,  George  R.  Lehman,  C.  E.  MUls. 

Bom  1885,  Lichtensteig,  Switzerland.  1904-07,  Swiss  Federal  Polytechicum, 
Zurich.  1907-09,  Travel  in  Europe.  1909-13,  Office  work,  Surveyor,  Foreman,  Supt., 
Cia.  Ma.  La  Parrena,  Sierra  Mojada,  Coah,,  Mex.  1913-14,  Visit  to  Europe.  1914- 
16,  Asst.  to  Dr.  Gahl,  Inspiration  Mill. 

Present  position :  Met.  Experimental  work,  Inspiraton  Cons.  Copper  Co. 

Paul  Stein,  El  Paso,  Tex. 

Proposed  by  C.  W.  Badgley,  Kimo  Doerr,  L.  D.  Ricketts. 

Bom  1890,  Germany.  1907-12,  New  Mexico  School  of  Mines,  B.  S.  and  M.  E. 
1912,  Asst.  Engr.^  Socorro  Mines  Co.,  MogoUon,  New  Mex. 

Present  position:  1912  to  date,  Chemist,  El  Paso  Smelt.  Works,  of  the  Cons. 
Kansas  City  Smelt.  &  Ref.  Co. 

Henry  J.  Sterk,  Anaconda,  Mont. 

Proposed  by  James  K.  Murphy,  Louis  V.  Bender.  Harry  S.  Ware. 

Bom  1891,  L'Anse,  Mich.  1910,  L'Anae  High  School.  1915,  Michigan  College 
of  Mines,  B.  Sc.  in  M.  E.  1914,  Ahmeek  Mining  Co.  1915,  Keweenaw  County 
Highway  Commission. 

Present  position:  1916  to  date.  Anaconda  Copper  Mining  Co. 

Charles  £.  Stuart,  El  Paso,  Tex. 

Proposed  by  William  J.  Deavitt,  R.  F.  Manahan,  S.  F.  Shaw. 

Bom  1886,  Princeton,  Ind.  1902,  San  Diego  High  School,  Cal.  1902-07.  Univ. 
of  Cal.,  B.  S.  1907,  Tonopah  Min.  Co.  1908-10,  Montana  Tonopah  Mm.  Co. 
1910-15,  Engr.,  American  Smelt.  &  Ref.  Co.  and  American  Smelters  Securities  Co. 

Present  position:  Supt.,  Bonanza  Unit,  American  Smelters  Securities  Co. 

W.  P.  Sykcs,  Cleveland,  O. 

Proposed  by  Charles  H.  Fulton,  J.  Burns  Read,  Zay  Jeffries. 
Bom  1893,  Cleveland,  O.     1916,,  Met.  Engrg^  Case  School  of  Applied  Science, 
B.  S.     1916,  American  Steel  Foundries,  Alliance,  O. 

Present  position:  Heaterhelper,  Coke  Plant,  The  River  Furnace  Co. 

Thomas  Taylor,  Clark  dale,  Ariz. 

Proposed  by  L.  D.  Ricketts^  Robert  E.  Tally,  C.  E.  Mills. 

Bom  1865,  Swansea,  So.  Wales.  A  few  years  of  public  school  education.  Prac- 
tical smelterman  of  30  years'  experience.     Supt.,  United  Verde  Smelter,  for  about 
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20  yeara.     Previous  work  as  foreman,  boss  and  regular  smelter  work  in  Arizona, 
Montana,  New  Jersejr,  Pennsylvania,  and  Wales. 

Present  position:  Smelter  Supt.,  United  Verde  Copper  Co. 

Arthtir  T.  ThomsoiL  Salida,  Colo. 

Proposed  by  Fred  Johnston,  Barry  Hogarty,  E.  H.  Laws. 

Bom  1881,  Princeton,  lU.  1905,  Grad.,  Colorado  School  of  Mines,  M.  E.  1905- 
07,  Assayer  and  Chemist,  Pueblo  Plant,  American  Smelt.  &  Ref.  Co.  1907-09, 
Chemist,  Garfield  Smelter,  American  S.  S.  Co.  1909-16,  Chemist  and  Asst.  Supt., 
O.  &  C.  S.  &  R.  Co.'s  plant,  SaUda,  Colo. 

Present  position :  Asst.  Supt.,  O.  &  C.  S.  &  R.  Co. 

Andrew  Glasgow  Van  Eman.  Boise,  Idaho. 

Proposed  by  Walter  Hovey  Hill,  Frank  E.  Johnesse.  F.  C.  Brown. 

Bom  1882,  Washington,  Iowa.  1899,  Great  Falls  High  School,  Great  Falls,  Mont. 
1906,  special  work,  Univ.  of  Wash.,  Seattle,  Wash.  1899-1903,  Chemist,  Boston  and 
Montana  Cons.  Copper  and  Silver  Min.  Co.,  Great  Falls,  Mont.  1904-05,  Chemist, 
Harry  Lewis'  Custom  Assay  Office,  Butte,  Mont,  and  Cataract  Copper  Co.,  Basin, 
Mont.  1906-07,  Asst.  Chemist,  United  Verde  Copper  Co.,  Jerome,  Ariz.  1908-11, 
Chief  Chemist,  Nevada  Cons.  Copper  Co.,  Steptoe  Valley  Plant,  McGill,  Nev.  1911- 
16,  Proprietor,  Custom  Laboratory,  Boise,  Idaho. 

Present  position:  Proprietor,  A.  G.  Van  Eman,  Assayer  and  Chemist. 

Arthur  Clifford  Veatch,  Whitehall,  London,  England. 

Proposed  by  David  T.  Day,  Alfred  J.  Brooks,  George  Otis  Smith. 

Bom  1878,  Evansville,  Ind.  Indiana  Univ.,  Comell  Univ.,  Wisconsin  Univ. 
1898-1900,  Asst.  State  Geol..  Louisiana.  1900-01,  GeoL,  Houston  Oil  Co.  1902-10, 
Field  Asst.,  Asst.  Geol.  and  Geol..  U.  S.  Geol.  Survey.  1908-10,  Chairman,  Old 
Land  Classification  Board  and  Coal  Land  Classification  Board,  etc.,  U.  S.  Geol.  Sur- 
vey.    1910-11,  Geol.,  General  Asphalt  Co. 

Present  position:  1912  to  date.  Chief  Geol.,  S.  Pearson  Sons,  Ltd. 

Clifton  E.  Visel,  Pilares,  Son.,  Mex. 

Proposed  by  J.  S.  Williams,  H.  T.  Hamilton,  Casper  I.  Schultz. 

Bom  1887,  High  wood.  Conn.  1905,  Grad.,  New  Haven  High  School,  New  Haven, 
Conn.  1908,  Grad.,  Sheffield  Scientific  School,  Yale  Univ.,  Ph.  B.  1908-09,  Mucker, 
Cresson  Cons.  Gold  M.  &  S.  Co.  1909-10,  Inspector  of  steel  constmction  for  Mr. 
H.  Kenyon  Burch  at  Miami  Concentrator,  Miami,  Ariz.  Worked  as  operator  in 
mill  afterward  for  nine  months.  1910,  Timberman  helper.  Federal  M.  &  S.  Co., 
Mullan,  Idaho.  191 1,  Timberman  and  jigger  boss,  Miami  Copper  Go's.  Mine.  1912- 
15,  worked  as  engineer  in  engineering  dept.,  and  later  in  smelter  on  converters.  Old 
Dominion  Min.  &  Smelt.  Co.,  Globe,  Ariz.   * 

Present  position:  1915  to  date,  Engr.  and  Chief  Engr.,  Moctezuma  Copper  Co. 

Constantin  Wagner,  Coquimbo,  Chile,  So.  Amer. 
Proposed  by  C.  M.  Loeb,  E.  A.  C.  Smith,  Samuel  J.  Gormly. 
Bom  1879,  Germany.     German  Gymnasium.     Metallgesellschaft,  Frankfort  on 
M.,  Germany.     Ore  Trading  Co.,  Ltd..  Santiago,  Chile.  • 
Present  position:  Genl.  Mgr.,  Funaicion  Guayacan. 

Guy  Porter  Watson,  Rancagua,  Chile. 

Proposed  by  L.  E.  Grant,  B.  T.  CoUey,  W.  J.  Turner. 

Bom  1886,  Greeley,  Colo.  1910,  Colorado  School  of  Mines,  Met.  Engr.  1912, 
Colorado  School  of  Mines,  M.  E.  1908,  Summer  work  in  Cripple  Creek,  Colo.  1907- 
09,  Summer  work  as  instrument  man  with  constmction  company  in  Colorado,  New 
Mexico  and  Wyoming.  1910-11,  Smelter  research  dept.,  Steptoe  Valley  Smelting 
&  Mining  Co.,  McGill,  Nev.  1911-12,  Chemist,  Steptoe  Valley  Smelting  &  Mining 
Co.,  McGill,  Nev.  1912-14,  Control  Chemist,  Steptoe  Valley  Smelting  &  Mining 
Co.,  McGill,  Nev. 

Present  position:  1914  to  date,  Met.,  Braden  Copper  Co. 

William  H.  Webster,  Douglas,  Ariz. 

Proposed  by  Forest  Rutherford,  G.  H.  Dowell,  P.  P.  Butler. 

Bom  1884,  Tmxton.  N.  Y..  1906,  Amherst  College,  B.  A.  1906-07,  Weigh- 
master,  Copper  Queen  Smelter.  1907-08,  Underground  timekeeper,  Copper  Queen 
Mines.  1908-12,  Met.  Statistician,  Copper  Queen  Smelter.  1912-16,  Shift  Supt., 
Copper  Queen  Smelter. 

Present  position:  Asst.  to  Genl.  Mgr.,  Copper  Queen  Cons.  Min.  Co. 


Digitized  by 


Google 


lii  Monthly  Bulletin  No.  120,  December,  1916 

Harry  V.  Welch,  Los  Angeles,  Cal. 

Proposed  by  H.  W.  Morse,  Walter  A.  Schmidt,  L.  D.  Ricketts. 

B<  •       "  ■  ^     .     ^  -       .    ~        .- 

1906, 
winter  I 

tingen  (Gennany).  1914-15,  Grad.,  School  year^  Univ.  of  Princeton.  1907-09, 
Chemist,  ParafiSne  Paint  Co.,  San  Francisco.  1909-11,  Asst.  Dept.  Chemistry,  Univ. 
of  Cal.,  Berkeley,  Cal.  1911.  Chemist,  Anaconda  Smelter  Commission,  Anaconda 
and  Great  Falls,  Mont.  1912-13,  Asst.  Physical  Chemist,  U.  S.  Bureau  of  Mines, 
San '  Francisco,  Cal.  1913-15,  Met.,  Anaconda  Smelter  Conmiission,  Anaconda, 
Mctat. 

Present  position:  1915  to  date.  Chemist,  Western  Precipitation  Co. 

Walter  Henry  WeUman, 

Proposed  by  W.  M.  Claypool,  S.  J.  Jennings.  F.  F.  Colcord. 
Bom  1873,    Cincinnati,  Ohio.     High  School  Traim'ng.    Accounting  and  Metal- 
lurgical and  Mining  Accoimting.     Cashier  of  Needles  Mining  &  Smelting  Co. 
Present  position:  Supt.,  Needles  Mining  &  Smelting  Co. 

Max  Albert  Whiting,  Schenectady,  N.  Y. 

Proposed  by  David  B.  Rushmore,  W.  R.  Whitney,  K.  A.  Pauly. 

Bom  1884,  Watertown,  Wis.  Prepared  for  collie  in  high  school  at  Watertown, 
Wis.  1904.  Univ.  of  Wisconsin,  B.  S.  in  Electrical  Enm.  1906-06,  Testing  Dept., 
General  Electric  Co.  Since  1906,  in  Power  and  Mming  Engineering  Dept., 
General  Electric  Co.  1906-07,  Research  on  lightning  protection,  General  Electric 
Co.  1907-12,  Estimates,  investigations,  designs,  tests  on  installations  and  general 
consulting  on  electrical  applications,  principally  in  steel  plants  and  ore  docks.  1912 
to  present,  consulting  work  as  above,  also  similar  consulting  on  mine  hoisting  and 
other  electrical  applications  in  mining.  1914-15,  Designed  and  put  in  operation  the 
automatic  hoists  lor  Inspiration  Cons.  Copper  Co.  1915-16,  Published  paper,  Amer- 
ican Institute  of  Minins  Engineers. 

Present  position:  Working  as  above  under  general  direction  of  D.  B.  Rushmore 
and  K.  A.  Pauly.  Electrical  Engr.,  Power  and  Min.  Engig.  Dept.,  General  Electric 
Co. 

George  Kay  Williams,  Anaconda,  Mont. 

Proposed  by  Louis  V.  Bender,  Harry  S.  Ware,  C.  R.  Kuzell. 

Bom  1872.  London,  England.  1893,  Finsbury  Technical,  London,  England. 
1894,  Anaconda  Copper  Min.  Co.  1898,  Butte  Reduction  Works.  1899,  Montana 
Ore  Purchasing  Co.  1901,  North  West  Smelt.  &  Ref .  Co.  1903,  British  Columbia 
Copner  Co.     1907,  Cons.  Practice,  Vancouver,  B.  C. 

Present  position:  1914  to  date,  Supt.  Construction,  Anaconda  Copper  Min.  Co. 

George  Leslie  Williams,  Hanover.  N.  Mex. 

Proposed  by  Arthur  Thacher,  J.  A.  Van  Mater,  Karl  A.  Strand. 

Bom  1890,  Sardinia,  N.  Y.  Gnunmar  and  High  School  1914,  Univ.  of  Michigan, 
Ann  Arbor,  Mich.,  B.  M.  E.  1914-15,  Testing  and  erecting  Diesel  Oil  Engines,  Gas 
Engines  and  Pumps,  The  International  Steam  Pump  Co.:  Snow  Steam  Pump  Plant. 
Buffalo,  N.Y. 

Present  position:  Mech.  Engr.,  The  Empire  Zinc  Co.  in  the  Southwest,  in  charge 
of  power  plants  and  equipment. 

Kenneth  Williams,  Douglas.  Ariz. 

Proposed  by  Forest  Rutherford,  P.  P.  Butler,  G.  H.  Dowell. 

Bom  1883,  Cony,  Pa.  1903-07,  Univ.  of  Pennsylvania,  B.  Sc.  in  Chemistry. 
1907-08,  Chemistry  Instmctor,  Univ.  of  Utah.  1908-09,  Chemist,  Tintic  Smelting 
Co.  1909-12.  Chemistry  Instructor,  Univ.  of  Utah.  1912-15,  Chemist,  Morococfaa 
Mining  Co.,  Morococha,  Peru.  1915-16,  Blast  Furnace  Foreman^  Cerro  de  Pasco 
Copper  Co.,  La  Fundicion,  Peru. 

Present  position:  Shift  Supt.,  Copper  Queen  Smelting  Co. 

E.  C.  Wood,  Philadelphia,  Pa. 

Proposed  by  Louis  D.  Huntoon,  Benjamin  B.  Lawrence,  H.  F.  Lefevre. 

Bom  1888.  Public  Schools,  Kansas  City,  Mo.  '1909,  Sheffield  Scientific  School, 
Yale  Univ.,  Mining  course.  1909-10,  Miner  and  Foreman,  Ray  Northern  Copper 
Co.,  Ray,  Ariz.  1910-11,  Constmction,  Bingham  and  Garfield  R.  B^  Bingnam 
Canyon,  Utah.     1911-12,  Miner,  Millman,  Asst.  Engr.,  Bingham-New  Haven  Min. 
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Co.,  Bingham  Canyon,  Utah.  1913-14,  Engr.  on  examination  and  constniotion, 
Chile  Copper  Co.,  Chuquicamata,  Chile.  1914-15,  Engr.  and  Mine  Supt.,  Costa 
Rica  Union  Min.  Co.,  Mivamor,  Costa  Rica.  1915-16,  Asst.  Engr.,  construction, 
B.  I.  duPont  de  Nemours  Powder  Co.;  Parlin,  N.  J. 

Present  position:  Asst.  to  Mr.  Louis  D.  Huntoon  on  mine  examination  work. 

Don  Carroll  Woodward^  Chile^So.  Amer. 
Proposed  by  Mark  R.  Lamb,  W.  R.  InxaUs,  Richard  H.  Vail. 
Bom  1884,  Kenton,  O.     1908,  Grad.,  So.  Dakota  School  of  Mines. 
Present  position:  Mgr.,  Sociedad  de  Minas  de  Cobre  de  San  Bartolo. 

Orel  Edward  Toung,  Salt  Lake  Citv,  Utah. 

Proposed  by  Oliver  C.  Ralston,  Robert  8.  Lewis,  C.  A.  Wright. 

Bom  1895,  Clinton,  Mich.  1902-07,  Grade  Schools,  Clinton.  Mich.  1907-11, 
High  School,  Clinton,  Mich.  1912-16,  Case  School  of  Applied  Science,  Cleveland, 
O.,  B.  S. 

Present  position:  Research  Fellow,  Univ.  of  Utah,  Dept.  Met.  Research. 

Associate  Members 

John  R.  Gunn.  West  Plains,  Mo. 

Proposed  by  Edward  M.  Shepard,  E.  Fleming  L'Engle,  G.  B.  Corless. 

Bom  1863,  Morsan  Co.,  Mo. 

Been  in  active  charge  of  properties  of  the  Southwestern  Zinc  Co.,  in  Howell  and 
Osark  Counties,  Mo.,  since  begmning  of  operations  in  October,  1915,  and  in  which 
capacity  I  am  now  serving. 

Willis  Wallace  Jonrdin,  Miami,  Axis. 

Proposed  by  L.  O.  Howard,  M.  F.  Mazany,  W.  F.  Geiser. 

Bom  1880,  San  Antonio,  Tex.  1888-96.  Public  Schoohi,  San  Antonio,  Tex. 
1000-^02,  Correspondence  course,  International  Correspondence  Schools,  Mech.  Dept. 
1904-08.  Stanford  Univ.,  A.  B.  in  Mech.  Engrg.  1896-98,  Machinist  apprentice, 
F.  F.  Collins  Mfe.  Co.  1898-1900,  Machinist  apprentice,  M.  I.  R.  R.  1900-03, 
Machinist,  general  foreman,  Amer.  Smelt.  &  Ref.  Co.,  Monterey.  Mex.  1903-04, 
Master  Mechanic.  Penoles  Min.  Co.  1908-10,  Supt.  of  Shops,  Darbyshire-Haroic 
Iron  and  Mach.  Co.,  El  Paso,  Tex.  1911,  Sales  Ensr.,  Mine  and  Smelter  Supply  Co. 
1012-15,  Chief  Engr.,  Power  Dept.,  Chino  Copper  Co. 

Present  position:  1915  to  date.  Chief  Engr.,  Power  Plant,  Inspiration  Cons. 
Copper  Co. 

Russell  W.  Keller,  Mogollon,  New  Mexico. 

Proposed  by  S.  J.  Kidder,  Thomas  T.  Read.  William  H.  Shearman. 

Bom  1894,  Los  Aneeles,  Cal.  1914,  one  naif  year  at  College  in  Los  Angeles. 
Started  a  course  on  geoIo|Qr  but  I  was  forced  to  discontinue  on  account  of  financial 
reverses.     1915^  Times  Mirror  Co.,  Los  Aneeles,  Cal. 

Present  position:  Mine  Sampler,  Mogollon  Mines  Co. 

J.  Howard  Payne,  New  York,  N.  Y. 

Proposed  by  L.  D.  Ricketts,  Burr  A.  Robinson,  Gerard  B.  Rosenblatt. 

Bom  1883.  Titusville,  Pa.  1901.  High  School,  Foetoria,  Ohio.  1905,  Armour 
Institute  of  Technology,  Chicago,  111.,  B.  Sc.,  in  Electrical  Engineering.  1905  to 
date,  I  have  done  a  vanety  of  en^eering  work  for  the  Westinghouse  Electric  A  Mfg. 
Co.,  having  been  continuously  with  them  since  leavins  college. 

Present  position:  Sales  Engineer,  Westinehouse  Electric  &  Mfg.  Co.,  in  charge  of 
all  mining  work  handled  through  the  New  York  office. 

Charles  Hammond  Shaw,  Lawton,  Okla. 

Proposed  by  W.  H  Kobb^,  H.  A.  Wheeler,  W.  K  McCourt. 

Bom  1877,  Near  Union  City,  Tenn.  1900,  Degree  B.  L.,  University  of  Tex. 
Practiced  law  seven  years.  1898-99,  Two  years'  study  of  (^logy.  Took  no  degrees. 
1909-12,  Mined  Rock  Asphalt  in  Oklahoma,  made  chemical  tests  of  same  for  street 
paving.    Have  always  been  in  business  for  myself. 

Present  position:  Am  drilling  with  associates  an  oil  well  in  Cotton  County,  Okla. 

Nnman  Reid  Stansel,  El  Paso,  Tex. 

Proposed  by  John  C.  Greenway,  A.  G.  McGregor,  R.  W.  Kerns. 

Bom  1877,  North  Carolina.     1898,  A.  &  M.  A.,  N.  C.  College,  B.  Sc.     1903, 
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Cornell  Univ.,  M.  M.  E.  1902-05,  U.  8.  Navy  Yard,  Norfolk,  Va.,  Electrician  Y. 
&  D.  Dept.  1905-10.  U.  S.  Treasury  Dept.,  Washington,  D.  C,  Engineering  Inspec- 
tor, Supervising  Arcnitect's  Office.  1910-13,  General  Electric  Co.,  Schenectady, 
N.  Y. 

Present  position:  1913  to  date.  Local  Manager  Southwest  General  Electric  Co. 

Junior  Members 

Sylvain  Sleyman  Abouchar,  New  York,  N.  Y. 

Proposed  by  Robert  Peele,  R.  M.  Ra3anond,  Charles  P.  Berkey. 

Bom  1892,  Canta.  1904,  Certificat  d'Etudes  Primaires,  Ecole  Commun&le  de 
la  Ville  de  li^e,  Belgium.  1911,  B.  Sc.  Athen^  Royal  de  Li^e,  Belgium.  1913, 
Degree,  "Candiaat  Ing^nieur,"  School  of  Mines,  Royal  Univ.  of  Li^e.  191^14, 
Student  in  3d  yr.  Univ.  of  Li^ge.  1915-16,  Jimior  Student,  School  of  Mines,  Colum- 
bia Univ.,  New  York. 

Present  position :  Senior  Student,  School  of  Mines,  Columbia  Univ. 

Martin  F.  Bowles,  RoUa,  Mo. 

Proposed  by  Charles  Y.  Clayton,  Horace  T.  Mann.  C.  R.  Forbes. 

Bom  1893,  Bonne  Terre,  Mo.  1912,  Grad.,  Neoaesha  High  School,  Neodesha, 
Kans.  1908-16,  simimer  vacations,  Neodesha  Plant,  Granby  Min.  &  Smelt.  Co. 
(Zinc  Smelter),  Neodesha.  Kans.  ' 

Present  position:  Student,  Missouri  School  of  Mines. 

Henry  S.  Bumholz,  New  York,  N.  Y. 
Proposed  by  Robert  Peele,  H.  L.  Carr,  R.  M.  Raymond. 

Bora  1894,  New  York,  N.  Y.  PubUc  Elementary  School.  Self  prepared  for 
entrance  to  Columbia  Univ. 

Present  position:  Student,  Columbia  Univ. 

Thornton  Davis,  New  York,  N.  Y. 

Proposed  by  R.  M.  Raymond,  Homer  L.  Carr,  William  Campbell. 

Bom  1892,  Winthrop,  Mass.  1911,  Noble  and  Greenough's  School,  Boston,  Mass. 
1911-15,  Harvard  College,  Cambridge,  Mass.,  S.  B.  1915-16,  On  the  Wyoming 
Division  Engineering  Corps,  Lehiah  Valley  Coal  Co.,  Wilkes-Barre,  Pa. 

Present  position:  Student,  Columbia  School  of  Mines. 

William  Myron  Davy,  New  York,  N.  Y. 

Proposed  by  Robert  Feele,  E.  J.  Hall,  Charles  P.  Berkey. 

Born  1894.  Washington,  D.  C.  1900-08,  Pubhc  and  private  school  eduction  in 
Washington,  D.  C,  Baltimore  and  Atlantic  City.  1908-12,  Classical  and  Scientific 
diploma  from  Atlantic  City  High  School.  1916,  Princeton  Univ.,  Degree  of  B.  Sc. 
in  Geology. 

Present  position:  Student,  Columbia  School  of  Mines,  class  of  1918. 

Alan  Edmond  Dynan,  Bethlehem,  Pa. 

Proposed  by  Howard  Eckfeldt,  Benjamin  L.  'Miller,  Joseph  W.  Richards. 

Bom  1896,  Bethlehem,  Pa.  1904-13.  Student  at  Bethlehem  Preparatory  School 
graduating  1913.  1913,  Summer,  with  Bethlehem  Steel  Co.,  Open  Hearth  Dept.,  as 
weighmaster.  1914,  Summer,  with  Bethlehem  Steel  Co.,  as  wei^hmaster  Open 
Hearth  Dept.  No.  2.     1915,  Summer,  with  Bethlehem  Steel  Co.,  Projectile  Dept. 

Present  position:  Student  at  Lehigh  University. 

Frank  Stillman  Elfred.  Jr..  Rolla,  Mo.    - 

Proposed  bv  Charles  i .  Clayton,  Austin  L.  McRae,  Horace  T.  Mann. 

Born  1894,"^ Denver,  Colo.  1908-10,  St.  Joseph  Central  High  School.  1910-11, 
St.  Mary's  College,  Kans.  1911-12,  Grad.,  St.  Joseph  Central  High  School.  1912- 
13,  Irrigation  in  Grand  Valley,  Colo.  1916,  Research  Chemist  and  general  work  at 
E.  I.  &  F.  C.  Wallower  R.  and  R.  works,  Joplin.  Mo. 

Present  position:  1913  to  date,  Missouri  School  of  Mines. 

Joseph  Austin  Holmes,  2nd.  So.  Bethlehem,  Pa. 

Proposed  by  Howard  Eckfeldt,  Joseph  W.  Richards,  Benjamin  L.  Miller. 
Born  1895,  Chapel  Hill,  N.  C.     1900-02,  Private  School,  Chapel  HiU,  N.  C. 
1902-07,  Pubhc  Schools,  St.  Louis,  Mo.     1907-10,  Public  Schools,  Washington,  D.  C. 
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1910-14,  Western  High  School,  Washington,  D.  C.     1914r-16,  Univ.  of  North  Carolina. 
1913.  Field  Asst.,  XL  S.  Navy  Alaskan  Coal  and  investigations  expedition.     1914, 
Field  Asst.,  U.  S.  Bureau  of  Mines.     1915,  Field  work,  B.  F.  Hall,  Banners  Elk,  N.  C. 
1916,  Asst.  Surveyor,  Boone  Fork  Lumber  Co.,  Shulls  Mills,  N.  C. 
Present  position:  1915  to  date,  Student,  Lehigh  Univ. 

Wendell  Theodore  Tones,  Reno^  Nev. 

Proposed  by  J.  C.  Jones,  Francis  C.  Lincoln,  J.  G.  Scrusham. 
Bom  1892,  Grand  Junction,  Colo.     With  Tonopah  Belmont  Development  Co., 
during  the  summer  months  for  the  past  six  years. 

Present  position:  Attending  Mackay  School  of  Mines,  Reno,  Nev. 

Walter  Peter  Klueescheid,  New  York,  N.  Y. 

Proposed  by  R.  M.  Raymond,  Homer  L.  Carr,  William  Campbell. 

Bom  1894,  New  York,  N.  Y. 

Present  position:  1912  to  date,  Student,  Columbia  School  of  Mines. 

Edgar  Kraus,  New  York.  N.  Y. 

Proposed  by  Robert  Peele.  R.  M.  Raymond,  Homer  L.  Carr. 

Bom  1896.  New  York,  N.  Y.  1901-09,  P.  S.  170,  184,  186.  1907-13,  Stuyvesant 
High  School,  New  York.  1916,  Underground  laborer.  Champion  Copper  Co.,  Paines- 
dale,  Mich. 

Present  position:  1913  to  date,  Student,  Columbia  School  of  Mines. 

Harold  Arthur  Lask,  Rolla,  Mo. 

Proposed  by  C.  R.  Forbes.  H.  A.  Buehler.  H.  T.  Mann. 

Bom  1893,  Pasadena,  Cal.  1901-08,  Garneld  Grammar  School,  Pasadena.  1908- 
12,  Pasadena  High  School.  1914-15,  Univ.  of  Arizona.  1915,  summer,  Miami  Cop- 
per Co.,  Miami,  Ariz.     1916,  summer,  St.  Joseph  Lead  Co.,  Bonne  Terre,  Mo. 

Present  position:  Student,  Missouri  School  of  Mines. 

Henry  Alfred  Ley.  Aspinwall,  Pittsburgh,  Pa. 

Proposed  by  Stephen  L.  Goodale,  H.  C.  Ray,  H.  B.  Meller. 

Bom  1894,  Pittsburgh,  Pa.  1901-09,  Public  Schools,  Pittsburgh,  Pa.  1909-13, 
Aspinwall  High  School,  Aspinwall.  1913,  summer.  Chemical  Laboratories,  Carnegie 
Steel  Co.,  Pittsburgh,  Pa.  1915,  summer.  Laborer,  Miner  and  Drill-man,  Pioneer 
Mine,  Oliver  Iron  Min.  Co.,  Ely,  Minn.  1916,  summer,  Geol.,  Southwestern  Utilities 
Corpn.,  Independence,  Kans. 

Present  position:  1913  to  date.  Student,  Univ.  of  Pittsburgh  and  Geol.,  South- 
western Utilities  Corpn. 

Theodore  I.  Linn,  So.  Bethlehem,  Pa. 

Proposed  by  Howard  Eckfeldt,  Benjamin  L.  Miller,  Joseph  W.  Richards. 
Bom  1892,  Tsinan,  China.     1906,  Peking  Preparatory  School.     1910,  Peking 
Univ.,  Peking,  China,  B.  A. 

Present  position:  Student,  Lehigh  Univ. 

William  Smith  Livingston,  Jr.,  New  York,  N.  Y. 
Proposed  by  E.  J.  Hall,  R.  M.  Raymond,  Robert  Peele. 

Bom  1888,  New  York,  N.  Y.  Early  schooling  received  at  Craigie  School  and 
Cutler  School,  New  York  City. 

Present  position:  Student,  Columbia  University. 

Maurice  Cecil  Lucky,  Jr.,  Rolla,  Mo. 

Proposed  by  Charles  Y.  Clayton,  H.  T.  Mann,  C.  R.  Forbes. 

Bom  1895,  Exeter,  Mo.  1909-11,  High  School,  Caasville,  Mo.  1911-12,  High 
School,  Dallas,  Tex.  1913-14,  Texas  A.  and  M.  College  1916,  summer,  Chino 
Copper  Co.,  Hurley,  N.  Mex. 

Present  position:  1914  to  date,  Student,  Missouri  School  of  Mines. 

Robert  P.  Lyons,  Rolla.  Mo. 

Proposed  by  C.  K.  Forbes,  A.  L.  McRae,  H.  A.  Buehler. 

Bom  1896,  Springfield,  Mo.  1908-12,  Conception  College,  Conception,  Mo. 
1914,  Mining,  Goldfield  Cons.  Mines,  Goldfield,  Nev.  1916,  Milling,  Butte  and 
Superior  Min.  Co.,  Butte,  Mont. 

Present  position:  Student,  Missouri  School  of  Mines. 
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Sydney  See  Ho  Ng,  New  York,  N.  Y. 
Proposed  by  Charles  P.  Berkey,  E.  J.  Hall,  Robert  Peele. 
Bom  1896,  Sydney,  N.  S.  W.     1913-16,  Mining  Student,  Royal  School  of  Mines, 
England. 

Present  position:  Mining  Student,  Columbia  Univ. 

Tames  W.  Rice,  Reno,  Nev. 

Proposed  by  Francis  Church  Lincoln,  J.  G.  Scrughain,  J.  C.  Jones. 

Bom  1893,  So.  Omaha,  Nebr.  1912-13,  Mackay  School  of  Mines.  1911-12, 
Sampler,  Giroux  Cons.  Min.  Co.,  Kimberly,  Nev.  1913,  summer,  Millman,  Utah 
Cons.  Min.  Co..  Garfield,  Utah.  1913,  winter,  Millman,  Boston  Cons.  Copper  Co., 
Lark,  Utah.  1914-15,  summers,  Millman,  Nevada  Cons.  Copper  Co.,  McGiIl,  Nev. 
1916,  summer,  Prospecting,  Pend  O'rielle  Co..  Wash. 

Present  position:  1914  to  date.  Student  and  Asst.  Instmctor  in  Chemistry,  Mackay 
School  of  Mines,  Univ.  of  Nevada. 

Donald  D.  Riddle,  Golden,  Colo. 

Proposed  by  H.  J.  Wolfj  W.  G.  Haldane,  G.  J.  Young. 

Bom  1894,  Crawfordsville,  Ind.  1900-08,  Grade  schools  of  Indianapolis,  Ind. 
1908-13,  Manual  Training  Hish  School,  Indianapolis.  Summer  1912,  Druting  room 
Engineering  Dept.,  Central  Union  Telephone  Co.,  Indianapolis.  Summer  1913, 
Drifting,  City  Civil  Engr.,  City  of  Indianapolis.  1913-14,  Central  Engineering 
Dept.,  Fundamental  plans,  Bell  Telephone  Co.,  Chicago,  111. 

Tresent  position:  Student,  Colorado  School  of  Mines. 

John  M.  Schloss,  New  York,  N.  Y. 

Proposed  by  Robert  Peele.  Homer  L.  Carr,  R.  M.  Raymond. 

Bom  1894,  New  York,  N.  Y.  PubUc  School  No.  87,  New  York,  N.  Y.  1906-10, 
Stevens  High  School,  Hoboken,  N.  J.  1912-14,  School  of  Mines,  Columbia  Univ. 
1910-12,  Draftsman  and  outside  work,  Fleischman  Bros.  Co.  Building  constructiDiL 
1914-16,  worked  imdergroimd  as  miner  for  one  year  to  gain  practical  experience, 
Crown  Keserve  Min.  Co.^  Cobalt,  Ont.,  Canada. 

Present  position:  Semor,  School  of  Mines,  Columbia  Univ. 

Fred  Pine  Shaves,  Rolla,  Mo. 

Proposed  by  C.  R.  Forbes,  H.  T.  Mann,  C.  Y.  Clayton. 

Bom  1894.  Chittenango,  N.  Y.  190^12,  East  Rochester  High  School,  Graduate. 
1912-13,  Rocnester  Business  Institute.  1913-16,  Student  Missouri  School  of  Mines. 
1913,  summer,  Underground  work  Daily  West  Mining  Co.,  Park  City,  Utah.  Sum- 
mer 1916,  Surveyor's  nelper.  Burro  Mountain  Copper  Co.,  Tyrone,  New  Mex. 

Present  position:  Student,  Missouri  School  of  Mines. 

Harold  Jandorf  Sloman,  So.  Bethlehem,  Pa. 

Proposed  by  Howard  Eckfeldt,  Benjamin  L.  Miller,  Joseph  W.  Richards. 

Bom  1896,  Baltimore.  Md.  1910-14,  Baltimore  Polytechnic  Institute.  1915, 
Bethlehem  Steel  Co.,  So.  6ethlehem,  Pa.  1916,  summer,  Survey,  Lehigh  Valley  Coal 
Co.,  Hazleton,  Pa.  Survey  and  inspection,  Westem  Maryland  Div.,  Consolidation 
Coal  Co.     Inspection,  Georges  Creek  Coal  Co. 

Present  position:  1914  to  date.  Student,  Lehigh  Univ. 

William  B.  Sommerville,  Jr.. 

Proposed  by  William  Campoell,  R.  M.  Raymond,  Robert  Peele. 

Bom  1893,  Birmingham,  Ala.  1901-12,  Horace  Mann  School.  1912-13,  Williams 
College. 

Present  position:  1913  to  date.  Student  School  of  Mines  &  Metallurgy,  Columbia 
University. 

Howard  WiUey,  New  York,  N.  Y. 

Proposed  by  R.  M.  Raymond.  Homer  L.  Carr,  Robert  Peele. 

Bom  1894,  Mt.  Upton,  N.  Y.  1902-10.  Mt.  Upton  Union  School.  1910-12, 
Norwich  High  School.  1912-16,  School  of  Mines,  Columbia  University.  1916, 
Champion  Copper  Mine,  Painesdale,  Mich. 

Present  position:  Student,  Columbia  University. 

Guy  K.  Young,  Golden,  Colo. 

Proposed  by  W.  G.  Haldane,  Harry  J.  Wolf.  Geor^  J.  Yoimg. 
Bom  1893,  Spokane,  Wash.     1908-10,  Spokane  Hi^  Scho^.     1912-13,  Valpa- 
raiso Univ.     1916,  Interstate-Callahan  Cons^  Wallace,  Idaho. 

Present  position:  1914  to  date,  Student,  Colorado  School  of  Mines. 
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Change  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  Oct.  10,  1916  to  Nov.  10,  1916. 

This  list  together  with  the  list  published  in  Bulletin  Nos.  110  to  119, 
February  .to  November,  1916,  and  the  foregoing  list  of  new  members, 
therefore,  supplements  the  annual  list  of  members  corrected  to  Jan.  1, 
1916  and  brings  it  up  to  the  date  of  Nov.  10,  1916. 

Aabokb,  J.  BoTD,  Major,  Australian  Infantry,  74  Upper  Gloucester  PL,  Dorset  Sq., 

London,  W.,  England. 

Adams,  John  H 512  8th  Ave.,  West  Graymont,  Birmingham,  Ala. 

Ahlbrs,  Rudolph  O Rua  do  Cospo  Tanto,  13,  Lisbon,  Portugal. 

Alluk,  Abthub  P Highland  Vallejr  Min.  &  Dev.  Co.,  Ashcroft,  B.  C. 

Allen,  Milton  A Arthur  L.  Pearse  i  Co.,  52  Broadway,  New  York,  N.  Y. 

Andbrson,  Carl  N 920  Woodward  Ave.,  Portland,  Ore. 

Andebson,  Rat  B Wasatch  Ozokerite  Co.,  Soldier  Summit,  Utah. 

Abkbll,  Habrt  J "The  Hobby,"  MardenJKent,  England. 

Babb,  Pbbct  a.,  Blaisdall  Coscotitlan  Synd.,  Apartado  92,  Pachuca,  Hidalgo,  Mexico. 

Babbows,  Waltbb  a.,  Jb Hokandauqua,  Pa. 

Bassett,  Abthub  F 522  Seventh  St^  Huntington,  West  Va. 

BLOOioriELD,  Edwin  C,  Lieut.,  Royal  Canadian  Engineers,  Engineer  Training  Depot, 

St.  John,  Prov.  of  Quebec,  Canada. 

BoLOiANO,  J.  Ralph Efficiency  Dept.,  Malleable  Iron  Co.,  Dayton,  Ohio. 

BoRDWELL,  Edwabd  M Aurora  Cons.  Min.  Co.,  Aurora,  Nev. 

Boyd,  Daniel 348  Albany  Ave^  Toronto,  Ont.,  Canada. 

Bbown,  Fbbdebick  C,  Min.  Engr K.  F.  D.  4,  Boise,  Idaho. 

Bbtden,  Chablbs  Lazabus Room  303  E.,  30  Church  St.,  New  York,  N.  Y. 

Bull,  Robbbt  Albocandbb 2237  E  Street,  Granite  City,  111. 

BuTLEB,  Mel  C 4750  17th  Ave.,  N.  E.,  Seattle,  Wash. 

Caibns,  John  M,  Baluchistan  Mining  Syndicate,  Ltd.,  Quetta,  Baluchistan,  India. 

Caldwell,   Fobest  B Woodland,    CaL 

Calvbbt,  William  R.,  Cons.  Geol.  and  Engr.,  225  Keams  Bldg.,  Salt  Lake  City,  Utah. 

Cabuthebs,  a  Watnb, Coal  Dept..  D.  L.  &  W.  RR.  Co.,  Scranton,  Pa. 

Chablesl  LaVebn  John Const.  Engr.,  U.  S.  R.  S.  Lakewood,  New  Mexico. 

Chase,  Rooeb  E 3005  N.  Proctor,  St«  Tacoma,  Wash. 

CoaoBBSHALL,  Geoboe  W 2229  California  St..  Washington,  D.  C. 

Collet,  Hylton  H Old  Dominion  Copper  Min.  &  Smelt.  Co.,  Globe,  Ariz. 

CoLUNB,  Henbt  F 66  Finsbury  Pavement,  London,  E.  C,  England. 

CoBBiN,  J.  Robs  Noel Boyertown,  Pa. 

CoBWiN,  Fbank  R.,  Asst.  Supt.,  Smelter,  International  Smelting  Co.,  Miami,  Ariz. 

Cbaio,  John  J P.  O.  Box  854,  Morenci,  Arii. 

Cross,  C.  Gabcia Casilla  No.  2034,  Santiago,  Chile,  So.  America. 

Cbobton,  John  J Box  64,  Atlanta,  Ga. 

Cunningham,  Noel,  Met.  Engr., Room  1301,  90  West  St..  New  York,  N.  Y. 

Daulton,  Theodobb  M 208  New  York  Bldg.,  Seattle,  Wash. 

David,  Joseph 110  Eighth  St..  Calumet,  Mich. 

Davies,  Feed  A P.  O.  Box  837,  Anaconda,  Mont. 

DeKalb,  Coubtenat Instructed  to  hold  ever3rthing. 

Dbshlbb,  Geoboe  O Supt.,  Mines  Operating  Co.^  Butte,  Mont. 

DoNDEBO,  F.  Nicholas Lomgho\ise,  Nev. 

Douglas,  Thbodobe 36  Flatbush  Avenue  Extension,  Brooklyn,  N.  Y. 

Dbakx,  Mobbis  Claibe 342  E.  Hewitt  Ave.,  Marquette,  Mich. 

'  DuNBAB,  Douglas  Mac  D Federal  Lead  Co.,  Flat  River,  Mo. 

DwTEB,  C.  Eustace,  International  Smelt.  &  Ref.  Co.,  Mclntyre  Bldg., 

Salt  Lflie  City,  Utah. 

Elton,  James  O 607  5th  Ave.  N.,  Great  Falls,  Mont. 

FABNHAii,  C.  Mason 5  Sumner  Road,  Cambridge,  Mass. 

Flbtchbb,  Abthub  R.,  Sociedad  de  Minas  y  Fundiciones  de  Carrizal, 

Carrisal  Bajo,  Chile,  South  America. 

Fltnn,  Fbancis  N Chile  Exploration  Co.,  Chuquicamata,  Chile,  South  America. 

Fbassb,  Donald  Dickinson,  Highland  Valley  Min.  A  Dev.  Co..  Ashcroft,  B.  C,  Can. 

Frabbb,  Evxbbtt  L. Asst.  Supt.,  Oro  Grande  Mines,  CaJlahan,  Cal. 

FuuroN,  Chesteb  A Obispo  6)^,  Havana,  Cuba. 
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Gaby,  Walter  E Davis-Daly  Copper  Co.,  Butte,  Mont. 

Gold,  Charles  Barliand 5008a  Gates  Ave.,  St.  Louis,  Mo. 

Graham,  Herbert  W 219  Halket  St.,  Pittsburgh,  Pa. 

Greenspblder,  Nelson  S.,  Asst.  Prof.  Chemistry,  Colorado  College, 

Colorado  Springs,  Colo. 
Haqbilann,  Wilhelm,  Cia.  Aluminio  y  Corcho  Corona,  2a  Sta.  Teresa  No.  47, 

Mexico  City,  Mexico. 

Hbrr,  L.  B.  Jr 511  Seneca  St.,  So.  Bethlehem,  Pa. 

HiooiNS,  Thomas  F.,  Broad  well  House,  McKean  Road,  Oldbury,  Worcestershire, 

England. 

Hinckley,  Elmer  R 809  S.  Montezuma  Ave.,  Phoenix,  Ariz. 

HoLDERER,  George  B General  Chemical  Co.,  25  Broad  St.,  New  York,  N.  Y. 

Hollister,  Scovillb  E.,  Butte  &  Superior  Copper  Co.,  P.  O.  Box  197,  Butte,  Mont. 

Holme,  Percy  E Apartado  6,  El  Oro,  Mex.,  Mexico. 

Hoover,  H.  C 3  London  Wall  Buildings,  London,  E.  C,  England. 

Hunter,  Charles,  Mine  Mgr.,  Royal  Colonial  Institute,  Northumberland  Ave., 

London,  W.,  England. 

Hutchinson,  Randolph  B 1008  Central  Bldg.,  Los  Angeles,  Cal. 

Imhoff,  Alexander Box  1548,  Miami,  Ariz. 

Jarman,  Arthur 13  Tunstall  Vale,  Sunderland,  England. 

Jarvis,  Royal  P United  Verde  Extension  Min.  Co.,  Jerome,  Ariz. 

Kebnby,  Robert  M 1418  Elizabeth  St^  Denver.  Colo. 

Kellogg,  Ralph  Murray Bullion,  Nevada. 

Kenney,  John  R 2210  Morse  Ave.,  Chicago,  111. 

Kepner,  Ross  B 1705  South  Union  Ave.,  Los  Angeles,  CaL 

Kinney,  Harry  D Mines  Operating  Co.,  Butte,  Mont. 

Kohl,  E.  William,  Jr.,  Cons.  Engr.  and  Contractor,  Apartado  333, 

Santiago  de  Cuba,  Cuba. 

Kroqh,  Alvin  T P.  O.  Box  837,  Anaconda,  Mont. 

Latham,  Everett  B Engineers'  Club,  57  Post  St.,  San  Francisco,  Cal. 

Laurie,  Frank  C,  Min.  Engr 331  Worton  St^  New  Haven,  Conn. 

Lavery,  Vaughan  M.,  Lieut.,  3d  Tunnelling  Co.,  Canadian  Engineers, 

B.  E.  F.,  France. 

McIntosh,  Frank  K Box  236,  San  Francisco,  Cal. 

Mac  Arthur,  John  S Mina  da  Serra  da  Caveira,  Grandola,  Portugal 

Mathewson,  Edward  P.,  Met.,  U.  S.  Smelt.  Co.,  Inc.,  Room  3260, 

120  Broadway,  New  York,  N.  Y. 

Matthews,  Charles  H 406  East  Arch  St.,  Marouette,  Mich 

May,  DbCourcy Instructed  to  hold  everything 

Means,  Alan  H Instructed  to  hold  evervthing. 

Menepeb,  Arthur  B.,  Min.  Engr Puritan  Apts.,  Louisville,  Ky. 

Mildon,  Reginald  B Westinghouse  Machine  Co.,  East  Pittsburgh,  Pa. 

Miller,  Harry  H 2757  West  8th  St.,  Los  Angeles,  Cal. 

MiLWARD,  Miles  S Mocorito,  Siualoa,  Mexico. 

Millward,  William 818  House  Bldg.,  Pittsburgh,  Pa. 

MoHRMAN,  Edwin  M.,  The  Cott-Mohrman  Co.,  1116  Citizens  Bldg^  Cleveland,  Ohio. 

Moore,  Carl  F Room  400,  55  Congress  St.,  Boston,  Mass. 

Morgan,  Harry  J Big  Indian  Co.,  La  SaL  Utah. 

Morrison,  George  A P.  O.  Box  1425,  Sudbury,  Ont.,  Canada. 

Motherwell,  William,  Cons.  Engr.,  on  Flotation  Concentration, 

General  Delivery,  Nelson,  B.  C,  Canada. 
MouLB,  John  W.,  Genl.  Mgr.,  Corella  Copper  Co.,  via  Ballara,  Cloncurry, 

North  Queensland,   Aust. 
Patterson,  Seely  B.,  Jr.,  Asst.  Genl.  Mgr.,  The  Spanish  American  Iron  Co., 

Felton,  Cuba. 

Paymal,  George  W 435  W.  119th  St.,  New  York,  N.  Y. 

Pearson,  William  R 54-57  Momingside  Drive,  New  York,  N.  Y. 

Phillips.  Drury  McNeill 104  Lakeshore  Apartments,  Port  Arthur,  Tex. 

Prior,  Charles  E.,  Engr La  Blanca  y  Anexas  Nlina,  Pachuca,  Hidalgo,  Mex. 

Rhodes,  Clarence  E Apartado  30,  El  Oro,  Mex.,  Mexico. 

Richardson.  Charles 94  St.  George  St..  Toronto,  Ont.,  Canada. 

RissMANN,  Otto 3615  Central  Ave^  Kansas  City,  Mo. 

Robertson,  Jasper  T Montana  Block,  Butte,  Mont. 

Rogers,  Benjamin  Carroll P.  O.  Box  697,  Idaho  Springs,  Colo. 

Ruggles,  Guy  H Inspiration  Cons.  Copper  Co.,  Miami,  Ariz. 
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Saub,  Andbsw  J.,  Ajssayer  and  Chemist,  Battle  Mountain  Mines  and  Dev.  Co., 

Battle  Mountain,  Nev. 

Schleicher,  Henry  M 10  Williams  St.,  Roxbury,  Mass. 

ScoBBY,  Jesse  C,  Min.  Engr.,  Asst.  to  the  Pres.,  La  Luz  and  Los  Angeles  Min.  Co., 
Rooms  1003-4-5,  Postal  Life  Ins.  Bldg.,  511  Fifth  Avenue,  New  York,  N.  Y. 

Sharp,  John  R.,  Genl.  Mgr Hailey-Ola  Coal  Co.,  Haileyville,  Okla. 

Shipp,  Ellsworth  M.,  Min.  Engr 120  Broadway,  New  York,  N.  Y. 

Smith,  Elwyn  L Ray  Cons.  Copper  Co.,  Ray,  Ariz. 

Smith,  Lyon 1547  Beacon  St.,  Brookline.  Mass. 

Stewart,  John  Burgoyne Trussville,  Ala. 

Thompson,  Arthur  P P.  O.  Box  224.  Jerome,  Ariz. 

TrBBY,  Benjamin  F.,  Mipe  Statistician,  U.  S.  Bureau  of  Mines,  Washington,  D.  C. 

Toenqes,  Albert  L 252  High  St^  Dayton,  Ohio. 

Valentine,  Malvern  R.,  Min.  Engr.  .The  Portland  Gold  Mining  Co^ Victor,  Colo, 

Waitb,  Allan  G Vice-Pres.,  Dragoon  Tungsten  Min.  Co.,  Dragoon,  Ariz. 

Wbntworth,  Henry  A.,  Technical  Director,  American  Zinc,  Lead  and  Smelt.  Co., 

55  Congress  St.,  Boston,  Mass. 

Whitpeld,  Hubert  E 1510  Union  Bank  Bldg.,  Pittsburgh,  Pa. 

WicKES,  L.  Webster Kineman,  Ariz. 

Woo,  W Ai  Kyi 140  Range  Road.  Shanghai.  China. 

Wroth,  James  S Casilla  49-D,  Santiago,  Chile,  South  America. 

Wysor,  Rupus  Johnston.,  Supt.,  Blast  Furnaces,  Bethlehem  Steel  Co., 

So.  Bethlehem,  Pa. 

Yamashita,  M Min.  Dept.,  Mitsubishi  Co.,  Marunouchi,  Tokyo,  Japan. 

Young,  George  J.,  Prof,  of  Met Colorado  School  of  Mines,  Golden,  Colo. 

Zentner,  Arthur  A.,  Zinc  Roasting  Dept.,  Boston  and  Montana  Smelter. 

Great  Falls,  Mont. 
Zimmerman,  Adolph  A P.  O.  Box  1385,  Helena,  Mont. 

Member's  Addresses  Wanted 

Name.  Last  Address  of  Record  from  which  Mail  has  been  returned. 

Baxtmann,  a.  P 939  Boulevard  East,  Weehawken,  N.  J. 

Comings,   George  R Apartado  126,  Oaxaca,  Oax.,   Mexico. 

Dietrich,  Waldemar  F Humboldt,  Ariz. 

Evans,  David  J Cons.  Arizona  Smelting  Co.,  Humboldt,  Ariz. 

Gorman,  Thomas  Clarence Creighton  Mine,  via  Sudbury,  Ont.,  Canada. 

Haoemann,  Wilhelm 2a  San  Augustin  #53,  Mexico  City,  Mex. 

McKAimA,   Edwin   A Savanna,    Okla. 

Macaulay,  R.  M Grande  Allee  St.,  Quebec  City,  Canada. 

Murphy,  Francis  Joseph Great  Cobar,  Ltd.,  Cobar,  N.  S.  W.,  Australia. 

Pittman,  Frank  L Contact,  Nev. 

Stroud,  Benjamin  K 333  Pacific  Ave.,  Oakland,  Cal. 

Rogers,  George  R 47  St.  Vincent  St.,  Toronto,  Ont.,  Canada. 

Taylor,  Charles  H University  of  Oklahoma,  Norman,  Okla. 

Wells,  Ralph  Evans,  Jr Nogales,  Ariz. 

WiLMOT,  H.  Clifford Santiago,  Chile,  South  America. 

Wroth,  James  S Casilla  46-D.,  Santiago,  Chile,  South  America. 

Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  Oct.  10,  1916,  to  Nov.  10,  1916. 


Date  of 
Election. 


Name.  Date  of  Decease. 


1906  *  Bevington,  Richard  George ,  1916. 

1879  *  Ely,  Theodore  N Oct.  28,  1916. 

1889  *  Hare,  A.  W Oct.  — ,  1916. 

1893  *  Pollok,  James  H ,  1916. 

1900  ♦  Revell,  George  Ernest ,  1916. 

1916  ♦  de  Ryck  van  der  Gracht,  C.  M.  A July  26,  1916. 

*  Member. 

Digitized  by  VjOOQIC 


Ix  Monthly  Bulletin  No.  120,  Deceicbeb,  1916 

BIOGRAPHICAL  NOTICE  OF  ECEXET  B.  COXB,  JR. 

By  Henby  S.  Drinker 

The  Institute  has  lost  a  valued  member  by  the  death  of  Eckley  B. 
Coxe,  Jr.  He  bore  the  name  of  one  who  was  largely  instrumental  in 
founding  the  Institute,  and  to  whose  support  and  guidance  as  active 
member,  Vice-President,  and  President,  the  Institute  owes  much. 
Eckley  B.  Coxe,  Jr.,  was  the  nephew  of  the  late  Eckley  B.  Coxa.  He 
held  a  large  interest  in  the  coal  estates  owned  and  develoi>ed  by  his 
family,  and  he  was  thus  naturally  led  to  take  a  continuing  interest  in 
mining  matters,  and  for  years  and  up  to  the  time  of  his  death  was  a  full 
member  of  the  Institute. 

He  died  at  his  residence,  Drifton,  Pa.,  on  Sept.  20  last,  aged  44. 
He  was  a  member  of  the  class  of  '93  of  the  University  of  Pennsylvania, 
of  which  great  institution  he  was  a  devoted  alumnus.  His  educational 
and  charitable  activities  were  niunerous,  but  his  chief  life-work  and  inter- 
est was  in  archaeological  investigation  and  research  in  Eg3rpt,  carried  on 
through  the  Museum  of  the  University  of  Pennsylvania  of  which  Museum 
he  was  President.  The  discoveries  made  by  the  various  expeditions 
financed  and  directed  by  him,  and  the  notable  publications  issued  by  his 
direction  and  at  his  expense,  chronicling  the  residts,  are  among  the  most 
important  researches  ever  made  of  buried  Egypt, 

Mr.  Coxe  was  a  member  of  the  International  Historical  Society  and 
of  many  educational  and  charitable  organizations.  By  his  will,  among 
other  bequests,  he  left  $500,000  to  the  Museimi  of  the  University  of 
Pennsylvania  and  $100,()00  to  the  University,  the  income  of  the  latter 
fund  to  be  applied  to  increasing  the  salaries  of  the  professors  of  the 
Institution.  He  also  left  $100,000  to  the  Children's  Hospital  of  Phila- 
delphia, of  which  he  was  a  manager,  and  in  addition  thereto  $10,000  of 
which  the  income  is  to  be  applied  in  providing  Christmas  presents  for 
the  child  patients,  and  in  providing  an  annual  dinner  for  the  patiente 
and  attendants  of  the  hospital.  He  bequeathed  $50,000  to  Leonard 
Hall,  an  associate  mission  of  the  Episcopal  Church,  at  South  Bethlehem, 
Pa.,  $25,000  to  the  Epileptic  Hospital  and  Colony  Farm  (Philadelphia); 
$50,000  to  the  Philadelphia  Orthopoedic  Hospital  and  Infirmary  for 
Nervous  Diseases;  $15,000  to  the  United  Charities  of  Hazleton,  Pa.,  the 
income  to  be  applied  to  the  salaries  of  nurses;  and  $25,000  to  the  Mining 
and  Mechanical  Institute  of  the  Anthracite  Coal  Region  of  Pennsylvania, 
founded  by  his  uncle,  Eckley  B.  Coxe,  and  of  which  Eckley  B.  Coxe,  Jr., 
was  an  active  trustee  up  to  the  time  of  his  death.  This  Institute  is  known 
as  one  of  the  best  preparatory  schools  for  technical  education  in  Pennsyl- 
vania, and  is  mainly  devoted  to  extending  an  opportunity  for  education 
by  day  and  night  schools  to  the  bo3r6  and  young  men  of  the  Anthradte 
Region.  Its  principal  is  an  alumnus  of  Lehigh  University;  it  has  an 
able  local  Board  of  Trustees,  and  an  Advisory  Board  consisting  of  the 
Provost  of  the  University  of  Pennsylvania,  the  President  of  Lafayette 
College,  and  the  President  of  Lehigh  University,  all  three  of  which  insti- 
tutions have  established  prize  scholarships  in  the  Institute. 

Mr.  Coxe  came  of  a  distinguished  ancestry,  the  record  of  which  is 
fuUy  given  in  the  biographical  notice  of  his  uncle,  Eckley  B.  Coxe,  by 
Dr.  R.  W.  Raymond,  in  Vol.  XXV  of  the  TranscuAiims. 

A  man  of  charming  personality,  Mr  Coxe  was  greatly  esteemed  by  a 
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¥dde  circle  of  friends,  and  his  familiar  presence  at  the  Uniyeitity  Club  of 
Philadelphia  will  be  greatly  missed.  His  frail  body  sheltered  the  spirit 
of  a  courteous  gentleman  of  high  culture  and  lovable  and  gentle  character. 
There  are  many  who  feel  that  in  his  death  a  man  of  rar^  quality  and  parts 
has  passed  away — an  American  gentleman  of  the  truest  and  highest  type. 

GEORGE  W.  RITER 

George  W.  Biter  was  born  in  Salt  Lake  City,  Feb.  22, 1871,  the  son  of 
Levi  E.  Riter,  a  pioneer  of  Utah  and  California.  His  common  school 
education  was  received  in  the  public  schools  of  his  native  city. 

At  the  age  of  14  he  went  to  work  in  the  joint  offices  of  the  Utah  and 
Nevada  and  Salt  Lake  and  Western  Railways,  which  were  later  absorbed 
into  the  Union  Pacific  system.  In  a  service  of  six  years'  duration,  he 
worked  his  way  up  from  office  boy  to  that  of  Chief  Clerk,  serving  in  this 
capacity  three  succeeding  general  managers  of  the  Utah  Division  of  the 
Union  Pacific  system,  W.  W.  Riter,  George  Cumming,  and  J.  H.  Young. 

Desiring  to  obtain  a  college  education,  Mr.  Riter  left  the  employ- 
ment of  the  railway  and  entered  the  University  of  Utah  for  two  years  of 
college  preparatory  work.  In  1893^  he  entered  Leland  Stanford,  Jr. 
University,  from  which  institution  in  1896  he  received  the  degree  of 
Bachelor  of  Arts  in  the  department  of  Geology  and  Mining. 

On  arriving  home  from  Stanford  University  the  position  of  Secretary 
and  Assistant  Manager  of  the  Eureka  Hill  Mine  was  tendered  him  by 
John  Q.  Packard,  who  had  become  acquainted  with  his  ability  during  the 
period  of  his  service  on  the  railroad.  In  this  capacity  he  served  for  three 
years  (1899)  when  he  became  Secretary  and  General  Manager  of  the  com- 
pany, which  position  he  retained  until  1914  when  the  mine  became 
inactive  as  a  producer. 

In  1906-1906  Mr.  Riter  served  as  City  Engineer  of  Salt  Lake  City, 
and  during  his  occupancy  of  this  office  the  engineering  problem  of  making 
East  South  Temple  Street  the  present  beautifid  thoroughfare  it  is,  was 
planned  and  executed. 

He  also  had  charge  of  the  engineering  in  the  construction  of  both  the 
water  and  sewerage  systems  for  the  Town  of  Eureka. 

In  1914,  he  was  employed  by  the  Engineering  Department  of  the  Cali- 
fornia Highway  Commission  as  assistant  engineer  of  construction  on  the 
contract  for  the  southern  branch  of  the  great  state  highway. 

When  the  metal  schedule  of  the  present  tariff  law  was  under  discus- 
sion by  Congress  in  1913,  Mr.  Riter  was  selected  by  the  Lead  and  Zinc 
Producers  of  the  Western  States  to  represent  their  interests  at  Washing- 
ton, in  the  discussion  of  the  revision  of  import  duties  on  lead  and  zinc 
ores.  For  several  years,  Mr.  Riter  served  the  association  as  secretary  and 
statistician. 

Mr.  Riter  was  an  active  member  of  the  University  Club  of  Salt  Lake 
City,  of  the  Stanford  University  Alumni  Association  and  the  following 
professional  societies:  the  Mining  and  Metallurgical  Society  of  America; 
the  American  Society  of  Municipal  Improvements;  the  American  Society 
for  the  Advancement  of  Science,  Pacific  Division;  the  Seismological  Soci- 
ety of  America;  the  Utah  Society  of  Engineers;  the  American  Institute 
of  Mining  Engineers;  the  American  Mining  Congress. 

In  this  latter  society  Mr.  Riter  was  Chairman  of  the  Committee  on 
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Mineral  Statistics,  from  1911  to  1915.  He  was  also  a  member  of  the  com- 
mittee on  Smelter  Rates,  and  chairman  of  the  committee  appointed  by 
the  association  to  prepare  the  report  on  "The  Vertical  Side  Line  Law." 
At  the  meeting  of  the  Congress  held  in  Salt  Lake  City,  a  paper  on  "The 
Mining  Industries  of  Utah"  was  presented  by  him. 

For  the  American  Institute  of  Mining  Engineers,  Mr.  Biter  served  as 
a  member  of  the  Committee  on  Mining  Laws,  1914  to  1916.  He  became 
greatly  interested  in  the  matter  of  the  revision  of  laws  regarding  mineral 
lands  and  mining,  writing  a  great  many  articles  on  this  subject  for  various 
publications.  He  was  also  a  frequent  contributor  to  the  various  maga- 
zines and  technical  pubUcations  of  the  mining  and  metallurgical  world, 
writing  articles  on:  "The  Elastic  Hydro  Carbons  of  Utah;"  "The  Oil 
Flotation  Process;"  "The  Making  of  Mine  Survey  Notes;"  "Mineral 
Land  Laws;"  "Character  of  Title  to  Mineral  Land  that  shoidd  be  granted 
by  the  Government;"  "Cost  of  Silver-Lead  Smelting;"  "Selective 
Flotation." 

In  addition  to  his  active  engineering  work,  in  field  as  well  as  office,  he 
spent  a  great  deal  of  time  conducting  extensive  laboratory  experiments  for 
the  treatment  of  various  classes  of  ores,  together  with  experiments  into 
the  technology  of  asphalts  and  related  bitumens. 

At  the  time  of  his  death,  Aug.  20,  1916,  Mr.  Riter  was  developing  a 
large  tungsten  property  near  Lucin,  Box  Elder  County,  Utah.  He  was 
also  consulting  engineer  for  the  Emma  Copper  Mine  at  Alta. 

F.  McMillan  stanton 

F.  McMillan  Stanton  was  born  in  New  York  City  on  May  23,  1865, 
the  son  of  an  English  father  and  of  a  mother  whose  family  was  linked  with 
that  of  Peter  Stuyvesant. 

Mr.  Stanton  took  his  degree  from  the  School  of  Mines  of  Colmnbia 
University  in  1887,  worked  for  two  years  as  an  assayer  and  surveyor  and 
then  went  into  the  mining  field  on  his  own  account.  After  a  few  years, 
he  was  offered  a  position  with  the  Atlantic  Mining  Co.,  and  began  the 
work  which  was  to  continue  with  marked  success  for  twenty-three  years. 

In  1910,  Mr.  Stanton  retired  and  went  to  Europe  for  a  rest.  Upon 
his  return  in  1914,  he  was  elected  treasurer  and  director  of  the  Mohawk 
Mining  Co.,  the  Wolverine  Copper  Mining  Co.  and  the  Michigan  Copper 
Mining  Co.,  to  which  group  was  later  added  the  White  Pine  Extension 
Copper  Co.,  and  continued  to  serve  these  companies  until  the  time  of  his 
death,  Sept.  12,  1916. 

Mr.  Stanton  was  also  president  and  director  of  the  Ft.  Mountain  TaJc 
Co.,  a  director  of  the  First  National  Bank  of  Houghton,  Mich.,  of  the 
Ohio  and  Kentucky  Railroad,  and  of  the  Copper  Range  Co.  He  was  on 
the  membership  list  of  the  following  organizations:  .^erican  Society  of 
Civil  Engineers,  American  Chemical  Society,  American  Forestry  Asso- 
ciation, American  Society  of  Mechanical  Engineers,  American  Mining 
Congress,  Navy  League  of  the  United  States,  American  Association  for 
the  Advancement  of  Science,  Sons  of  the  Revolution,  Lake  Superior 
Mining  Institute,  National  Security  League,  National  Rifle  Association, 
and  many  others. 

He  became  a  member  of  this  Institute  in  1889. 
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EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 
Nw  York 

M«ets  first  Wednesday  after  first  Tueeday  of  eaeh  month. 
.  pj,^^ 


DAVID  H.  BROWNB.  CJkoJmMm.  PBBCY  B.  BARBOUR.  Vit»^hairman, 

A.  D.  BBBRS.  Swrdofv.  55  WaU  St.,  New  York.  N.  Y. 

0.  A.  BOHN,  Tnoawir, 

Button 
Meets  first  Monday  of  eaeh  winter  month.  _ 

W.  B.  C.  EUSTia  ChairwuM.  R.  L.  AGA88IZ,  ViM-Chaitwum 

B.  B.  BuGBBB,  80er§tanhTr§a9mnr,  Mass.  Inst,  of  Teehnology.  Boston,  Mass. 

ALBBBT  SAUVBUR,  H.  L.  SMYTH. 

ColufMa 

Holds  four  sessions  during  year.    Annual  meeting  in  September  or  October.  _,    , 
STANLY  A.  BASTON.  CKiiirman.  ^REDBRIC  KEFFBR,  Vie^-Chairman , 

LYNDON  K.  ARMSTRONG.  StcntaryTrMttwrnr,  P.  O.  Drawer  2154.  Bpokane.  Wash.  ^^ 
D.  C.  LIVINGSTON,  PRANK  A.  ROSS. 

Pvg&t  Sound 
Meets  seoond  Saturday  of  eaeh  month. 
GLBNVILLB  A.  COLLINS.  CiWiAiiMm.  H.  L.  MANLEY.  Vie^-ChaimuM. 

I.  F.  LAUCl^'''^  ^^^  S^^iory-Tr^^.  1048  Henry  Bldg..  SeatUe.  W^^^  ^  ^^ 

ShmOiem  Calif  amia 

C.  COLGOCK  JONBS.  CAalmMm.  ALVIN  B.  CARPENTEIL  ViM^CkMrman. 

FREDBRIQK  J.  H.  MBRRILL.  SMfsiary-lVMMiifw,  020  HigginB  Bids.*  Los  Anfeles,  Gal. 

A.  B.  W.  HODGES.  R.  A.  PEREZ. 

B.  A.  MONTGOMERY,  WILLIAM  F.  STAUNTON. 

Colorado 

L.  P.  HAMMOND.  ClUtirmam.  F.  H.  BOSTWICK,  YiM-Chtdrman. 

P.  M.  MoHUGH.  SMfsiary-lVMUiirtr.  812  Cooper  Bldg..  DenTsr.  Colo.        _ . ,, 

G.  A.  KENNEDY  .  «-«ir,.-r^  v«     «•.  M.  S.  MacCARTHY. 

AfoflldfMB 
J.  L.  BRUCE,  ClUtirmam,  W.  C.  SIDERFIN.  Yie^-Chairman. 

WALTER  B.  GABY,  ^Mrtfery-TVMMtirtr,    310  North  Jackson  St.,  Butte.  Mont._  __ 
W.  T.  BURN&  f  w-  ,  ^  ^   BRALY. 

San  FrancUoo 

Meets  seoond  Toesday  of  each  month. 
T.  A.  RICKARD,  Chairman,  W.  H.  SHOCKLBY,  Fiee-C%a<HRa». 

C.  B.  GRUNSKY,  JR.,  BearHary-Tnatwrir,  57  Post  St^  San  Randseo,  Cal.  _    _ 

B.  A.  HBRSAM,  .        .  •-  k.  W.  YOUNG. 

Penngyhania  AnthracUe 

R.  V.  NORRIS.  Chatrtnan. 
CHARLES  F.  HUBER,  YiM-Chairman,  EDWIN  LUDLOW,  Fia#-C/UilniMM 

W.  J.  RICHARDS.  Fies-CAa^sMm.  ARTHUR  H.  STORRS.  Yie^-ChairmaiK 

PAUL  STERLING,  Swrtiarv'Tnaaurer,  LeUsh  Valley  Coal  Co.,  Wilkes-Bane,  Pa. 
DOUGLAS  BUNTING.  FRANK  A.  HnXT  ALBERT  B.  JESSUP, 

RUFUS  J.  FOSTER,  JOHN  M.  HUMPHREY.  ROBERT  A.  QUIN. 

St  IxmU 

C.  J.  ADAMI,   Chairman,  HERMAN  GARLICH.    Fiee-CAa<niMn. 
F.  W.  DnWOLF.  Ftcs-CAoirmaii,  M.  M.  VALERIUS,  Vie^^haitman, 

WALTER  E.  MoCOURT,  80cr€ianhTrMmtr§r,  Washington  UniT.,  St.  Louis,  Mo. 

A.  W.  DICKINSON,  CHARLES  T.  ORR,  ARTHUR  THACHER. 
C.  R.  FORBES,                                     F.  D.  RASH. 

CkicOffO 
CHARLES  H.  MaoDOWELL,  Chairman,  LUTHER  V.  RICE.  Yitf-Chairman, 

HENRY  W.  NICHOLS,  ^SMrstary-rrMtwrir,  1045  E.  08  St..  Chieago.  lU. 
ALEXANDER  K.  HAMILTON,  HENRY  P.  HOWLAND. 

GEORGE  P.  HUL8T.  FREDERICK  T.  SNYDER. 

Utah 

C.  W.  WHITLEY,  Chairman.  WALTER  FITCH.  Yie»-<!hairman, 

ERNEST  GAYFORD.  BBorHarp-TrMtw^,  159  Pierpont  Ave..  Salt  Lake  dty,  Utah. 

B.  R.  ZALINSKI,  WILUAM    WRAITH. 

Aritona 

GERALD  SHERMAN.  Chairman. 
NORMAN  CARMICHAEL.  l«f  Vice-Chair,  B.  BRITTON  GOTTSBBRGER,  2nd  Yice-Chair, 

ARTHUR  NOTMAN,  Secretant-TrHUwnr,  Bisbee,  Aris. 
W.L.  CLARK,  J.  C.  GREENWAY. 

W.  G.  MoBIUDB.  FOREST  RUTHERFORD. 

Nevada 
J.  W.  HUTCHINSON.  Chairman,  FRANCIS  CHURCH  LINCOLN.  Yiee-Chairman. 

HENRY  M.  RIVES,  Seeretary-Treanurer,  Reno,  Nerada. 
W.  H.  BLACKBURN,  E.  A.  JULIAN. 

EMMET  D.  BOYLE.  JOHN  G.  KIRCHEN 

FREDERICK  BRADSHAW,  C.  B.  LAEENAN. 

TASKERL.ODDIE. 
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STANDING  00MMITTEE8 


QEORQE  D.  BARRON, 
SIDNEY  J.  JBNNING8, 


ARTHUR  8.  DWIQHT, 
LEWIS  W.  FRANCIS, 


BxBodum 

L.  D.  RICKBTTS.  CkairnuM. 

MemiberMp 

KARL  BILER8,  Chairwum. 

Fmanet 


W.  L.  SAUNDERS, 
BENJAMIN  B.  THAYBR. 


LOUIS  D.  HUNTOON. 
ARTHUR  L.  WALKBR. 


GEORGE  D.  BARRON,  Choirmam, 
ALBERT  R.  LEDOUX,  CHARLES  F.  RAND. 

Library 

B.  GYBBON  SPIL8BURY,  ChairwuM.* 
KARL  BILERS,!  B.  F.  ROBBBR,< 

ALEX  C.  HUMPHREYS,*  BRADLEY  STOUGHTON. 

Paper$  and  PubUeation$ 

BRADLEY  STOUGHTON.   Chairman, 


■ncunra  oomiiTnu 


KARL  BHiERS. 
JOSEPH  W.  RICHARDS, 
B.  F.  ROBBER, 


GEORGE  C.  STONE, 
SAMUEL  Au  TAYLOR. 


J.  L.  W.  BIRKINBINB, 
WnXIAM  H.  BLAUVELT, 
H.  A.  BRA8SERT, 
DAVID  H.  BROWNE. 
WHLIAM  CAMPBELL, 
R.  M.  CATLIN, 
ALLAN  J.  CLARK, 
FREDERICK  G.  COTTRELL. 
NATHANIEL  H.  EMMONS, 
JOHN  W.  FINCH, 
CHARLBS  H.  FULTON, 
F.  LYNWOOD  GARRISON, 
ROBERT  C.  GEMMELL, 
CHARLBS  W.  GOODALB, 
HARRY  A.  GUESS. 
R.  DAWSON  HALL, 
PHILIP  W.  HENRY, 


HEINRICH  O.  HOFMAN, 
WALTER  B.  HOPPER. 
HENRY  M.  HOWE, 
LOUIS  D.  HUNTOON, 
J.  B.  JOHNSON.  JR., 
WILLIAM  KELLY, 
JAMBS  F.  KEMP, 
CHARLES  K.  LEITH. 
ANTHONY  F.  LUCAS. 
EDWARD  P.  MATHEWSON, 
HERBERT  A.  MBGRAW, 
RICHARD  MOLDENKE, 
SEBLEY  W.  MUDD, 
R.  y.  NORRIS, 
BDWARD  W.  PARKER, 
EDWARD  D.  PETERS, 
R.  M.  RAYMOND. 


E08SITBR  W.  RAYMOND. 
THOMAS  T.  RBAD, 
ROBERT  H.  RICHARDS. 
L.  D.  RICKBTTS, 
HEINRICH  RIBS, 
RENO  H.  SALES, 
ALBERT  SAUYEUR, 
HENRY  L.  SMYTH, 
A.  A.  STEVENSON, 
RALPH  H.  SWEBT8BR. 
GEORGE  D.  VAN  ARSDALE. 
FEUX  A.  VOGBL, 
ARTHUR  L.  WALKBR, 
ROLLA  B.  WATSON. 
HORACE  V.  WINCHSLU 
FREDERICK  W.  WOOD. 
DWIGHT  B.  WOODBRIDGB. 


COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED 
STUDENT  SOCIETIES 

HARRY  H.  STOEK,  Chairman. 

Viee^kairmm 

CHARLES  H.  FULTON,  FREDERICK  W.  BPBRR, 

EDWIN  C.  HOLDEN,  GEORGE  J.  YOUNG, 

WALTER  R.  CRANE,  StcMlarw,  PMuwylTanU  SUte  CoU^se,  SUto  CoDcc*.  P^ 


LUTHER  W.  BAHNBY, 
DARSIE  C.  BARD. 
ROBERT  H.  BRADFORD, 
SAMUEL  W.  BEYER, 
GUY  H.  COX. 
JOSEPH  DANIELS. 
NOAH  F.  DRAKE, 
FRANK  W.  DURKBE. 


HOWARD  ECKFELDT, 
DAVID  M.  F0L80M, 
R.  R.  GOODRICH, 
CHARLES  B.  LOCKE, 

JAMBS  F.  McClelland. 

HARRY  B.  MBLLBR. 
WALTER  S.  MORLBY. 
HENRY  S.  MUNROB, 


CHARLES  J.  NORWOOD, 
H.  C.  PARMELEE, 
GEORGE  S.  RAYMBR, 
HEINRICH  RIBS, 
HENRY  L.  SMYTH, 
FRANCIS  A.  THOMSON, 
CLINTON  M.  YOUMQ. 


a  Until  Feb..  IQI7.        •  Until  F«b.,  1918.        •  Until  ¥ah^  1919.        «  UntO  Fab.,  1«M. 
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COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

THOMAS  T.  READ,  Chairman, 
PHILIP  W.  HENRY.  Fint  Vic^-^nutirmam. 

Vie&^hainnen 

HENRY  W.  NICHOLS, 
BRSKINB  RAMSAY. 
CHARLES  F.  RAND. 
GILBERT  RIGQ. 
WALTER  G.  SWART, 
RICHARD  P.  TINSLEY. 


LYNDON  K.  ARMSTRONG. 

F.  G.  COTTRELL, 

CHARLES  A.  BUCK, 

EDWARD  L.  DUFOURCQ. 

H.  W.  HARDINGE, 

H.  L  HOLLIS, 

DUNCAN  MACVICHIB, 

WILLIAM  H.  SHEARMAN.  Secretary,  65  WaQ  Sl.,N6W  York.  N.  Y, 


HUNTINGTON  ADAMS, 
F.  L.  ANTISELL, 
EDWIN  G.  BANKS, 
LOUIS  V.  BENDER. 

C.  H.  BENEDICT. 
JAMBS  G.  BERRYHILL, 
ALBERT  C.  BOYLE,  JR.. 

D.  H.  BRADLEY.  JR., 
▼ICTOR  M.  BRA8CHI. 
FRBDERIC  K.  BRUNTON, 
LB8TER  R.  BUDROW. 
MILTON  A.  CAINE. 
EDWIN  B.  CARPENTER, 
CHARLES  CATLETT, 
WILLIAM  B  CRAMER. 
NOAH  F.  DRAKE. 

J.  A.  BDE. 

LOUIS  V.  EBAANUBL. 
AUGUSTUS  H.  BUSTIS. 
WALTER  FITCH. 
WILLIAM  B.  FOHL, 
B.  OAYFORD. 
M.  H.  GIDBL, 
8TBPHBN  L.  GOODALB. 
CABL  B.  GRUNSKY.  JR.. 


GEORGE  A.  GUESS, 
BENJAMIN  M.  HALL, 
RICHARD  S.  HASBLTINB, 
FRANK  R.  HEWITT, 
EDWIN  HIGGINS. 
JOSEPH  T.  HILLES, 
,  JOHN  H0AT80N, 
ROY  J  HOLDEN, 
TADASHIRO  INOUYB. 
YING-CHIEH  KUANG. 
K.  C.  LI. 
I.  P.  LIHMB. 
JOHN  J.  LINCOLN. 
DOUGLAS  C.  LIVINGSTON, 
SPENCER  R.  LOGAN. 
F  B.  LUCAS, 
WALTER  E.  McCOURT. 
P.  M.  McHUGH. 
FREDERICK  J.  H.  MERRILL, 
ARTHUR  NOTMAN, 
HENRY  M.  PARKS, 
IRVING  PERRINE 
OLUF  a  PETERSEN, 
F.  E.  PIERCE, 
FRANK  Da  G.  RATHBUN. 


AMBROSE  B.  RING, 
WILLIAM  W.  ROSE, 
HAZEL  L.  SCAIFB, 
WILLIAM  J.  SHARWOOD. 
S.  F.  SHAW, 
JO  B.  SHERIDAN, 
ARTHUR  P.  SILUMAN. 
AMOS  SLATER, 
SUMNER  8.  SMITH, 
JOHN  G.  SMYTH, 
RICHARD  B.  STANFORD, 
PAUL  STERLING, 
LEWIS  STOCKBTT, 
ARTHUR  F.  TAGGART, 
CHARLES  H.  TAYLOR, 
BENJAMIN  F.  TILLSON. 
ARTHUR  L.  TUTTLB, 
R.  C.  WARRINER. 
WALTER  HARVEY  WEED, 
HENRY  A.  WENTWORTH. 
WILLIAM  Y.  WESTERVBLT, 
HERBERT  A.  WHEBLBE, 
EDWIN  B.  WHITE. 
C.  W.  WHITLEY, 
R.  B.  WOODWORTH. 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  MINES 

ARTHUR  F.  L.  BELL.  HENNEN  JENNINGS, 

ALBERT.  R.  LEDOUX.  E.  W.  PARKER.  L.  D.  RICKETTa 


BUctrieUy  in  Minino 
WILLIAM  KELLY, 
THOMAS  H.  LEGGETT, 
SAMUEL  A.  TAYLOR. 


Mine  BxploHom 

H.  M.  CHANCE, 
FRANK  HAAS. 
CARL  SCHOLZ. 


Min§StibMme$ 

JAMES  F.  KEMP, 
R.  V.  NORRia 
CHARLES  K.  LBITH. 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  STANDARDS 

Cappm':  F.  L.  ANTISELL.  Ahimtmim;  JOSEPH  W.  RICHARDS. 

Im4;  ARTHUR  S.  DWIGHT.  Z<im:  GEORGE  C.  STONE. 

Niektl:  JOHN  F.  THOMPSON. 

COMMITTEE  ON  NATIONAL  RESERVE  CORPS  OF  ENGINEERS 

ARTHUR  S.  DWIGHT,  Chairman. 
HBNRY  a  DRINKER,  D.  M.  RIORDAN,  WARREN  A.  WILBUR. 

NOMINATING  COMMITTEE 

SEELBY  W.  MUDD.  Chairman. 
DAVID  H.  BROWNE.  JOHN  C  GREBNWAY.  FREDERICK  LAIST. 

JAMES  GAYLEY.  H.  O.  HOFMAN,  R.  V.  N0RRI8. 

COMMITTEE  ON  ARRANGEMENTS,  NEW  YORK  (lUth)  MEETING,  1917 

DAVID  H.  BROWNE,  Chairman. 


LAWRENCE  ADDICKS, 
GEORGE  D.  BARRON, 
CUNTON  H.  CRANE, 
J.  B.  JOHNSON.  JR. 
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H.  A.  MEGRAW, 
THOMAS  T.  READ, 
BURR  A.  ROBINSON. 
F.  T.  RUBIDQB, 


B.  MALTBY  SHIPP. 
BRADLEY  STOUGHTON. 
JOSEPH  STRUTHERS, 
EDWARD  B.  STSRGia 
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INSTITUTE  REPRESENTATIVES 
UniM  BngiiMeHng  SoeUiy  TrutUn 

CHARLES  F.  RAND,*  W.  L.  SAaNDBRS,*  BENJAMIN  B.  THATXB.* 

Enainmring  FoundaUon 

R.  M.  RAYMOND,  BENJAMIN  B.  THATBL 

lAbrwry  Boards  UniUd  Bngineming  Society 

KARL  BILBfteL*  B.  F.  ROBBBR,« 

ALBX  a  HUMPHREYS.!  B.  GYBBON  J^ILBBURY.* 

BRADLEY  8T0UGHT0N. 

John  FtUm  Modal  Board  of  Award 

C.  R.  GORNING,«  ALBERT  8AUyBnR.t 
CHARLES  F,  RAND.«  B.  GYBBON  SPILSBURT.* 

Ooneral  Cor^oroneo  CommiUoe  of  Bnginooring  SodoUoo 

J.  PARKB  CHANNING.       BENJAMIN  B.  LAWRBNCB.       BRADLEY  STOUGHTON. 

Amoriean  AoooeiaUon  for  th$  Adoaneomont  rf  Seioneo 

WALDEMAR  UNDGREN.  JOSEPH  B.  TYRRELL. 

Adoioory  Board  of  tho  National  ConoonaHon  Conqroto 

HENRY  S.  DRINKER. 

CominMm  on  StandardigaiiUm  of  Orapkieal  Moihodi 

JUDD  STEWART. 

Commiitoo  on  NaHondl  Rooorvo  Corpo  of  Bnginooro 

ARTHUR  S.  DWIGHT. 

Commiiioo  on  Mining  Law  Booioion 

JAMES  R.  FINLAY  HENNBN  JENNINOa 

D.  C.  JACKUNG.  C.  F.  KELLEY, 

EDMUND  B.  KIRBY. 

Naoal  ConmMng  Board 

WILLULU  L.  SAUNDERS,  BENJAMIN  B.  THAYBR. 

JinocUstt  J£#iii6#rf 

STEPHEN  O.  ANDHOS,  J,  C.  OHEENWAY*  CHARLES  P.  RAND, 

B.  J   BABCOCK.  LAFAYETTE  HANCHBTT,        FRANK  D.  RASH, 

H.  R.  BATCH ELLEE*  H.  G.  HIXON,  R    H.  RICRARDS. 

A,  A.  BLOW,  C.  B  HOLUS,  C  8.  ROBINSON. 
PHILIP  K-BRADLEr,  GEORGE  P.  HUI^T,  WALTER  M.  SADKDEML 
J.  L  BRUCE.  FRANK  U,  HUMBERT,  E.ASAYEE, 

D.  W.  B  RUNTOMj  RENN  EN  J  EN  NI  NGa  H.  L,  9CAIFB, 

ALLAN  J.  CLAHK,  8,  W.  McCALLIE.  A.  M  .^WAETLEY. 

F.  K.  COFELAND.  A.  J-  McOUATTERS.  rRIEf^TLEY  TOULIf  IN, 

B.  F.  CREHSON.  4R.  C.  W.  MERRILL.  W.  E.  TRENT, 
ROBERT  N.  DICKMAN,  P.  N   MOORE,  M.  M.  VALERIUS* 
M,  M.  DUNCAN.  F.  W  D'NEtL.  W.  D.  WALTMAN, 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.    It  should  preferably  be  preeented  in  pereon  at  tha 

"    '  ~-  iperwillbei     "' 

. _  — 5, , Iiurtitttte  of . . 

39th  Street,  New  York,  N.  Y.,  for  preeentation  by  the  Secretary  or  other  repreeentattve  of  iti  author. 


New  York  meet^  February,  1017,  when  an  abetraot  of  the  paper  will  be  read.  If  this  is  impoaribla, 
then  diaouanon  in  writinc  may  be  lent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
"■         New  York/NTY.,  for  preeentation  by  the  Secretary  or  c  * 


Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1017.    Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Countercurrent  Decantation* 

BT   LUTHXB  B.   EAlCS8,t   E.   M.,   TUnaNB,   ONT.,   CANADA 
(New  York  Meeting,  February,  1017) 

The  recovery  of  dissolved  gold  from  slime  pulp  in  the  cyanide  process 
was  first  accomplished  by  intermittent  decantation.  This  simple  process 
consists  in  mixing  with  the  pulp  containing  the  values  in  solution,  a 
solution  of  lower  gold  content,  settUng  the  mixture  in  a  tank  and  decant- 
ing the  clear  supernatant  fluid.  The  thick  pulp  remaining  in  the  tank 
is  pumped  to  a  second  tank  together  with  more  barren  solution  and  again 
settled  and  decanted.  After  several  repetitions  of  this  operation,  values 
are  so  far  reduced  that  further  washing  is  not  profitable.  The  gold  re- 
covery of  this  process  is  high,  but  the  plant  required  is  bulky,  labor  cost 
is  high  and  the  amount  of  solution  to  be  precipitated  is  excessive. 

Historical  Data 

As  early  as  1901,  a  plant  was  built  in  the  Black  Hills  of  South  Dakota 
by  John  Randall,  employing  the  same  principles  but  attempting  to  make 
the  process  continuous  by  substituting  for  flat-bottomed  tanks,  cones 
which  operated  continuously,  receiving  a  constant  feed  and  discharging 
a  steady  stream  of  thickened  pulp.  These  cones  were  operated  in  series, 
the  thick  underflow  of  the  first  one  forming,  with  a  stream  of  diluting 
solution,  the  feed  to  the  second  cone  of  the  series.  Barren  solution 
was  added  to  the  tank  immediately  preceding  the  discharge  tank  and, 
after  being  sUghtly  enriched  by  the  low-grade  pulp  in  this  tank,  overflowed 
to  form  a  diluting  solution  again  for  the  richer  feed  entering  the  third 
tank  from  the  end  of  the  series,  and  so  on  back  to  the  richest  tank  of  the 
series.  Clear  water  was  used  for  the  wash  in  the  final  tank.  This  is 
the  principle  on  which  all  successful  countercurrent  decantation  plants 
operate  at  the  present  time,  but  Randall's  plant  was  not  successful  because 
of  mechanical  difficulties  in  getting  a  continuous  thick  discharge  from 
his  cone  tanks.  A  similar  plant  was  built  in  South  Africa  although  there 
the  washes  were  not  repeatedly  used,  as  in  Randall's  case,  but  were 
precipitated  after  each  contact  with  the  ore.    This  also  was  abandoned 

*  Also  published  at  this  time  in  the  BuUetin  of  the  Canadian  Mining  Institute, 
t  Mill  Superintendent,  HoUinger  Consolidated  Gold  Mines,  Ltd 
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because  of  mechanical  difficulties  and  the  cost  of  precipitating  the  large 
quantities  of  solution  that  had  to  be  used.  For  a  number  of  years  the 
process  was  not  used,  and  it  was  not  until  the  introduction  of  the  Dorr 
thickener  that  the  minds  of  metallurgists  began  to  turn  again  to  the 
continuous  decantation  principle. 

In  1910,  two  decantation  plants  were  built  making  use  of  flow  sheets 
similar  to  that  used  by  Bandall  nine  years  before,  but  substituting  Dorr 
thickeners  for  the  cones.  One  of  these  was  at  Mocorito  in  Sinaloa, 
Mexico,  and  was  installed  under  the  direction  of  C.  Dupre  Smith,  while 
the  other  was  designed  by  J.  V.  N.  Dorr,  assisted  by  the  writer,  for  the 
Vultiure  Mines  Co.  of  Wickenburg,  Ariz.  While  perhaps  not  perfect 
at  first,  both  of  these  pioneer  plants  were  so  successful  as  to  encourage 
further  installations,  few  and  scattering  at  first  but  in  considerable 
numbers  during  the  past  three  years. 

Theoretical  Considerations 

In  view  of  this  increasing  importance,  the  following  discussion  of  the 
principles  and  characteristics  of  the  process  is  offered.    For  the  [purpose 
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FiQ.  1. — TracAL  Flow  Shbbt  of  Gountbbcurbknt  Ststbm. 

of  investigation  a  simple  yet  typical  flow  sheet  has  been  selected.     This 
is  shown  in  Fig.  1. 

This  flow  sheet  assumes  that  crushing  is  done  in  solution,  the  over- 
flow from  the  tank  Tj  being  used  for  the  crushing  solution.  This  crush- 
ing solution  leaves  the  grinding  circuit  with  the  ground  pulp  and  enters 
Ti,  and  that  part  which  does  not  pass  to  the  agitators  with  the  pulp 
overflows  Ti  and  goes  to  precipitation.  After  depositing  its  gold  eon- 
tents,  it  is  used  to  dilute  the  underflow  of  Tj  as  it  enters  T4.  The  over- 
flow of  Ti  is  also  mixed  into  the  feed  to  Ta.  The  overflow  of  T4  mixes 
with  the  underflow  of  Tt  to  form  the  feed  to  T|,  and  so  forth,'as  indicated 
in  the  flow  sheet.  At  each  succeeding  mixture  the  solution  meets  a  pulp 
of  higher  dissolved  content  than  itself  and  is  enriched  while  the  pulp  is 
correspondingly  impoverished.  The  pulp  at  each  step  approaches  the 
discharge  end  of  the  mill  while  the  solution  goes  to  the  feed  end — Whence 
countercurrent  decantation. 
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Variables  Affecting  DecanUdion  Proceee 

The  principal  variables  that  may  affect  the  efficiency  of  the  process 
are: 

1.  Grade  of  ore. 

2.  Ratio  of  solution  precipitated  to  ore  treated. 

3.  Thickness  at  which  pulp  can  be  discharged. 

4.  Cost  of  chemicals. 

5.  Rapidity  of  dissolving,  and  the  place  in  the  circuit  where  it  takes 
place. 

6.  Efficiency  of  precipitation. 

Since  the  decantation  process  is  one  involving  volumes  and  dilu- 
tions, it  is  possible  to  calculate  accurately  what  distribution  of  values 
should  take  place  under  any  given  set  of  conditions.  As  far  as  pos- 
sible, each  one  of  the  above  variables  has  been  mathematically  considered 
independently  of  the  rest  and  the  results  have  been  plotted. 

The  effect  of  variations  in  the  grade  of  ore  is  shown  in  Fig.  2  and 
scarcely  needs  comment.  In  practice,  of  course,  no  such  increase  as  is 
shown  in  the  goldnsolution  curve  would  ever  be  allowed  to  take  place 
on  accoimt  of  the  difficulty  of  precipitating  such  high-grade  solution  and 
the  danger  of  leakage,  but  the  graph  shows  conclusively  that  all  solutions 
increase  in  value  in  direct  proportion  to  the  increase  in  the  grade  of  the 
ore  and  that  the  higher-grade  solutions  increase  at  a  much  more  rapid 
rate  than  the  final  washes. 

The  important  part  played  by  the  ratio  of  solution  precipitated  to 
ore  milled  is  shown  in  Fig.  3.  For  the  particular  grade  of  ore  considered, 
which  in  this  case  was  $10  recoverable  per  ton,  with  precipitation  to  3  c, 
the  economic  ratio  may  be  roughly  determined  by  inspection  of  the  lowest 
curve,  which  represents  the  value  of  the  solution  leaving  the  last  tank 
of  the  series  with  the  tailing.  It  will  be  noted  that  the  loss  in  gold  in- 
creases very  fast  as  the  amount  of  solution  precipitated  is  decreased,  while 
after  a  certain  point  the  increased  recovery  due  to  increasing  the  volume 
precipitated  is  very  slight. 

The  final  choice  of  the  exact  ratio  to  be  used  must  be  influenced  by 
the  cost  of  precipitation,  which  is  mainly  the  cost  of  zinc.  To  show 
clearly  the  effect  of  precipitation  cost  on  the  economic  precipitation  ratio, 
Fig.  4  was  plotted.  I  have  considered  it  safe  to  assume  that  the  cost  of 
increasing  the  amount  precipitated  is  due  to  the  additional  zinc  used. 
The  loss  in  dissolved  gold  and  the  cost  of  the  zinc  used  in  precipitation 
are  both  plotted  to  the  same  scale  in  cents  per  ton  of  ore.  By  adding 
the  ordinates  of  these  two  curves  a  third  is  formed  which  represents 
the  total  loss  in  gold  and  zinc.  The  lowest  part  of  this  curve  represents 
the  economical  range  and  indicates  that  for  a  S 10  ore,  under  the  conditions 
assumed  with  zinc  at  26  c,  from  200  to  250  tons  should  be  precipitated 
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per  100  tons  of  ore  treated.  In  dotted  lines  are  shown  the  corresponding 
curves  for  a  S5  ore  under  similar  conditions.  In  this  case  the  range  is 
from  150  to  200  tons.  While  there  is  a  considerable  range  within  which 
practically  identical  results  may  be  expected,  it  is  apparent  that  each 
operator  should  figiure  out  for  his  own  conditions  just  what  his  range  is. 
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The  next,  and  one  of  the  most  important  variables  to  be  considered, 
is  the  thickness,  or  percentage  of  solids,  to  which  pulp  can  be  settled. 
In  Fig.  5  the  values  of  the  various  overflows  have  been  plotted  so  as  to 
show  the  effect  of  variations  in  the  moistiure  in  the  underflows.  The  full- 
line  curves  represent  the  values  of  the  solutions — ^that  is,  they  are  shown 
as  per  ton  of  solution — ^but  in  calculating  losses  per  ton  of  ore^  the  ratio 
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of  the  solution  to  the  ore  present  must  be  considered.  The  loss  in  dis- 
solved gold  per  ton  of  dry  ore  for  the  last  tank  has,  therefore,  been  plotted 
in  a  separate  curve,  and  it  is  this  curve  which  should  be  given  the  most 
serious  attention  in  determining  the  suitability  of  an  ore  for  decantation. 
The  moisture  in  the  pulp  also  has  a  direct  bearing  on  the  cyanide  loss. 
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which  is  also  shown  in  Fig.  5.  This  has  been  shown  in  pounds  rather 
than  in  cents  because  solution  strength  and  the  price  of  cyanide  both 
affect  its  value.  Enough  is  shown,  however,  to  make  it  plain  that  there 
is  a  very  decided  limit  to  the  density  of  the  pulp  that  can  be  handled 
economically,  and  one  is  forcibly  reminded  that  the  cyanide  strength 
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should  be  kept  as  low  as  possible.  Operators  as  a  rule  seem  to  be  inclined 
to  "play  the  game  safe"  as  regards  solution  strength  and  it  is  probable 
that  in  many  cases  cyanide  could  be  saved  without  any  considerable  loss 
in  gold  by  using  solutions  of  a  lower  strength. 

In  making  the  calculations  upon  which  the  foregoing  curves  are  based, 
it  was  assumed  that  75  per  cent,  of  the  gold  was  dissolved  in  the  grinding 
department  and  the  remaining  25  per  cent,  in  the  agitators.  This  is,  of 
course,  an  approximation  which  cannot  be  accurate,  and  even  with  the 
cleanest  ores  some  gold  is  dissolved  in  passing  through  the  tanks  following 
the  agitators.     This  is  a  condition  that  has  always  been  met,  no  matter 
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FiQ.  4. — Method  of  Determining  the  Proper  Ratio  of  Solution  Precipitathd 

TO  Orb  Treated. 


what  the  method  of  recovering  the  dissolved  value.  Changing  solution 
during  agitation  has  been  practiced  for  years  in  the  treatment  of  silver 
ores,  and  in  the  treatment  of  concentrates  at  Goldfield  with  a  view  to 
reducing  this  lag  of  dissolving.  I  have  also  found  that  on  Goldfield  ore, 
pulp  from  the  final  agitators,  reagitated  without  change  or  addition  of 
solution,  would  give  up  no  more  gold,  while  reagitated  filter  tails  from 
the  same  ore  would  show  a  distinct  reduction.  The  same  condition 
exists  in  the  pulp  fed  to  decantation  plants  and  there  is  little  doubt 
that  some  dissolving  takes  place  even  in  the  last  tanks  of  the  series. 
Some  of  this  value  is  lost,  particularly  that  freed  near  the  final  discharge, 
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but  much  is  recovered  that  would  probably  not  be  won  by  any  other 
method.  The  superintendent  of  one  of  the  decantation  plants  treating 
Tonopah  ore  informed  me  that  his  sampling  indicated  that  the  additional 
dissolving  taking  place  in  his  plant  was  sufficient  to  offset  his  entire 
dissolved  loss  and  3  c.  per  ton  additional. 


Fio. 


20  80  40        ^      60  00 

Per  cent  Moisture  in  Thickener  Underflow 

5. — ^EFraCT  OF  VaBIATIONB  in  THB  PflBCBNTAQB  OT  MoiBTUBB  IN  THB  ThICK- 
BNSB  UnDBRFLOW. 


Any  considerable  dissolving  during  decantation  will  be  indicated 
by  a  difference  in  the  assay  value  of  the  solution  in  the  underflow  of 
the  tanks  as  compared  with  the  overflowing  solution.  In  practice  there 
is  always  more  gold  per  ton  in  the  underflow  solution  than  in  the  overflow 
of  any  given  tank,  but  in  the  ores  of  Porcupine  district  this  difference  is 
very  small.  Other  causes  may,  and  no  doubt  do,  tend  to  produce  this 
difference  between  the  overflow  and  the  underflowing  solution.  Adsorp- 
tion is  probably  the  most  important  and  perhaps  the  least  understood  of 
these.    In  the  case  of  the  ores  of  the  Porcupine  district  this  phenomenon 
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is  of  small  importance,  as  the  ore  is  composed  of  crystalline  schists  and 
quartz  and  there  is  little  tendency  for  the  ore  to  flocculate  under  the  in- 
fluence of  the  solutions  used.  The  gold  and  silver  ores  of  the  Western 
States  are  in  many  cases  in  eruptive  rocks;  these  ores  usually  flocculate 
in  solution  and  in  doing  so  seem  to  entrap  a  portion  of  the  value  in  the 
solution.  At  any  rate  there  is  a  much  more  noticeable  difference  in  the 
assays  of  tank  effluents  in  the  treatment  of  these  ores.  Faulty  mixing  of 
the  products  fed  to  the  tank  has  in  some  cases  been  blamed  for  this. 
In  most  plants  riffles  and  other  devices  are  put  in  launders  to  insiire  thor- 
oughness in  mixing,  but  our  experience  in  Porcupine  would  indicate  that 
the  ordinary  launder  makes  a  perfect  mixtiure.  Adsorption,  then,  would 
seem  to  be  the  more  important  cause  of  these  differences,  and  should  be 
a  profitable  field  for  further  investigation. 

Proper  precipitation  is  essential  in  decantation,  as  it  has  always  been 
in  every  other  process,  and,  as  shown  by  Fig.  6,  dissolved  gold  is  lost  in 
proportion  to  the  amount  of  value  in  the  barren  solution  used.  It  will 
be  observed,  however,  that  the  loss  does  not  increase  as  fast  as  the  value 
of  the  barren  solution  does. 

It  will  be  observed  that  the  value  of  the  solution  leaving  Ta  increases 
at  nearly  the  same  rate  as  the  barren  solution  and  that  all  the  preceding 
overflows  increase  by  exactly  the  same  amount  as  T4 .  The  water  dilu- 
tion cuts  the  final  loss  down  to  a  slower  increase  than  the  barren  solution 
itself. 

Mbchanioal  Fbatubes 

Dorr  Thickener 

The  mechanics  of  the  decantation  system  is  of  the  simplest,  but  is 
worthy  of  study  none  the  less.  The  Dorr  thickener  is  imiversaUy  used 
for  the  separation  and  is  so  well  known  and  so  standardised  that  it  need 
only  be  mentioned  in  passing.  It  has  been  fully  described  by  Mr.  Dorr 
himself  in  a  paper  read  before  the  Institute.^ 

The  arrangement  of  the  tanks  in  plan  may  be  largely  governed  by 
space  available  and  other  local  conditions.  In  elevation  it  is  very  con- 
venient to  have  the  last  tank  the  highest  and  the  preceding  ones  succes- 
sively lower,  so  that  the  overflowing  solutions  may  be  transferred  by 
gravity  with  a  minimum  of  attention.  Where  such  an  arrangement  is 
not  possible,  the  tanks  may  all  be  placed  on  the  same  level  using  auto- 
matically regulated  air  lifts  to  transfer  the  solutions  from  tank  to  tank. 

Diaphragm  Pumpe 

As  a  means  of  transferring  pulp,  the  diaphragm  pump  has  distanced 
all  competitors.    The  main  reasons  for  this  are  that  it  not  only  pumps 

1  The  Dorr  Hydrometallurgical  Apparatus,  Tram^  voL  40,  pp.  211-237  (1014). 
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but  at  the  same  time  measures  the  volimae  of  pulp  transferred.    The  flow 
of  pulp  is  not  easily  obstructed  by  foreign  matter,  such  as  chips,  waste  and 
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the  like,  since  the  openings  are  full  pipe  size  straight  through  the  pump. 
The  capacity  of  the  pump  can  be  controlled  with  certainty  by  means  of 
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cone  pulleys.  The  attendant's  duties  are  all  on  one  floor,  as  it  is  operated 
from  the  overflow  level  instead  of  at  the  bottom  of  the  tank.  Operating 
cost  is  very  low  on  a  properly  designed  pump. 

Air  lifts  were  used  for  a  time,  owing  to  their  cheapness  and  simplicity, 
but  they  are  hard  to  regulate  and  are  wasteful  of  power.  The  most 
careful  watching  will  not  prevent  them  from  "running  away,"  that  is, 
transferring  too  fast,  consequently  thinning  the  pulp  and  sending  large 
quantities  of  rich  underflow  solution  toward  the  discharge.  On  the  other 
hand,  if  they  are  set  too  slow  the  gradual  thickening  of  the  discharge  slows 
up  the  flow  and  finally  stops  it. 

Spigot  discharge  to  a  bucket  elevator  or  centrifugal-pump  sump  has 
also  been  tried,  pulp  and  solution  being  mixed  and  elevated  together. 
There  are  several  objections  to  this  arrangement,  the  principal  one  bang 
high  power  and  maintenance  cost  for  the  pumping  or  elevating  machinery. 
Both  the  solution  and  the  pulp  must  be  lifted  more  than  the  full  height 
of  the  tank  for  each  decantation.  The  small  high-velocity  stream  of 
pulp  passing  through  a  spigot  at  relatively  high  pressure  is  subject  to 
frequent  stoppages  due  to  foreign  matter,  and  even  when  this  does  not 
cause  a  complete  plugging  it  interferes  with  uniformity  in  operation. 
There  is  also  the  objection  that  work  is  done  on  two  floors,  one  below 
and  one  above  or  near  the  top  of  the  tanks. 

There  has  been  a  certain  amount  of  prejudice  against  diaphragm 
pumps  due  to  the  fact  that  some  of  the  earlier  pumps  were  poorly  de- 
signed for  the  work  they  had  to  do.  Faulty  valves  were  responsible 
for  much  of  this.    Poor  methods  of  regulation  also  had  their  effect. 

The  practice  in  most  plants  in  the  Porcupine  district  now  is  to  use 
cone  pulleys  for  the  regulation  of  capacity,  although  some  of  the  operators 
favor  regulation  by  varying  the  length  of  stroke. 

The  valves  should  be  of  the  floating  type,  as  any  hinge  device  wiU 
catch  the  wood  chips  that  are  present  in  the  best-screened  pulp.  The 
chips  lodged  in  the  hinge  of  the  valve  cause  leaks  which,  though  small 
in  amount  at  first,  cause  cutting  of  the  seat  and  consequently  permanent 
leakage.  With  the  floating  valve  there  is  no  place  for  chips  to  lodge  and 
the  whole  circumference  of  the  seat  is  washed  by  pulp  at  every  stroke. 
This  type  of  valve  also  has  the  advantage  that  the  lower  valve  may 
be  placed  directly  below  the  upper  one  and  made  small  enough  to  be 
lifted  out  through  the  upper-valve  seat  when  the  upper  valve  has  been 
removed.  No  tools  are  required  for  the  removal  of  these  valves  and  it  is 
a  simple  matter  to  inspect  them. 

The  best  results  have  been  obtained  when  the  working  surface  of  both 
the  valve  and  seat  were  of  high-grade  rubber.  Belting  was  used  at  first, 
but  it  was  found  that  minute  leaks  were  almost  sure  to  start,  due  to  the 
fact  that  belting  is  not  yielding  enough  to  close  over  any  chip  that  may 
lodge  on  the  valve  seat,  and  that  a  leak  once  started  would  ruin  both 
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valve  and  seat  in  the  course  of  a  few  days.  On  the  other  hand,  valves 
of  rubber  seatmg  on  rubber  have  operated  6  months  without  the  slightest 
decrease  in  efficiency  and  with  scarcely  perceptible  wear. 

Diaphragm  pumps  have  been  operated  at  speeds  varying  from  15  to 
100,  the  higher  speeds  usually  in  conjunction  with  a  short  stroke. 

The  practice  at  the  Hollinger  mill  has  been  to  use  a  low  speed  and 
a  stroke  as  long  as  the  diaphragm  could  safely  stand.  Measurements 
taken  on  the  Hollinger  piunps  equipped  with  standard  No.  4  Gould 
diaphragm  at  3-in.  stroke  gave  results  as  shown  in  the  following  table: 

Number  of  Strokes  ^^^^J^^T^^^'  Spwjifio  Oravity  Per  Cent.  SoUd« 

14.5  0.139  1.54  54.5 

23.0  0.148  1.48  50.5 

Tom  SoUds  Pumped      Per  Cent.  Increase  in  ^^^  ^?{;i«*^2^  "*         Per  Cent.  InereMe  in 

per  day  Speed  S^e  Tonnage 

76.3 
114.5  58.5  6.5  50 

From  the  above  figures,  which  are  typical  of  numbers  of  tests  made,  it 
may  be  inferred  that  the  volume  pimiped  is  roughly  proportional  to  the 
speed  of  the  pump  but  that  leakage  is  slightly  greater  on  the  lower 
speeds. 

The  low  speeds  and  the  placing  of  the  discharge  lips  high  enough  above 
the  discharge  valve  to  leave  3  or  4  in.  of  pulp  over  the  valve  at  the  end 
of  the  upstroke  have  rendered  the  pumps  of  the  Porcupine  district  prac- 
tically free  from  the  splash  and  dirt  that  have  been  one  of  the  chief 
objections  to  diaphragm  pumps  in  the  past. 

Where  tanks  have  a  settling  capacity  of  over  125  tons  of  solids  per 
day,  it  may  be  found  advisable  to  use  two  diaphragms  in  parallel,  making 
a  duplex  or  even  a  triplex  pump.  This  arrangement  has  several  ad- 
vantages; with  the  lowered  speed,  strains  of  the  pump  are  lessened  and 
distributed,  and  repairs  can  be  made  on  one  unit  without  complete  stop- 
page of  the  tank  discharge.  Diaphragm  life  appears  to  be  roughly 
proportionedto  thenimiber  of  strokes,  so  that  an  increase  in  the  number  of 
diaphragms  employed,  with  a  corresponding  decrease  in  the  strokes  per 
diaphragm  does  not  result  in  an  increased  cost  for  diaphragms. 

As  a  safeguard  against  waste  and  other  foreign  matter  it  is  advisable 
to  screen  the  pulp  before  it  goes  to  the  decantation  tanks,  and  where 
small  wood  chips  are  to  be  expected  a  fairly  fine  screen,  usually  of  punched 
plate,  will  be  of  great  service  in  protecting  thickeners  and  pumps. 

Measurement  of  Solviion  Precipitated 

Every  cyanide  plant  has  some  method  of  determining  the  amount 
of  solution  precipitated,  and  in  decantation  plants  having  only  one  series 
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of  tanks  the  entire  tonnage  of  precipitated  solution  is  used  at  one  place. 
If ^  however,  more  than  one  series  of  tanks  is  used  it  becomes  important 
to  split  this  precipitated  solution  into  parts  proportional  to  the  tonnage 
of  ore  being  washed  in  each  series.  This  can  not  be  done  by  regulating 
the  valve  at  the  outlet  of  the  barren  line,  as  trial  has  shown  that  under 
some  conditions  an  increase  of  as  much  as  50  per  cent,  can  be  made  in 
the  amount  flowing  from  a  pipe  line  without  any  visible  change  in  the 
stream. 

This  difficulty  has  been  overcome  by  the  use  of  V-notch  wdr  boxes, 
one  for  each  series  of  tanks.  In  each  weir  box  is  a  float  compartment  and 
a  float  operating  an  indicator  on  a  scale  which  reads  in  tons  per  24  br. 
While  the  weir  box,  which  can  be  readily  made  at  any  mine,  is  not  a 
recording  instrument  but  gives  only  an  instantaneous  rate  reading,  its 
use  greatly  simplifies  the  problem  of  proper  distribution  of  barren  solu- 
tion. Water  also  should  be  added  in  proper  amounts  and  uniformly 
distributed.  A  smaller  weir  box  has  been  found  convenient  for  thk 
piurpose. 

It  is  usual  to  determine  the  specific  gravities  of  various  pump  dis- 
charges about  a  decantation  plant  at  least  once  a  shift.  In  a  small  plant 
this  consumes  little  time  but  if  there  is  a  large  number  of  measurements 
to  be  made  the  distance  to  be  covered  by  the  operator  is  considerable, 
especially  if  he  has  to  return  to  a  central  point  for  each  weighing.  In 
such  plants,  a  spring  balance  with  a  dial  and  revolving  hand,  that  can 
be  carried  about  the  plant,  is  a  good  type.  I  have  used  a  milk  scale 
having  an  adjustable  tare-indicating  hand,  which  makes  one  complete 
revolution  for  10  lb.  I  use  a  narrow-necked  can  which  holds  just  10 
lb.  of  water  when  level  full.  This  makes  it  possible  to  add  a  paper  dial 
which  can  easily  be  divided  so  as  to  read  directly  specific  gravities.  The 
large  sample  makes  possible  accurate  readings  and  enables  the  operator 
to  determine  gravity  at  the  place  where  the  sample  is  taken. 

Tray  Thickeners 

In  his  paper  on  the  Dorr  metallurgical  apparatus,  Mr.  Dorr  touched 
on  the  future  of  tray  thickeners,  and  spoke  of  the  possibility  of  a  complete 
decantation  plant  being  installed  in  one  tank.  While  this  has  not  been 
done  as  yet,  a  foiurnstep  decantation  followed  by  a  continuous  filter  is 
in  operation,  the  four  steps  of  the  decantation  being  completed  in  two 
tanks  equipped  with  single  trays.  While  no  figures  have  been  made 
public  the  results  are  said  to  be  creditable. 

•Another  use  of  the  tray  in  decantation,  which  is  shortly  to  be  tried 
at  the  Hollinger  mill,  is  to  increase  the  capacity  of  existing  plant  with- 
out  increasing  the  number  of  tanks  installed.  Since  the  same  grade 
of  solution  is  handled  in  both  tank  and  tray  there  is  no  danger  of  any 
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mixing  of  solutions  of  different  grades.  This  plan  should  decrease  the 
cost  of  buildings,  tank  foundations  and  building  site  in  almost  direct 
proportion  to  the  increase  in  capacity  gained,  while  tank  cost,  power  and 
labor  should  all  be  decreased  to  a  marked  degree.  The  outcome  of  this 
experiment  should  have  a  direct  bearing  on  the  futiu'e  of  the  decantation 
process.  It  must,  however,  be  borne  in  mind  in  this  connection  that 
some  slimes  require  time  for  their  final  thickening  and  consequently 
necessitate  a  tank  of  some  depth,  while  other  slimes  find  their  capacity 
limit  in  tne  thin-pulp  settling  rate.  For  this  latter  class,  as  explained 
by  Messrs.  Coe  and  Clevenger  in  their  paper  on  slime  settling,*  a  shallow 
tank  or  tray  is  sufficient  while  the  former  class  requires  a  tank  of  carefully 
calculated  depth  to  give  the  required  time  for  thickening. 

The  Decantation  Plant  op  The  Hollinger  Co. 

The  Hollinger  decantation  plant  consists  at  present  of  five  rows  of 
40-ft.  tanks,  four  tanks  to  a  row,  forming  a  plant  of  five  units.  The 
tanks  are  arranged  with' a  difference  in  elevation  of  2  ft.  6  in.  between 
steps  with  the  final  tanks  of  the  series  the  highest,  so  that  all  solutions 
gravitate  through  and  out  of  the  plant  to  precipitation.  The  Barrett 
specification  roof  is  supported  on  flat  trusses,  the  lower  chords  of  which 
pass  just  above  the  tank  rims.  These  trusses  also  serve  to  support  the 
thickener  mechanisms  and  the  walks  between  the  tanks. 

The  diaphragm  pumps  used  were  designed  by  the  company's  staff, 
and  have  been  very  reliable  and  economical.  They  are  all  three-throw 
or  triplex  pumps  so  that  in  spite  of  the  large  tonnage  handled  the  duty 
on  each  diaphragm  is  light.  It  is  not  imcommon  for  diaphragms  to 
last  300  da3rs  while  the  life  of  the  present  type  of  valves  and  seats  has 
yet  to  be  determined. 

The  pumps  are  used  not  only  for  pulp  transf erral,  but  also  for  the  final 
discharge.  This  makes  regulation  of  the  final  discharge  for  moisture 
much  easier,  more  reliable,  keeps  the  work  of  the  operator  all  on  the  upper 
floor  and  allows  the  tailing  to  be  discharged  at  a  considerably  greater 
elevation  than  would  otherwise  be  the  case. 

The  barren  solution  and  water  wash  added  to  each  row  are  measured 
by  separate  float-reading  weir  boxes  assuring  uniform  results  from  the 
various  units. 

Labor 

The  plant  is  operated  by  one  man  per  shift  who  oils  all  machinery, 
watches  and  adjusts  the  pumps  and  records  their  performance.    The 

*  Laboratory  Method  for  Determining  the  Capacities  of  Slime-Settling  Tanks, 
B^MOin  No.  Ill,  p.  597  (March,  1916). 
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solution  man  makes  titrations  and  regulates  the  addition  of  water 
solution  but  has  no  other  duties  in  the  decantation  plant.  A  repair  man 
on  day  shift  makes  all  repairs  and  has  time  for  other  work. 

Power 

The  power  for  each  tank  including  motor  and  Une-ehaft  losses  is 
under  1  hp.,  while  each  three-throw  pump  consumes  about  the  same 
amouni.' 

Coat 

The  costs  for  the  12  weeks  from  Jan.  28  to  Apr.  21,  1916,  have 
been  taken  as  typical  of  what  is  done  by  this  plant  at  its  present 
capacity.  During  this  time  85,854  tons  were  decanted  at  a  cost  of 
S599  for  supplies,  including  power,  and  $1,194  for  labor,  or  S0.007  per  ton 
for  power  and  supplies,  and  S0.0139  for  labor,  making  a  total  of  SO-0209 
per  ton  for  decantation.  Labor  is  no  doubt  higher  here  than  it  will  be 
in  the  future,  as  a  greatly  increased  tonnage  is  to  be  treated  while  supplies 
and  power  should  remain  nearly  the  same.  The  cost  as  it  stands  is 
about  40  per  cent,  of  the  cost  of  filtering  on  leaf  filters  at  about  the  same 
daily  tonnage. 

Extraction  and  Recovery 

In  the  ores  of  the  Porcupine  district  the  recovery  by  dilution  seems 
to  be  almost  the  theoretical  maximum.  Adsorption  does  not  seem  to 
have  any  appreciable  efifect.  There  is  a  slight  dissolving  during  decan- 
tation which,  while  it  adds  to  the  recovery,  makes  the  soluble  loss 
somewhat  greater  than  it  would  otherwise  be. 

The  figures  quoted  below  on  chemical  consumption  and  recovery 
refer  to  only  two  units  of  the  Hollinger  plant.  The  figures  on  these 
units  are  given  because  the  other  units  of  the  mill  share  their  feed  with 
the  original  Moore  filter  plant,  and  Ukewise  their  barren  solution,  while 
for  commercial  reasons  the  two  units  in  question  have  been  given  a  sepa- 
rate solution  system  and  separate  precipitation  presses.  These  two 
units  are  therefore  the  only  ones  upon  which  all  the  figures  are  available. 

In  comparing  the  results  quoted,  however,  it  should  be  borne  in  mind 
that  the  fiow  sheet  has  been  modified  in  this  plant  somewhat,  because  of 
limitations  of  space,  so  that  the  overflow  of  T2  instead  of  that  of  Ti  goes 
to  precipitation.  The  effect  of  this  is  to  raise  the  theoretical  value  of 
the  overflow  of  the  last  tank  3  c.  at  3  to  1  precipitation. 

A  statement  of  results  follows: 

Period  covered,  same  as  that  for  which  costs  were  given — ^from  Jan. 
28,  1916,  to  Apr.  21,  1916. 


*  More  recent  measurements  show  that  20  tanks,  of  which  four  contain  trays, 
consume  9.2  hp.  motor  input;  while  24  three-throw  pumps  take  11.1  hp.,  or  a  total 
of  20.3  for  the  plant. 
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Tons  of  ore  treated 38,885 

Value  per  ton  of  ore  treated $8.92 

Ratio  of  ore  to  solution  precipitated 100  to  285 

Tons  solution  precipitated 110,604 

Strength  of  cyanide  used 0.9  lb.  per  ton,  or  0.0045  per  cent. 

Cyanide  added  per  ton  of  ore 0.46  lb. 

Difference  between  pulp  feed  and  pulp  discharge  for  first  tank  after 

agitators 25  c. 

Average  moisture  in  tails 45  per  cent. 

Average  value  of  barren  solution 3.2  c. 

Dissolved  gold  per  ton  of  solution  discharged 11.71  c. 

Dissolved  gold  per  ton  of  ore  discharged 9.67  c. 

It  is  theoretically  possible,  taking  into  consideration  the  flow  sheet, 
the  grade  of  ore  treated,  the  barren  solution  used  and  the  thickness  of 
pulp  attained,  to  have  reduced  the  overflow  of  the  last  tank  to  7.6  c. 
leaving  a  difference  of  4.1  c.  to  be  accounted  for  by  continued  dissolving, 
adsorption,  etc. 

Viewed  in  one  way  it  may  be  said  that  actual  losses  are  54  per  cent, 
higher  than  theoretical,  but  where  one  is  dealing  with  samples  so  easily 
affected  by  faulty  manipulation  and  where  any  error  except  losses  in 
assaying  tends  to  raise  the  results,  a  check  to  4  c.  does  not  seem  bad. 
The  average  loss  would  have  been  somewhat  less  if  the  occasional  high 
results  had  been  omitted,  but  this  was  not  done. 

From  the  foregoing,  I  believe  one  is  warranted  in  concluding  that  a 
reasonably  accurate  forecast  can  be  made  of  the  results  to  be  expected 
from  a  decantation  plant  and  that  these  results  may  compare  very  favor- 
ably with  the  results  obtained  from  filter  plants. 

In  conclusion  1  would  say  that  I  am  indebted  to  P.  A.  Robbins, 
Managing  Director  of  the  HoUinger  company,  for  permission  to  quote 
results  from  the  HoUinger  plant. 
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It  should  preferably  be  presented  in  pereon  •!  the 
n  this  wimpoirible. 


DISCUSSION  OF  THIS  PAPER  IS  INVITED.     ^ 

New  York  meeting,  February,  1917,  when  an  abstract  of  the  paper  will  be  read. 

then  disoussion  in  writins  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Apr.  1, 1917.  Any  discussion 
offered  tnereafter  diould  preferably  be  in  the  form  of  a  new  paper. 


A  Method  for  Distinguishing  Sulpliides  from  Oxides  in  the  Metallography 

of  Steel 

BT  OEORQE  F.  COMSTOCK,  A.  B.,  MET.  E.,  NIAQARA  FALLS,  N.  T. 
(New  York  Meeting,  February,  1917.) 

It  seems  a  common  opinion  among  metallographists  that  all  light-gray 
inclusions  seen  with  the  microscope  in  polished  sections  of  steel  are  man- 
ganese sulphide.  Examples  of  this  belief  are  continually  appearing,  as 
for  instance  in  the  paper  by  Dr.  Henry  Fay  on  manganese  sulphide  as  a 
source  of  danger  in  steel  rails,*  and  in  Lieutenant-Conmiander  Cook's 
paper  on  Metallography  of  Steel  for  U.  S.  Naval  Ordnance.*    Slate- 


FiG.  1. — Transverse  View  of  the  Edge  of  a  Small  Hot-rolled  Steel  Rod. 
Etched  with  Picric  Acid.     X  200. 

colored  inclusions  are  considered  to  be  silicates,  and  dove-gray  inclusions, 
manganese  sulphide.  To  show  the  danger  in  the  latter  unquaUfied  as- 
sumption, it  should  be  sufficient  to  examine  the  edge  of  any  piece  of  steel 
that  is  covered  with  a  fairly  thick  scale,  and  that  has  been  polished  in 
such  a  way  as  to  prevent  the  scale  from  breaking  away  entirely  below 
the  polished  surface.     This  can  be  done  by  protecting  the  scaled  edge  of 


*  Metallographist,  Physical  Testing  Laboratory,  Titanium  Alloy  Manufacturing 
Co. 

^  A  Microscopic  Investigation  of  Broken  Steel  Rails:  Manganese  Sulphide  as  a 
Source  of  Danger.  Proceedings  of  the  American  Society  for  Testing  Materials^  vol.  8, 
p.  74  (1908). 

«  Trans,,  vol.  53,  p.  238  (1915). 
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the  specimen  with  some  soft  metal,  or  fusible  metal  applied  molten,  or 
ordinary  red  fiber  such  as  electricians  use  for  insulating.  An  examination 
of  this  scale,  if  the  polishing  has  been  done  well,  and  the  sample  is  pref^- 
ably  imetched,  will  show  it  to  be  light  gray  in  appearance,  and  apparently 
''manganese  sulphide."  As  a  matter  of  fact,  however,  we  know  that 
scale  is  chiefly  iron  oxide,  and  contains  sulphur  only  as  an  impurity.  Its 
similarity  in  appearance  to  manganese  sulphide  is  shown  in  Fig.  1,  which 
is  a  transverse  view  of  the  edge  of  a  small  hot-rolled  steel  rod,  magnified 
200  diameters.  The  steel  has  been  etched  with  picric  acid,  but  the  gray 
scale  can  be  plainly  seen  at  the  edge  of  the  metal.  The  very  dark  mate- 
rial beyond  the  scale  is  the  red  fiber  in  which  this  specimen  was  clamped 
to  prevent  the  scale  from  falling  away  during  polishing. 

In  the  course  of  several  years'  work  with  the  microscope  on  rail  sted 
and  other  commercial  steels  the  writer  has  not  infrequently  seen  light- 
gray  inclusions  that,  from  evidence  given  by  sulphur  prints,  or  for  other 
reasons,  did  not  seem  Ukely  to  be  sulphides,  and  in  some  cases  these  were 
known  without  any  doubt  to  be  oxides,  like  the  scale  mentioned  above. 
Finally,  a  case  of  some  importance  arose,  where  it  was  desired  to  know 
definitely  whether  certain  light-gray  inclusions  were  sulphides  or  not,  and 
it  was  not  possible  to  decide  the  question  from  their  color  alone.  Refer- 
ence to  the  standard  textbooks  on  metallography  did  not  help  much,  for 
the  only  real  test  described  for  distinguishing  oxides  from  sulphides  in- 
volved heating  the  polished  sample  in  a  current  of  carefully  purified 
hydrogen,  and  this  method  was  considered  as  too  complicated  and  neces* 
sitating  too  much  preparation  and  practice.  Etching  with  weak  organic 
acids  was  not  found  satisfactory,  and  neither  was  the  method  of  using 
a  drop  of  stdphuric  acid  and  watching  for  bubbles  of  hydrogen  sulphide 
gas.  Tried  with  known  sulphide  inclusions,  both  these  methods  attacked 
the  steel  itself  too  strongly,  or  else,  if  the  acids  were  weakened,  had  no 
effect  either  on  steel  or  sulphides.  It  was  finally  decided  to  get  together 
a  few  speciihens  containing  sulphides,  and  others  in  which  oxides  were 
known  to  be  present,  and  to  try  various  solutions  on  them  imtil  one  was 
found  that  would  attack  one  type  of  inclusion  and  not  the  other. 

This  work  had  not  progressed  very  far  when  it  was  remembered  that 
boiling  alkaline  sodium  picrate,  which  is  used  to  darken  cementite,  having 
no  effect  on  ferrite  and  very  Uttle  on  pearlite,  was  always  found  to  attack 
the  sulphide  inclusions  in  a  sample,  leaving  black  pits  instead  of  the  light- 
gray  spots  seen  before  etching.  Fig.  2,  for  instance,  shows  some  sulphide 
inclusions  in  a  polished  section,  unetched,  cut  from  a  segregated  streak  in 
a  steel  rail,  where  sulphur  prints  indicated  the  presence  of  high  sulphur. 
This  same  spot  etched  with  boiling  alkaline  sodium  picrate  is  shown  in 
Fig.  3,  where  the  sulphides  are  seen  to  have  been  blackened  by  this 
reagent.  The  darkening  seems  to  be  due  to  an  actual  solution  of  the 
manganese  sulphide  in  the  etching  Uquid,  so  that  instead  of  a  smooth 
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polished  surface,  we  now  have  a  surface  full  of  pits  or  hollows,  where  the 
sulphides  were,  and  as  these  hollows  do  not  reflect  any  light  back  into  the 
microscope  with  vertical  illumination,  they  appear  black  in  the  field  of 
view.  Figs.  4  and  5  show  some  other  sulphide  inclusions  in  a  shellnsteel 
billet,  before  and  after  etching,  respectively.    In  this  lower-carbon  steel 
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Fig.  2. — Unstched. 


FiQ.  3. — Etchbd  with  Boiling  Alkalinb 

SODITTM  PiCBATB. 


Sulphide  Inclusions  in  a  Polished  Section  Cut  from  a  Segregated  Streak  in  a 

Steel  Rod.     X  130. 

the  ferrite-pearlite  structure  is  brought  out  faintly  by  the  etching,  but 
not  enough  to  interfere  with  the  distinct  blackening  of  the  sulphides. 

When  this  etching  with  boiling  alkaline  sodium  picrate  was  tried  on 
steel  known  to  contain  oxides,  the  problem  of  distinguishing  oxides  from 


Fig.  4. — Unetched.  Fig.  5. — Etched. 

Sulphide  Inclusions  in  a  Shell-Steel  Billet.     X  130. 

sulphides  was  solved  at  once,  for  the  oxide  inclusions  were  found  to  be 
absolutely  unattacked.  Fig.  6  shows  some  oxides  in  a  polished  unetched 
sample  of  clean  rail  steel  treated  while  molten  in  a  crucible  with  nickel 
oxide.    The  steel  undoubtedly  reduced  the  nickel,  forming  iron  oxide. 
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lig.  7  shows  this  same  spot  after  etching;  and  looks  exactly  like  the  un- 
etched  view.  Fig.  8  shows  a  cross-section,  unetched,  of  a  seam  in  the 
base  of  a  steel  rail.  These  smface  seams  are  always  filled  with  scale,  or 
oxide,  although  the  Ught-gray  color  has  sometimes  led  observers  to  believe 
that  manganese  sulphide  was  present.    The  fact  that  such  seams  give 


Fig.  6. — Unktchbd. 


Fig.  7. — Etchsd. 


Iron  Oxides  in  Rail  Steel.     X  130. 

Ught  streaks  instead  of  black  spots  on  sulphur  prints  and  etched  sections, 
however,  shows  that  oxide  and  not  sulphide  is  really  present  in  them. 
This  seam,  etched  with  boiUng  alkaline  sodium  picrate,  is  shown  in  Pig.  9. 
The  oxide  is  seen  to  be  entirely  unattacked. 


Fig.  8. — Unetched.  Fig.  9. — Etched. 

CrossHsection  of  a  Seam  in  the*  Base  of  a  Steel  Rail.     X  130. 

The  application  of  this  solution  to  etching  all  grades  of  steel  for  dis- 
tinguishing between  oxides  and  sulphides  has  not  been  described  before, 
80  far  as  the  writer  is  aware.  In  ease  of  appUcatioii  and  certainty  of 
results  it  is  much  superior  to  other  methods  that  have  been  suggested  for 
this  purpose.    One  advantage  is  that  the  solution  used  is  one  that  every 
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metallographist  should  have  on  hand  for  etching  cementite  in  high-carbon 
steel.  Thus  this  same  solution  can  be  made  to  serve  two  purposes.  It 
was  first  discovered  by  Koiu'batoff,  who  recommended  it  for  darkening 
cementite  because  it  does  not  attack  ferrite  or  pearlite.  The  writer 
makes  up  the  solution  according  to  the  formula  given  in  Sauveur's  MetaU 
lography  and  Heat  Treatment  of  Iron  and  Steel,  the  procediu*e  being  about 
as  follows:  25  g.  NaOH  are  dissolved  in  60  to  70  c.c.  of  water,  2  g.  of 
picric  acid  are  added,  and  the  solution  is  heated  imtil  the  picric  acid  is 
dissolved,  when  the  volume  is  brought  up  to  100  c.c.  by  adding  more 
water.  In  using  this  solution  to  etch  polished-steel  specimens,  it  is 
brought  to  boiling  in  a  beaker  on  a  hot  plate,  the  specimen  is  immersed 
in  the  solution,  and  boiling  is  continued  for  10  min.  Then  the  specimen 
is  removed,  washed,  and  dried.  The  polished  and  etched  surface  may  be 
wiped  dry  with  chamois  skin  without  affecting  the  results.     If  the  speci- 


FiQ.  10. — Unbtchbd.  Fig.  11.— Etched. 

Polished  Section  of  a  Steel  Casting  which  Cracked  while  Hot.     X  130. 

men  contains  cracks,  this  wiping  is  necessary,  and  repeated  washing  and 
drying  may  also  be  necessary,  to  remove  the  last  traces  of  the  sodium 
picrate  from  the  surface  to  be  examined.  The  solution  may  be  used 
many  times,  but  as  the  boiling  makes  it  more  concentrated  water  should 
be  added  occasionally  to  keep  the  volume  about  100  c.c. 

Before  closing,  some  illustrations  will  be  given  of  the  practical  use  of 
this  method  for  distinguishing  oxides  from  sulphides.  Fig.  10  shows  a 
polished  section  of  a  steel  casting  which  cracked  while  hot  and  in  which 
the  presence  of  oxides  might  therefore  be  expected.  An  experienced  eye 
could  perhaps  tell  which  of  these  inclusions  are  sulphides  and  which  are 
oxides,  but  the  distinction  at  best  would  not  be  convincing.  After  etch- 
ing by  the  method  described  above,  however,  the  difference  between  the 
two  kinds  of  inclusions  becomes  evident,  as  shown  in  Fig.  11.  The  ar- 
rangement of  these  sulphides  is  noteworthy,  as  a  network  is  strongly 
suggested,  and  by  this  method  of  etching  it  can  easily  be  shown  that  the 
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small  inclusions  often  found  in  a  network  arrangement  in  the  f eirite  of 
well-deoxidized  steel  castings  are  merely  finely  divided  sulphides.  An 
instance  of  such  inclusions  was  described  by  Dr.  Henry  Fay  in  a  paper 
on  Some  Causes  of  Failures  in  Metals,'  and  well  illustrated  by  his  Figs. 
16  and  17  on  page  450.  These  are  said  to  be  "  slag  "  by  Dr.  Fay,  but  their 
appearance  is  exactly  similar  to  numerous  occurrences  of  sulphides  which 
have  come  to  the  writer's  attention. 

A  large  complex  slag  inclusion,  also  in  a  cracked  steel  casting,  is  shown 
unetched  in  Fig.  12.  The  light-colored  rough-looking  part  9f  this  inclu- 
sion at  the  center  of  the  field  of  view  was  bright  yellow,  and  hence  con- 
sidered to  be  sulphide  of  iron.  The  other  Ught-gray  portions,  including 
the  spdts  in  the  dark-gray  part,  were  supposed  at  first  to  be  manganese 
sulphide,  and  the  darker  part,  manganese  silicate.  But  when  etched 
with  boiUng  alkaline  sodium  picrate,  only  the  yellow  constituent  was 


Fig.  12. — Unetched.  Fig.  13. — Etched. 

Large  Complex  Slag  Inclusion  in  a  Cracked  Steel  Casting.     X  130. 

attacked,  showing  that  it  alone  was  sulphide,  and  the  light-gray  constitu- 
ent was  oxide  instead  of  manganese  sulphide.  The  appearance  after 
etching  is  shown  in  Fig.  13. 

A  section  cut  from  a  bar  of  "ingot  iron"  that  was  red-short  and 
cracked  in  rolling  is  shown  in  Fig.  14,  taken  before  etching.  Most  of  the 
inclusions  found  here  were  light  gray  in  color,  but  many  of  them  had 
yellow  parts  attached  to  them  at  one  or  both  ends.  The  yellow  sub- 
stance, which  is  very  rarely  seen  in  steel,  was  taken  to  be  sulphide  of  iron, 
and  the  gray  inclusions  were  at  first  supposed  to  be  manganese  sulphide. 
But  the  manganese  content  of  this  ingot  iron  was  foimd  to  be  very  low, 
and  the  sulphur  also  was  not  high  enough  to  allow  the  presence  of  so 
many  sulphides.  Consequently,  it  was  doubtful  whether  these  gray  in- 
clusions were  sulphides  or  oxides,  imtil  the  sample  was  etched  with  the 
boiUng  alkaline  sodium  picrate  solution,  when  it  was  apparent  at  once 

*Proceeding9  of  the  American  Society  for  Teeting  MateriaU,  vol.  11,  p.  439  (1911). 
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that  they  were  oxideS;  and  only  the  yellow  substance  was  sulphide.  The 
inclusions  of  Fig.  14  are  shown  after  etching  in  Fig.  15,  where  the  dis- 
tinction between  oxide  and  sulphide  is  very  plain.  One  of  the  largest 
particles  of  the  yellow  constituent  was  noticed,  before  etching,  to  have 


Fig.  14. — Unbtchbd.  Fig.  15. — Etched. 

Section  Cut  from  a  Bar  of  ''Ingot  Iron"  that  was  Red-short  and  Cracked  in  Rolling. 

X130. 

a  spotted  appearance,  and  when  examined  under  high  magnification  it 
was  seen  to  be  full  of  very  fine  gray  spots.  This  is  evidently  a  eutectic 
of  iron  oxide  and  iron  sulphide.     It  is  shown  in  Fig.  16,  magnified  570 


Fig.  16. — Unbtchbd.  Fig.  17. — Etchbd.^ 

One  of  the  Large  Inclusions  in  Fig.  14.     X  570. 

diameters,  the  large  unspotted  dark-gray  areas,  with  the  black  pits  due 
to  fractiu'e  in  polishing,  being  oxide,  and  the  spotted  area  being  the  eutec* 
tic.  The  oxide  is  here  seen  to  be  darker  than  the  sulphide.  Fig.  17 
shows  this  same  spot  after  a  short  etching  with  boiling  alkaline  sodium 
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picrate,  and  it  is  apparent  that  the  eutectic,  but  not  the  oxide,  has  been 
attacked,  for  the  former  is  now  darker  than  the  latter,  and  its  structure 
is  blurred  and  indistinct. 

These  notes  are  presented  in  the  hope  that  the  simple  method  here 
described  will  appeal  to  metallographists  in  general  as  being  worthy  of 
trial  in  cases  where  the  identity  of  light-gray  inclusions  in  steel  is  in  ques- 
tion, so  that  in  futiu'e  sulphides  need  not  be  called  ''slag*'  and  the  error 
of  calling  oxide  or  scale  inclusions  "manganese  sulphide"  merely  because 
their  color  is  light  gray  may  also  be  avoided. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  praferabl/  be  preMntMl  ia  ptfioii  at  the 
..  jw  York  mooting,  Fobruwy.  1017,  whon  an  obotraot  of  tho  paper  will  do  read.  If  this  is  impossible 
then  disenssion  in  writing  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers,  SO  West 


80th  Street.  New  York,  N.  Y.,  for  prcsenUtion  by  the  Secretary  or  other  reprceentatiTO  of  ite  author. 
Unless  special  arrangement  Is  made,  the  discussion  of  this  paper  will  eloee  Apr.  1, 1017.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


On  Grain  Growth 

BY  HBNRY  M.  HOWB,  LL.D.y*  BBDFOBD  HILLS,   N.  Y. 
CNew  York  Meeting^  February.  1017) 

The  brilliant  and  very  original  matter  in  Professor  Jeffries'  discussionf 
should  rank  not  only  as  an  independent  paper,  but  as  a  most  important 
one.  In  particular,  the  explanation  which  it  gives  of  the  remarkable 
Sauveur  phenomenon,  over  which  so  many  of  us  have  puzzled  long  and 
hard,  is  so  clear,  complete,  and  cogent  as  to  go  far  toward  establishing 
Professor  Jeffries'  hypothesis.  The  very  features  of  Professor  Sauveur's 
photographs  which  fit  this  hypothesis  so  exactly  are  reproduced  in  Chap- 
pell's  photographs  of  steel  coarsened  under  somewhat  different  condi- 
tions.^ 

The  ideas  developed  by  these  discoveries  are  so  novel  that  conven- 
ience of  language  seems  to  call  for  new  conventional  terms  for  expressing 
them.  In  what  follows  here  I  propose  certain  terms  for  this  end,  for 
criticism  and  improvement,  and  I  attempt  to  generalize  from  Professor 
Jeffries'  hypotheses. 

Generally  speaking,  a  given  set  of  grains  which  imdergo  no  growth  in 
the  cold  will,  when  the  temperature  is  raised  progressively,  start  to  grow 
on  reaching  a  certain  temperature,  and  will  continue  growing  at  all 
higher  temperatures. 

The  ''germinative"  temperature  is  that  at  which  growth  begins,  quite 
as  the  conditions  which  cause  a  seed  to  grow  are  ''germinative."  We 
have  then  an  inert  temperature  range  below  the  gernunative  temperature, 
and  a  growth  range  above  it,  the  germinative  temperature  being  the  limit 
between  these  two  ranges.  So,  too,  a  germinant  grain  is  one  which  is  at 
its  germinative  temperature,  and  hence  beginning  to  grow,  while  inert 
grains  are  those  below  their  own  germinative  temperature,  and  the  term 
''growing  grains"  includes  those  which  are  germinant  and  those  which 
are  above  their  germinative  temperature.  These  last  could  be  called 
^'supergerminaDt"  if  the  distioction  should  be  needed. 

"Germinative  temperature"  seems  better  than  "critical  temperature 

*  Emeritus  Professor  of  Metallurgy,  Columbia  University. 

tOf  the  paper  of  C.  H.  Mathewson  and  Arthur  Phillips,  BvUetin  No.  113, 
p.  987  (May,  1916). 

^Journal  of  the  Iron  and  Steel  IrutiiiUe,  1914,  Pt.  I,  Plates  46  and  47,  following 
p.  406. 
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for  grain  growth"  and  ''equiaxing  temperature/'  first  because  ''critical" 
has  been  so  much  overworked  and  suggests  neither  critically  fast  nor 
critically  slow  growth,  and  second  because  a  germinative  temperature  is 
what  the  hypothesis  postulates,  and  because  the  further  hypothesis  that 
this  coincides  with  the  equiaxing  temperature  is  only  an  inference  and  for 
the  present  purpose  an  imnecessary  one.  Indeed,  Professor  Jeffries'  in- 
forms me  that  he  has  foimd  cases  in  which  the  germinative  temperature  is 
far  above  that  of  equiaxing. 

When  only  a  limited  part  of  the  metal  is  at  its  germinative  tempera- 
ture, this  becomes  a  '' fast-growth"  temperatiu'e,  because  the  germinant 
grains  feed  unopposed  on  the  inert»ones  against  which  they  abut. 

The  late  residts  of  White  and  Wood'  tend  to  compUcate  our  ideas, 
for  they  indicate  that  germinance  depends  not  alone  on  temperature  but 
also  on  time,  so  that  germination  may  occur  on  a  long  exposure  to  a 
temperature  at  which  none  can  be  detected  after  a  shorter  exposure. 
This  indeed  agrees  better  with  our  general  knowledge  of  "aging."  In 
this  view  inertness  is  not  absolute  but  only  relative. 

Grain  growth,  that  is  the  absorption  of  certain  grains  by  certain  others, 
is  favored,  and  the  germinative  temperature  is  consequently  lowered,  {A\ 
by  grain  fineness,  (B)  by  grain-size  contrast,  and  (C)  by  prior  plastic 
deformation. 

(A)  Orain  fineness  favors  grain  growth  because  it  implies  extensive 
grain  boimdary  surface  at  which  alone  can  absorption  occur.  To  vary 
the  angle  slightly,  a  growth  which  doubles  the  size  of  extremely  fine 
grains  means  only  that  each  alternate  very  fine  grain  absorbs  its  adjoining 
still  smaller  neighbor,  a  much  faster  process  than  the  absorption  of  one 
enormous  grain  by  its  even  greater  neighbor,  faster  whether  we  hold  that 
the  whole  of  a  given  grain  is  absorbed  simultaneously,  or,  as  seems  more 
probable,  that  the  swallowing  is  gradual,  as  for  instance  by  some  kind  of 
boundary  migration. 

(B)  Orain^ze  contrast,  that  is  the  difference  in  size  between  adjoining 
grains,  favors  grain  growth  because  the  absorptive  and  the  resistant 
powers  of  a  grain  increase  with  its  size,  so  that,  when  there  is  great  grain- 
size  contrast,  growth  is  favored  jointly  by  the  great  absorptive  power  of 
the  larger  grains  and  by  the  weak  resistance  of  the  smaller  ones. 

(C)  Plastic  deformation  or  overstrain  favors  grain  growth,  perhaps  by 
leading  to  fineness  of  grain  and  to  grain-size  contrast.  The  fact  that  the 
germinative  temperature  is  the  lower  the  greater  the  deformation  has 
been  tallies  with  the  former  explanation,  because  increasing  deformation 
would  naturally  lead  to  finer  grain  size.  It  may  also  increase  the  grain- 
size  contrast.    But  the  fact  that  grain  growth  will  not  occur  at  all  unless 

*  Private  communication,  June  24,  1016. 

'  Recrystallisation  as  a  Factor  in  the  Failure  of  Boiler  Tubes,  Proceedings  cf  Un 
American  Society  for  TeUirhg  Materials^  zvi,  1910,  to  appear. 
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there  has  been  plastic  deformation  suggests  that  some  additional  cause 
applies  here. 

(Z>)  Grain  growth  occurs  the  more  readily  the  higher  the  temperature, 
and  the  greater  consequently  the  mobiUty. 

Grain  growth  is  opposed,  and  consequently  the  germinative  tempera- 
ture is  raised,  by: 

(JE)  Obstructions,  such  as  cementite,  slag,  and  other  sonims  in  iron, 
and  thorium  oxide  in  timgsten;  and  by 

(F)  Grain-size  equalization,  or  the  decrease  of  grain  size  contrast. 

The  rate  of  growth  increases: 

(6)  With  the  di£ference  in  absorptive  power  between  adjoining 
grains,  whether  this  is  due  to  a  di£ference  in  their: 

(H)  Temperature;  or  in  their 

(J)    Size,  that  is  to  grain-size  contrast;  or  in  their 

(2Q  Prior  plastic  deformation.    It  fiuther  increases: 

(L)    With  the  temperatiu'e; 

(M)  With  the  initial  grain  fineness;  and 

(JV)  With  the  prior  plastic  deformation. 

(P)  The  rate  of  growth  decreases  as  the  grain  size  increases,  because 
this  increase  impUes  a  corresponding  decrease  in  the  extent  of  grain 
boundary  surface. 

The  very  fastest  growth  seems,  from  Professor  Jeffries'  results,  to  be 
due  to  (H),  which  is  thus  an  extremely  strong  influence.  From  the  fact 
that  low  temperatiu'e,  if  it  does  not  arrest  growth,  at  least  retards  it  very 
greatly,  we  must  admit  that  (L),  too,  has  great  influence.  Further  light 
on  the  strength  of  (J),  grain-size  contrast,  is  needed.  Whether  exact 
identity  of  grain  size  would  arrest  growth  completely  if  the  temperatiure 
and  the  degree  of  plastic  deformation  were  identical,  seems  hardly 
capable  of  proof,  because  that  identity  can  never  be  attained*   - 

The  reported  cases  of  grain-size  equilibrium,  in  which  growth  is  re- 
ported to  cease,  seem  to  me  more  easily  explained  as  resulting  from  (P) 
the  progressive  decrease  in  the  extent  of  grain  boundary,  and  from  (J)  a 
progressive  lessening  of  the  grain-size  contrast  as  the  smaller  grains  are 
eliminated  successively,  and  a  progressively  smaller  number  of  larger 
ones  remains.  From  this  point  of  view  the  apparent  arrests  of  grain 
growth  and  the  cases  of  so-called  "grain-size  equilibrium"  are  to  be  re- 
garded as  only  retardations,  however  marked  these  may  be. 

Grain  growth  may  be  divided  into  the  normal  and  the  exaggerated. 
In  most  industrial  heatings  there  is  normal  grain  growth,  that  is  to  say 
a  coarsening  which  is  leisurely  unless  the  temperature  approaches  the 
melting  point.  In  strong  contrast  to  this  is  the  exaggerated  growth 
noted  by  Stead,  Carpenter,  Sauveur,  Ruder,  Chappell,  and  Jeffries,  which 
may  be  extremely  rapid  and  may  lead  to  extreme  coarseness. 

If  we  leave  out  of  consideration  temperatures  approaching  the  melting 

7 

Digitized  by  VjOOQIC 


2114  ON  GRAIK  OBOWTH 

point,  exaggerated  grain  growth  seems  to  occur  only  at  the  contact  of 
germinant  and  inert  grains.  Thus  in  Jeffries'  experiments  accelerate 
coarsening  occurs  only  and  always  in  case  the  mass  is  held  under  a  cur- 
rent of  such  a  strength  as  to  bring  only  part  of  it  to  the  germinatiye 
temperature,  the  outer  and  colder  parts  being  inert  because  below  this 
temperature.  Here  growth  occurs  at  the  germinant  internal  surface,  tiie 
germinant  grains  feeding  on  the  colder  inert  ones  next  outside  them,  thus 
increasing  in  size  and  thus  creating  a  grainnaise  contrast,  which  according 
to  Principle  (A),  enables  them  to  feed  on  the  still  more  inert  grains  still 
nearer  the  outside,  and  also  to  begin  feeding  on  the  neighboring  grains 
nearer  the  axis,  which,  though  growing  because  they  are  in  the  growth 
range  of  temperature,  are  growing  more  slowly  because  the  grains  on 
which  they  are  feeding  are  themselves  active,  and  thus  offer  more  resist- 
ance to  absorption  than  the  inert  grains  against  which  the  grains  in  the 
germinant  layer  abut. 

Turning  from  this  case,  in  which  the  contact  of  germinant  and  inert 
grains  is  brought  about  by  the  existence  of  a  progressive  change  in  tem- 
perature from  shell  to  axis,  we  have  the  Sauveur  cases  in  which  it  is  due 
to  a  variation  in  the  degree  of  plastic  deformation  which  the  different 
layers  have  undergone.  When  a  piece  which  has  been  bent  or  has  re- 
ceived a  Brinell  impression  is  next  heated  to  a  temperature  which  is  at 
or  above  the  germinative  temperature  of  the  most  deformed  layers,  the 
germinative  temperature  of  some  one  layer,  or  in  case  of  a  bent  bar  of 
some  two  layers  about  equidistant  from  the  neutral  axis,  will  equal  this 
existing  temperature.  This  layer  and  all  the  more  deformed  ones  will 
begin  growing,  but  the  germinant  layer  will  grow  faster  than  the  others, 
because  it  feeds  on  the  inert  because  less  deformed  layers  V^de  it. 

A  probably  more  accurate  statement  is  that  exaggerated  growth  oc- 
curs where  there  is  a  sharp  increase  of  inertness  from  layer  to  lay^. 
Here  the  grains  of  a  certain  layer  are  so  much  more  active  than  the  more 
inert  ones  in  the  adjoining  layer  against  which  they  abut  that  they  have 
a  marked  advantage  as  regards  germinative  power.  The  lead  which  this 
advantage  gives  them  increases  progressively  as  growth  proceeds. 

The  experience  of  the  wire-drawers,  that  though  annealing  often 
causes  marked  coarsening  after  the  slight  deformation  of  the  wir^-straight- 
ening  process,  it  does  not  after  the  extreme  deformation  of  industrial 
wire-drawing,  conforms  exactly  with  Professor  Jeffries'  h3rpothesis. 

Here  we  may  suppose  that,  after  wire-drawing,  the  temperature  is  so 
low  that  in  the  early  stages  of  the  heating  up  it  is  passed  through  too 
rapidly  to  permit  appreciable  grain  growth  at  this  relatively  low  tempera- 
ture, whereas  after  the  slight  deformation  of  straightening  the  germina- 
tive temperature  may  weU  lie  at  the  relatively  high  temperature  of 
annealing,  at  which  first  the  sojourn  is  long,  and  second  the  rapidity  of 
growth  is  relatively  great.    The  reason  why  extremely  slight  deforma- 
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tions  do  not  lead  to  coarsening  on  annealing  is  that  the  position  of  the 
germinative  temperature  which  they  determine  is  so  high  that  it  is  not 
reached  in  annealing,  if  indeed  it  does  not  approach  closely  the  melting 
point  of  the  metal. 

When  a  principle  explains  so  much,  the  existence  of  certain  things 
which  it  does  not  explain  argues,  not  against  its  truth,  but  for  the  exist- 
ence of  additional  principles  not  yet  discovered.  The  two  difEiculties 
which  I  now  raise  should  be  taken  in  this  sense. 

My  first  difficulty  concerns  the  Sauveur  specimen  of  Professor  Jeffries' 
Fig.  2,  Professor  Sauveur's  Mg.  30.  In  this  long  stay  at  the  germinative 
temperature  of  the  outer  parts  of  the  coarsened  bands,  the  grains  in 
these  bands  should  have  fed  to  an  important  degree  on  the  inert  fine- 
grained core,  and  their  resultant  growth,  proceeding  as  it  should  at 
right  angles  to  the  contact  between  the  fast-growing  band  and  the  cen- 
tral core,  should  have  developed  columnar  grains.  Yet  in  fact  the  grains 
look  equiaxed.  On  the  other  hand,  such  a  colunmar  arrangement  is 
prominent  in  the  Chappell  specimen  just  referred  to. 

My  second  difficulty  is  that  this  five-banded  arrangement,  with  two 
outer  bands  of  intermediate  coarseness  and  a  central  fine  one,  should 
be  the  rule  and  not  the  exception,  and  should  not  have  passed  undetected 
the  vigilant  scrutiny  of  so  many  observers,  for  the  coarsening  is  easily 
visible  to  the  naked  eye,  and  should  not  have  had  to  wait  till  1912  for  its 
discovery.  Thus  the  Sauveur  coarsening  is  lacking  in  so  large  a  propor- 
tion of  cases  as  to  suggest  that  it  is  held  in  check  by  one  or  more  additional 
principles.  I  suggest  the  obstructing  effect  of  foreign  bodies  as  a  possible 
explanation  of  one  set  of  cases  in  which  coarsening  is  lacking,  a  set  illus- 
trated by  Professor  Sauveur's  finding  that  marked  coarsening  does  not 
occur  unless  the  carbon  content  is  between  0.04  and  0.12,  and  that  it 
occurs  most  readily  when  the  carbon  content  is  between  0.05  and  0.07 
per  cent.* 

The  presence  of  0.12  per  cent,  of  carbon,  implying  that  of  13  per  cent. 
of  pearlite,  might  well  offer  enough  mechanical  obstruction  to  prevent 
coarsening,  for  each  pearlite  mass  would  act  as  a  wholly  foreign  body  to 
bar  the  union  of  the  two  grains  between  which  it  lies.  Even  as  little  as 
0.07  per  cent,  of  carbon,  implying  the  presence  of  about  8  per  cent,  of 
pearlite,  might  have  an  important  obstructive  effect.  On  the  other  hand, 
when  the  carbon  content  is  less  than  0.04  or  0.05  per  cent.,  there  may  weU 
be  enough  iron  oxide  or  minute  gas  bubbles  to  offer  serious  obstruction. 
Here  we  should  remember  Benedicks'*  discovery  that  though  the  specific 
voliune  of  his  steels  was  strictly  proportional  to  the  carbon  content  be- 
tween the  limits  of  0.45  and  1.20  per  cent.,  that  of  his  iron  with  0.08  per 

*  H.  M.  Howe:  The  Metallography  of  Sted  and  Cast  Iron,  p.  3G3  (1916). 

*  Carl  Benedicks:  Recherches  physiques  et  physico-chimiques  sur  Tacier  au  car- 
bone,  pp.  2,  30  and  36,  Paris,  1004. 
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cent,  of  carbon  and  0.03  per  cent,  of  silicon  was  abnonnaUy  great.  It  is 
true  that  this  last  was  wrought  iron,  and  hence  that  its  specific  volume 
would  be  made  abnormally  great  by  the  presence  of  slag.  But  with  only 
0.03  per  cent,  of  silicon  the  slag  content  should  be  extremely  small,  prob- 
ably not  more  than  0.20  per  cent.,  and  hence  insufficient  to  explain  the 
surprisingly  small  density,  which  I  refer  therefore  to  the  presence  of  min- 
ute gas  cavities  so  often  present  when  the  carbon  content  is  so  small. 

This  brings  us  to  a  hitherto  imsuspected  element  of  fitness  for  man's 
needs  which  iron  has,  that  the  coarsening  of  its  ferrite  is  limited  to  tem- 
peratures so  far  below  the  melting  point  as  to  give  great  viscosity,  and 
hence  to  restrict  the  coarsening  tendency.  On  rising  past  Acl,  the  8  per 
cent,  of  pearlite  which  we  have  just  considered  turns  into  8  per  cent,  of 
austenite,  and  this  increases  very  rapidly  in  quantity,  till  at  Ac3  it  forms 
the  whole.  As  it  increases  in  quantity  it  forms  a  more  and  more  complete 
obstacle  to  the  coarsening  of  the  ferrite  with  which  it  is  now  associated, 
so  that  in  fact  the  coarsening  of  ferrite,  even  in  lower-carbon  steels,  is 
probably  confined  to  temperatures  below  800^,  and  thus  many  hundred 
degrees  below  the  solidus,  and  hence  corresponding  to  great  viscosity. 

Moreover,  we  may  suspect  that  at  Ac2  the  change  from  alpha  to 
beta  ferrite,  which  Burgess  and  Scott*  seem  now  to  have  established 
clearly,  will  break  up  any  coarsening  which  has  occurred  in  the  alpha 
ferrite  below  this  temperature.  This,  if  true,  would  confine  the  coarsen- 
ing range  to  below  768^. 

These  considerations  lead  us  to  expect  to  find  iron  less  subject  to 
coarsening  than  most  metals. 

It  is  true  that  Professor  Jeffries'  hypothesis  explains  satisfactorily  and 
without  needing  this  obstruction  principle  certain  other  cases  of  unex- 
pected failure  to  coarsen,  for  instance  that  of  my  tapered  bar  of  steel  of 
about  0.01  per  cent,  of  carbon  from  the  American  Rolling  Mill  Co.  This. 
after  straining  with  tensile  stresses  varying  from  40,640  to  49,000  lb*  per 
square  inch,  failed  to  coarsen  noticeably  in  a  22-hr.  exposure  to  680**. 
Because  the  yield  point  of  this  steel  is  only  about  20,000  lb.  per  square 
inch,  even  the  least  of  my  stresses  may  well  have  caused  a  degree  of 
deformation  so  great  that  the  corresponding  germinative  temperature 
was  far  below  680°,  so  that,  in  heating  up  to  680°,  the  germinative  tem- 
perature of  each  of  the  various  parts  was  passed  through  too  rapidly  to 
lead  to  material  coarsening. 

Yet  this  explanation  hardly  applies  to  Professor  Sauveur's  failure  to 
coarsen  his  bent  specimen  in  a  7-hr.  exposure  to  650°  in  case  the  carbon 
content  is  less  than  0.04  per  cent.,  for  here  there  should  be  layers  near 
the  neutral  axis  in  which  the  plastic  deformation  should  vary  progress- 
ively from  nil  to  far  above  that  for  which  the  germinative  temperature 
is  650°.     Somewhere  in  this  progressive  series  there  should  be  a  layer  with 

«  Comptea  Rendus,  voL  1^,  No.  2,  p.  30  (July  10, 1916). 
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the  deformation  for  which  650^  is  the  germinative  temperature,  and  this 
layer  should  have  coarsened  at  the  expense  of  its  less  strained  neighbors 
nearer  the  neutral  axis.  But  here  the  failure  to  coarsen  may  be  explained 
by  the  suspected  presence  of  gas  bubbles,  to  which  such  low-carbon  steel 
is  so  subject. 

The  important  discovery  that,  though  long  heating  at  a  low  tempera- 
ture might  cause  great  coarsening,  yet  a  quick  passage  up  to  a  high 
temperature  might  prevent  it,  was  communicated  to  me  by  Professor 
Jeffries  on  July  1,  1915,  and  is  recorded,  together  with  most  of  the  in- 
formation on  which  his  present  remarks  are  based,  in  a  report  of  his 
which  I  have  read,  dated  May  14,  1916. 

Turning  to  Professor  Jeffries'  contention^  that  uniformity  of  etching 
tint  is  not  valid  evidence  of  uniformity  of  orientation  within  any  given 
grain,  though  he  would  be  right  if  he  confined  himself  to  saying 
that  the  retention  of  a  uniform  etching  tint  by  a  single  grain  is  not  proof 
positive  of  uniformity  of  orientation  throughout,  yet  when  each  of  many 
grains  in  a  single  field  retains  a  uniform  etching  tint  which  differs  from 
that  of  its  neighbors,  the  inference  is  irresistible  that  there  is  a  far  greater 
approach  to  uniformity  of  orientation  within  each  grain  than  between 
adjoining  grains.  The  fact  that  certain  specific  rotations  need  not  alter 
the  brightness  of  the  reflection  is  beside  the, mark.  What  is  important 
is  that  the  great  majority  of  random  rotations  will  alter  it. 

The  irregularity  of  the  slip  bands  and  X  bands,  in  the  absence  of  cor- 
responding irregularity  of  etching  tint,  is  explained  more  readily  as  repre- 
senting the  effort  of  slip  to  integrate  into  a  line  parallel  to  the  major 
stress,  by  stepping  back  and  forth  from  one  to  another  of  two  or  more 
sets  of  conjugate  slip  planes,  than  as  representing  irregularity  of  orienta- 
tion. The  fact  that  this  irregularity  of  the  slip  bands,  from  being  negli- 
gible in  the  first  stage  of  deformation,  increases  as  deformation  proceeds, 
accords  with  my  interpretation,  for  whereas  increasing  deformation  does 
not  cause  any  corresponding  irregularity  of  etching  tint,  it  ought  to  facili- 
tate this  change  from  set  to  set  of  planes,  by  increasing  both  the  frequency 
and  the  thickness  of  the  amorphous  sheaths  surrounding  the  residual 
crystaUine  blocklets,  of  which  the  crystallographic  slip  planes  are  the 
paths  of  that  slip.  For  whatever  tendency  slip  has  to  persist  along  a  given 
plane  as  long  as  it  is  passing  through  crystalline  matter  is  clearly  lessened 
when  that  slip  comes  to  the  amorphous  sheath  which  parts  each  crystal- 
line grain-fragment  from  the  next.'  The  regularity  of  the  etching  pits 
in  each  grain  even  after  extreme  plastic  deformation  and  the  sharp  change 
in  their  direction  from  grain  to  grain  are  very  cogent  evidence  of  the  re- 
tention of  substantial  uniformity  of  orientation  during  deformation.* 

'  BuUetin  No.  113.  p.  987  (May,  1916). 

■Howe:  The  Metallography  of  Steel  and  Cast  Iron,  pp.  316,  483. 

•Op.  c«.,  pp.  287,  485. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  RBVISIOy] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  praferRbly  be  preMotad  in  p«non  ftt  the 
New  York  meetins,  FebniAry,  1917,  when  an  abetraot  of  tbe  paper  will  be  read.  If  this  is  impossible, 
iben  disoussion  in  wriUng  may  be  sent  to  the  Editor.  American  Institute  of  Mining  Engineers,  20  West 
89th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  th»  discussion  of  tliis  paper  will  close  Apr.  1, 1917.  Any  discussion 
offered  thereafter  shoiUd  preferably  be  in  the  form  of  a  new  paper. 


The  Geology  of  fhe  Bawdwin*  MineSi  Bunna,  Asia 

BT  M.   H.   LOYBliAK,  BAWDWIN,  BURMA,   ASIA 
(New  York  Meeting,  February,  1917) 

The  orebody  described  below  has  been  rediscovered  and  developed 
within  the  last  3  years.  It  has,  however,  been  known  and  worked  by  the 
Chinese  for  hundreds  of.  years.  When  assay  values  and  size  are  con- 
sidered, it  contains  what  is  probably  one  of  the  largest  single  bodies  of 
zinc  and  lead  sulphides  yet  found.  The  tonnages  developed  at  other 
places,  as  at  Broken  Hill,  are  much  greater  but  the  average  zinc  and  lead 
sulphide  contents  are  considerably  lower  than  at  Bawdwin. 

Bawdwin  is  situated  in  the  semi-independent  .State  of  Tawng  Peng, 
one  of  the  numerous  units  which  make  up  the  Northern  Shan  States. 
These  States  are  under  British  rule  and  are  generally  considered  as  a 
portion  of  Burma.  They  are  governed  as  a  separate  administrative 
unit,  however,  under  the  Lieutenant  Governor  of  Burma.  Each  State  is 
under  its  own  chief,  or  Sawbwa,  who  has  considerable  power  over  his 
own  subjects. 

Bawdwin  is  approximately  in  latitude  N  2Z%',  longitude  E  97**20', 
about  50  miles  south  of  the  nearest  point  on  the  Chinese  border  and  450 
miles  north  of  Rangoon  (Fig.  1).  The  period  at  which  mining  was  first 
begun  at  Bawdwin  is  unknown.  The  most  reUable  records  have  been 
obtained  by  deciphering  local  Chinese  inscriptions  and  from  these  it  is 
concluded  that  the  work  dates  back  to  at  least  the  beginning  of  the  15th 
century.  The  first  undoubted  reference  to  the  mines  by  a  European  is 
by  Symes  in  1795.  Crawford  in  1827  estimated  the  output  of  silver  from 
the  mines  at  $600,000  annually.  At  about  the  middle  of  the  19th  cen- 
tury the  rebellion  of  the  Chinese  Mohammedans  in  the  neighboring 
Chinese  province  of  Yunnan  so  weakened  the  power  of  the  Chinese  that 
the  incursions  of  hostile  tribes  (Eachins)  made  work  extremely  dangerous. 
The  mines  were  finally  abandoned  by  the  Chinese  about  1868.  The 
closing  down  of  the  mines  was  probably  not  entirely  due  to  outside  causes 
but  may  have  been  influenced  somewhat  by  the  increasing  difficulty  of 
handling  the  water,  as  the  workings  gradually  descended  below  the  water 
level  of  the  district.  Several  attempts  were  made  by  the  Burmese  kings, 
Mindon  Min  and  Thebaw,  to  resume  operations,  but  because  of  a 

*  Bawdwin — from  Burmese:  baw  «■  silver  and  dwin  «■  well  or  mine. 
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Fio.  1. — Map  of  Burma  Showing  thb  Location  of  Bawdwin  Mikbs. 
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combination  of  diseases  and  lack  of  mining  skill  such  efforts  proved 
unsuccessful. 

During  the  course  of  the  long  occupation  by  the  Chinese  an  immense 
amount  of  work  was  done  and  the  amount  of  rock  removed  would  cer- 
tainly total  well  over  1,000,000  tons.  The  attention  of  Europeans  was 
first  attracted  in  1901  by  the  extensive  slag  dumps  which  lined  the  valley 
for  a  considerable  distance  north  and  south  of  the  mine  workings.  During 
the  removal  of  the  slag,  prospecting  work  was  started  on  the  orebodies 
themselves.  The  multitude  of  Chinese  workings  proved  a  drawback 
rather  than  a  help  as  they  were  the  cause  of  impounding  great  bodies  of 
standing  water  which  made  the  reopening  of  the  mine  a  dangerous  under- 
taking. It  is  only  within  the  last  3  years  that  this  difficulty  has  been 
overcome  and  the  orebodies  have  been  developed. 

Topography 

The  State  of  Tawng  Peng  is  extremely  rugged  and  covered  with  a 
fairly  dense  jungle  over  its  entire  area.  The  present  drainage  has  now 
produced  the  maximimi  of  relief  and  further  erosion  without  elevation  of 
the  land  will  tend  toward  a  reduction  in  the  inequalities.  The  ruggedness 
is  intensified  by  the  folding  and  possibly  to  some  extent  by  faulting.  The 
only  cleared  spots  are  the  paddy  fields  along  some  of  the  stream  bottoms 
and  occasional  small  hillside  farms.  The  inhabitants,  Shans,  Palaungs 
and  Kachins,  live  in  small  villages  of  from  10  or  20  people  to  a  few  hun- 
dred. There  is  very  little  commingling  of  the  different  races.  The  Shan 
settlements  are  in  the  river  bottoms;  the  Palaungs  and  the  Kachins  gener- 
ally live  well  up  the  hillsides  or  along  the  high  ridges.  All  communication 
is  by  mule  tracks  and  footpaths  which  generally  run  along  the  ridges  and 
descend  to  the  valleys  only  for  short  stretches.  All  travel  is  done  either 
on  foot  or  by  mules.    Small  Shan  ponies  are  occasionally  used. 

The  seasons  are  divided  into  a  rainy  and  a  dry  period.  The  rains 
extend  from  the  end  of  May  to  the  beginning  of  November;  the  dry  sea- 
son embraces  the  balance  of  the  year.  The  amount  of  rain  is  not  excess- 
ive. It  averages  approximately  65  in.  The  months  just  preceding  the 
beginning  of  the  rains  are  hot  and  sultry;  but  in  January  and  February 
the  temperature  drops  to  a  point  where  fires  become  almost  a  necessity. 

General  Geology 

The  rocks  of  Tawng  Peng  are  entirely  of  the  pre-Cambrian  and  Pal- 
eozoic eras.  The  youngest  strata  belong  to  the  Carboniferous  period. 
The  western  and  central  portions  of  the  State  are  mainly  composed  of 
mica  schists  and  of  severely  folded,  unfossiliferous  shales  and  quartz- 
ites.  There  are  also  some  fairly  extensive  granite  intrusions  of  an  un- 
determined age.     These  rocks  are  followed  unconformably  by  Ordovi- 
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cian  sediments  and  are  themselves  therefore  either  Cambrian  or  pre- 
Cambrian  in  age.  This  series  of  rocks  formed  an  ancient  land  surface 
along  the  eastern  shore  of  which  Paleozoic  sediments  were  laid  down. 
The  sequence  from  the  unfossiliferous  basement  to  the  Ordovician  series 
is  not  an  invariable  one.  Silurian  sandstones  are  often  found  directly 
upon  the  unfossiliferous  series.  Their  presence  in  this  relation  is  ac- 
counted for  either  by  faulting  or  overlap.  At  a  few  points  along  the  bor- 
ders of  the  pre-Ordovician  rocks  are  f  oimd  small  exposures  of  rhyolite,  tuSs, 
breccias  and  flows.  The  most  important  of  these  rhyolite  bodies  is  that 
at  Bawdwin.  Overljring  the  rhyolites  at  Bawdwin,  and  probably  con- 
formably; is  a  great  thickness  of  unfossiliferous  sandstones  and  shales. 
For  the  present  their  position  must  be  placed  after  the  pre-Ordovician 
shales  and  quartzites  and  before  the  conformably  overlying  fossilif ^t>us 
Ordovician  marls  and  sandstones. 

Topography  and  Surface  Geology  of  Bawdwin 

The  topography  of  the  immediate  vicinity  of  the  mine  is  similar  to 
the  general  description  igi ven  above  for  the  State  of  Ta wng  Peng ;  extremely 
rugged,  narrow  valleys  with  precipitous  inclosing  hills.  The  hills  rise 
in  instances  to  more  than  2,000  ft.  above  the  valley  bottoms.  One 
marked  distinction,  however,  between  the  immediate  vicinity  of  Bawdwin 
and  the  remainder  of  the  surroimding  country  is  the  fact  that  the  Baw- 
dwin hills  are  absolutely  devoid  of  the  jungle  covering  so  characteristic 
of  all  the  rest  of  the  country  (Figs.  2  and  3).  The  hills  are,  however, 
covered  by  long  grass,  3  to  6  ft.  high,  which  is  largely  burnt  off  toward 
the  end  of  the  dry  season  and  springs  up  again  during  the  rains.  The 
explanation  of  the  absence  of  jungle  is  the  obvious  one  of  removal  by  the 
Chinese  for  fuel  for  smelting  and  domestic  purposes.  The  demand  for 
fuel  was  evidently  so  great  that  the  hills  were  stripped  clean  of  all  trees 
and  50  years'  desertion  has  been  able  to  effect  only  slight  reforestation. 
The  greatest  extension  of  the  cleared  area  is  to  the  northwest,  evidently 
due  to  the  fact  that  the  carry  from  that  direction  to  the  site  of  smelting 
operations  was  a  downhill  one.  The  hills  surrounding  Bawdwin  to  the 
west,  north  and  northeast  are  crowned,  by  an  elaborate  network  of  earth 
fortifications.  These  fortifications  were  undoubtedly  constructed  by 
the  Chinese  for  the  protection  of  the  mine  but  at  what  period  and  against 
whom  is  not  known. 

The  rocks  at  Bawdwin  fall  into  two  divisions:  first,  the  volcanic  rocks, 
rhyolite  tuffs,  breccias  and  flows;  and,  second,  the  overlying  and  under- 
lying unfossiliferous  sediments,  consisting  of  sandstone,  shale,  and 
occasional  conglomerate  beds,  the  last  only  in  the  overl3ring  sediments. 
No  limestone  has  been  found  in  these  sediments. 

On  the  west  section  of  the  653-ft.  level,  the  deepest  point  in  the  mine, 
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sediments  are  present.    These  are  presumably  the  imderlying  sediments, 
and  appear  to  be  unconformably  overlain  by  the  rhyolite  tuff,  although 


duB  cannot  be  definitely  stated,  as  the  only  point  where  the  contact  has 
been  observed  is  a  fault  contacts    The  rocks  are  sandstones  (practi- 
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cally  quartzites)  and  shales.  The  sandstones  are  red  to  gray  with  small 
irregular  quartz  grains  cemented  together  by  sericite.  The  shales  are 
light  gray  to  purplish  in  color,  compact  with  the  original  lamination  largely 
obscured,  although  the  bedding  on  a  large  scale  is  still  observable  in  both 
the  sandstone  and  shale. 

The  rhyolite  in  its  various  phases  forms  a  rough  band  running  north- 
west and  southeast,  but  of  irregular  outline  with  numerous  oflfshots  which 
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Fig.  4. — Gbological  Surfacb  Map  with  Cross-Sections.    Burma  Mines,  Ltd. 


are  sometimes  directly  connected  with  the  main  mass  and  sometimes 
separated  in  outcrop  by  intervening,  overlying  sediments.  The  exposure 
of  rhyolite  does  not  represent  its  actual  shape  or  extent  but  simply  shows 
that  portion  from  which  the  overlying  sediments  have  been  eroded.  The 
general  direction  of  the  rhyoUte  marks  the  axis  of  an  anticline,  from  the 
crest  and  flanks  of  which  the  sediments  have  been  removed,  exposing 
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the  underl3rmg  eruptive.  The  anticUne  plunges  both  to  the  north  and 
south  with  a  resultant  dome  formation,  having  the  main  axis  of  the  dome, 
however,  running  northwest-southeast  (Fig.  4).  This  anticline  is  the 
principal  one  of  a  series  of  folds  which  parallel  the  rhyoUte  band  on  the 
west.  The  folding  is  further  complicated  by  th6  great  amount  of  fault- 
ing which  accompanied  it.  Almost  the  entire  exposure  of  rhyolite  is  a 
tuff  with  local  areas  where  the  included  fragments  attain  sufficient  size 
to  justify  the  term  rhyolite  breccia  for  the  rock  at  that  point.  Over  a 
great  portion  of  the  area  the  pronouncement  that  the  rhyolite  is  a  tuff 
depends  entirely  on  microscopic  examination  and  even  then  the  determina- 
tion is  not  an  absolute  one.  A  rhyolite  flow  with  all  signs  of  flow  struc- 
ture obliterated  by  later  changes,  such  as  could  easily  have  taken  place 
in  a  rock  of  such  great  age  as  the  one  under  discussion,  would  be  indis- 
tinguishable from  the  tuff.  The  gradual  gradation,  however,  from  an 
undoubted  coarse-grained  tuff  to  the  fine-grained  type  strengthens  the 
belief  in  the  tuff  theory.  Other  observers  have  stated  the  presence  of 
thin  flows  of  rhyolite  among  the  tuffs  with  flow  structure  plainly  observ- 
able.   The  writer  has  up  to  the  present  been  unable  to  confirm  this. 

The  rhyolite  away  from  the  zone  of  mineralization  is  a  fairly  hard 
dense  rock.  Its  color  varies  from  light  gray  through  pink  to  a  slight 
purplish  color.  The  groundmass  is  in  excess  as  a  rule  but  occasionally 
the  phenocrysts  of  quartz  and  feldspar  become  so  abundant  as  to  comprise 
the  major  portion  of  the  rock.  The  relative  proportion  of  the  quartz 
and  feldspars  vary  considerably  in  different  specimens,  but  as  a  rule  the 
feldspars  are  in  excess.  The  phenocrysts  of  both  quartz  and  feldspar 
attain  at  times  large  dimensions,  especially  the  feldspar,  which  reaches 
an  inch  or  more,  measured  parallel  to  the  prism.  The  feldspars  are  never 
found  unaltered  but  are  generally  entirely  changed  to  some  secondary 
mineral,  in  most  cases  sericite.  Th^  change  of  the  feldspars  to  sen- 
cite  is  characteristic  of  the  rhyolite  outside  of  the  ore  channel,  while  in 
the  ore  channel  the  change  has  been  largely  to  kaolin.  The  feldspars 
are  largely  prismatic  in  form,  occasionally  tabular.  Owing  to  the  change 
to  sericite,  remarked  above,  only  the  outlines  of  the  feldspars  are  left  and 
these  in  a  good  many  cases  are  largely  obliterated.  For  the  same  reason 
the  type  of  feldspar  present  cannot  be  definitely  determined,  but  it  is 
believed  to  be  almost  universally  orthoclase.  The  feldspars  occasionaDy 
alter  partially  to  calcite  with  some  quartz  and  sericite  which  may  indi- 
cate the  presence  of  some  lime-bearing  feldspars. 

The  quartz  phenocrysts  are  idiomorphic  to  hypidiomorphic.  Em- 
bayments  due  to  the  eating  away  of  portions  of  the  crystal  by  the  liquid 
groundmass  are  conunon.  The  crystals  are  often  cracked  and  broken 
and  the  parts  separated  from  each  other.  There  are  occasional  traces  of 
what  was  possibly  a  ferromagnesian  mineral,  probably  an  amphibole. 

The  groundmass  shows  no  glass  but  is  entirely  devitrified  and  ap- 
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pears  to  consist  of  submicroBCopic  feldspars  and  quartz.  Small  amounts 
of  sericite  in  the  groundmass  probably  resulted  from  the  alteration  of 
the  feldspars.  Zircon  and  apatite  are  present  in  small  amounts  as  well 
as  occasional  grains  of  tourmaline. 

The  following  rock  analysis  is  typical  of  the  rhyolite  away  from  the 
ore  channel.    The  alkalies  were  obviously  about  4  to  5  per  cent. 

SiOi     AliOa    FeiOi     FeO    CaO  MgO     KjO     NajO  Loss     Total 
70.20     14.20      4.86      ....     1.70    0.70  not  determined  4.00      95.65 

The  variety  of  rhyoUte  just  described  is  typical  of  the  major  portion 
of  the  exposure.  There  is,  however,  a  small  section  north  of  the  upper  end 
of  Hershall  Valley  in  which  the  rock  is  a  coarse  breccia.  Again,  other 
portions,  as  that  comprising  the  mass  of  Mt.  Teddy,  consist  of  a  mul* 
titude  of  small  rock  fragments  in  a  groundmass  of  unresolvable  volcanic 
dust.  The  nature  of  the  rock  comprising  the  ore  channel  has  been  so 
entirely  transformed  from  its  original  character  by  crushing,  silicification 
and  other  alterations  consequent  on  the  mineralizing  solutions  that  it 
must  be  discussed  separately.  It  should  be  noted,  however,  that  the 
southwestern  portion  of  the  rhyolite  tufF  form  the  head  of  Hershall 
Valley  to  where  it  disappears  under  the  sediments  to  the  south  of  the 
Sterne  River  is  a  rock  composed  largely  of  small  rock  fragments,  of 
broken  crystals  of  quartz  and  feldspars  and  of  great  amounts  of  unre- 
solvable volcanic  dust,  and  even  before  the  changes  due  to  the  faulting 
and  mineralization  was  different  in  its  character  from  the  tuff  character- 
istic of  the  rest  of  the  rhyolite  exposure. 

The  passage  from  the  rhyolite  tuffs  to  the  overlying  sandstone  and 
shale  is  a  gradual  one  and  the  exact  boundary  between  the  tuffs  and  sedi- 
ments cannot  be  generally  drawn.  This  is  especially  true  along  the 
southwest  contact  where  the  greatly  altered  rock  of  the  mineralized  zone 
abuts  on  the  sediments.  It  appears  that  the  basal  members  of  the  over- 
l3ring  sediments  (coarse  impure  sandstones  with  large  amounts  of  feld- 
spars and  rock  fragments)  were  formed  inunediately  after  the  deposition 
of  the  coarse  tuffs  and  possibly  before  their  consolidation.  Thus  the 
lower  beds  of  sediments  are  simply  the  worked-over  and  somewhat  sorted 
tuffs.  Above  these  coarse  impure  sandstones,  is  a  great  thickness  of 
well-bedded  red  and  white  sandstones,  purplish  and  micaceous  ^shales 
and  occasional  conglomerate  bands.  No  fossils  have  been  found  in 
these  beds.  Conformably  overl3ning  these  beds  is  a  great  thickness  of 
Ordovician  sandstones  and  marls  with  abundant  characteristic  Ordo- 
vician  fossils.  The  geological  sequence  in  the  vicinity  of  the  mine  would 
thus  appear  to  be  as  follows :  A  basement  series  of  Cambrian  or  pre-Cam- 
brian  shales  and  quartzites  followed  by  rhyolite  tuffs  and  breccias. 
Conformably  above  the  rhyolite  is  a  great  thickness  of  unfossiliferous 
sandstone  and  shale  which  is  in  turn  conformably  overlain  by  Ordovi- 
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cian  beds.  The  unconfonnity  (as  observed  at  other  points  in  the  North- 
ern Shan  States)  between  the  Ordovician  beds  and  the  basal  series  is 
a  very  marked  one,  the  lower  beds  having  been  severely  folded  and  greatly 
eroded  before  the  deposition  of  the  Ordovician  strata.  The  sequence 
from  the  rhyolite  through  the  unfossiliferous  sandstones  and  shales  to 
the  Ordovician  beds  is,  however,  a  conformable  one.  It  does  not  seem 
probable  that  the  Bawdwin  rocks  correspond  in  time  of  formation  to 
the  unconformity  between  the  basal  beds  and  the  Ordovician,  especially 
as  a  portion  of  the  interval  was  one  of  erosion  and  not  of  deposition. 
Consequently  the  Bawdwin  rhyolites  are  most  probably  of  early  Ordo- 
vician or  late  Cambrian  age  while  the  basal  beds  should  be  assigned  to 
early  Cambrian  or  pre-Cambrian.  The  rhyolite  probably  lies  uncon- 
f  ormably  on  the  basal  beds. 

Ore  Zone 

The  orebodies  occur  in  a  wide  zone  of  displacement  (300  to  1,000  ft. 
across)  in  rhyolite  tuff  in  which  the  faulting  and  crushing  have  been 
intense  (Fig.  5).  The  zone  has  no  well-defined  boundaries  but  dies  away 
gradually  into  hard  undisturbed  rock.  As  has  been  mentioned  previously, 
the  southwestern  portion  of  the  rhyolite  area  differs  considerably  in  its 
lithological  character  from  the  remainder  of  the  rhyolite.  In  this  por- 
tion the  tuff-like  nature  of  the  rock  is  much  more  pronounced,  the  con- 
stituents are  considerably  more  numerous  and  variations  in  the  type  of 
rock  are  frequent.  It  is  through  this  portion  of  the  rhyolite  that  the 
zone  of  faulting  passes,  and,  therefore,  superposed  on  the  original  mixed 
character  of  the  rock,  are  the  great  secondary  changes  due  to  the  intro- 
duction of  foreign  materials  and  to  the  rearrangement  of  the  minerals 
already  present.  The  faulting  extends  through  this  type  of  tuff  into  the 
fine-grained  tuff  which  comprises  the  major  portion  of  the  rhyolite  area, 
but  its  effect  there  has  been  much  less,  due  partially  to  the  more  homo- 
geneous and  compact  nature  of  the  rock  and  probably  partially  to  a 
dying  away  of  the  severity  of  the  faulting  in  that  direction. 

The  rock  of  the  ore  channel  varies  from  a  fine-grained  greatly  silici- 
fied  tuff  consisting  largely  of  introduced  quartz  to  a  rock  largely  com- 
posed of  included  fragments  of  other  rocks,  often  dark  blue  or  black 
angular  fragments  of  shale.  A  type  very  characteristic  of  the  neighbor- 
hood of  the  large  orebodies  is  one  consisting  largely  of  a  great  number  of 
large  kaolinized  feldspars  set  in  a  fine-grained  groundmass.  The  altera- 
tions of  the  rock  in  the  ore  channel  are  so  great  that  the  original  character 
is  often  almost  entirely  destroyed.  The  greatest  single  factor  is  the 
silicification  which  has  penetrated  all  through  the  rock,  replacing  the 
groundmass,  feldspars  and  included  fragments.  The  feldspars  are,  how- 
ever, generally  altered  to  kaolin,  the  alteration  being  complete,  the  whole 
mass  of  the  feldspars  being  changed.    The  change  sometimes  takes  place 
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to  a  mixture  of  calcite,  quartz  and  sericite  instead  of  to  kaolin.  Con- 
siderable sericite  also  forms  in  the  groundmass  and  occasionally  from 
included  fragments.  Large  amounts  of  a  light-green  non-pleochroic 
alteration  product,  probably  a  form  of  chlorite,  are  found.  At  a  few 
points  in  the  ore  channnel  small  portions  which  escaped  the  intense  crush- 
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Fig.  5. — Geological  Surface  Map.    Burma  Mines,  Ltd. 

ing  and  siUcification  and  which  retain  the  characteristics  of  the  fine-grained 
tuff  are  preserved. 

In  a  general  way  the  following  changes  take^  place  in  the  rock  on  ap- 
proaching the  ore  channel.  At  a  distance  of  500  or  600  ft.  the  rock  is  a 
normal  rhyolite  containing  considerable  sericite  and  calcite  due  to  ordi- 
nary secondary  changes.     On  approaching  the  ore  channel,  the  silica 
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increases  and  the  alumina  decreases.  The  amount  of  sericite  in  the  ground- 
mass  increases  and  microscopic  cubes  of  pyrite  become  nimierous.  Still 
closer  to  the  ore  channel,  chlorite  becomes  abundant  and  the  alteration 
of  the  feldspars  takes  place  partly  to  kaolin  instead  of  to  sericite.  Finally, 
in  the  ore  channel,  itself,  the  rock  is  a  mixtiire  of  quartz,  sericite,  chlorite 
and  kaolin  with  some  calcite. 

The  following  are  rock  analyses  from  various  points  in  the  ore  channel. 
Owing  to  the  extremely  variable  character  of  the  rock  itself,  a  tuff  with 
included  fragments,  it  is  unsafe  to  draw  any  conclusions  by  a  compari- 
son of  these  analyses  with  the  one  given  as  typical  of  the  im^tered  tuff. 


(1) 

(2) 
(3) 
(4) 
(5) 


SiOs       I      AlsOi      i     FesOs 


77.20 
71.60 
80.40 
74.66 
83.65 


8.28 
8.74 
10.25 
9.05 
8.00 


0.71 
2.67 
0.46 
5.35 
2.85 


FeO 


C»0 


1.09 
4.35 
1.28 


1.07 
1.30 
1.40 
3.05 
1.45 


MgO 


(KiO  NaiO) 


0.48 
1.19 
0.37 
1.70 
0.45 


2.65 

2.69 

2.91 
determined  j  4.48 
determined      0.94 


(1)  Close  to  foot  wall  of  Chinaman  Lode. 

(2)  Several  hundred  feet  from  hanging  wall  of  Chinaman  Lode. 

(3)  In  Chinaman  Lode — a  block  of  country  rock  with  large  kaolinized  feldspars 
and  included  in  the  lode. 

(4)  300-ft.  level— south  of  Shan  Copper  Lode. 

(5)  Close  to  surface  on  hanging-wall  side  of  lode. 

Lead,  zinc  and  sulphiu"  bring  the  totals  of  the  above  analyses  up  to 
approximately  100  per  cent. 

Orebodies 

The  metals  of  commercial  importance  foimd  at  Bawdwin  are  zinc  as 
sphalerite  (ZnS),  lead  as  galena  (PbS),  copper  as  chalcopyrite  (CuFeSj) 
and  silver  whose  manner  of  occiu'rence  is  not  definitely  known  but  which 
is  probably  present  largely  as  argentite  in  submicroscopic  mixture  with 
the  galena. 

The  ore  occurs  as  solid  masses  of  sulphides  with  practically  no  ad- 
mixture of  gangue;  as  veins;  as  interlacing  seams  forming  small  stock- 
works;  and  as  an  impregnation  of  the  country  rock.  The  gangue  when 
present  is  quartz,  calcite  or  country  rock  (rhyolite  tuff).  The  princip>al 
orebody,  known  as  the  Chinaman  Lode,  is  at  present  developed  for  about 
1,200  ft.  in  length  and  varies  in  width  from  a  few  feet  to  over  100  ft., 
maintaining,  on  some  levels  an  average  width  of  50  ft.  for  over  1,000  ft. 
along  the  strike  (Fig.  6)..  It  is  primarily  a  zinc-leadnsilver  orebody  with 
small  amounts  of  copper  along  the  edges.  Some  of  the  diverging  seams 
and  faulted  portions  of  the  Chinaman  Lode  are,  however,  variable  in 
their  metal  content,  showing  rapid  alternations  from  zinc-lead  to  copper 
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ore  and  vice  versa.  These  changes  t^ke  place  both  horizontally  and  ver- 
tically, sometimes  as  a  gradual  transition,  sometimes  marked  by  a  fault 
plane.     The  largest  single  body  of  copper  occurs  on  the  300-ft.  level, 


north  of  the  Chinaman  Lode.  It  is  about  130  ft.  long  with  an  average 
width  of  25  ft.  running  14  per  cent,  copper,  7  oz.  silver,  and  with  only 
small  percentages  of  zinc  and  lead  on  this  level.     It  grades,  however, 
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about  75  ft.  above  into  zinc-lead  ore  and  does  the  same  at  30  ft.  below. 
This  lode  is  probably  the  faulted  northern  extension  of  the  Chinaman. 

The  orebodies  thus  far  opened  up  occur  entirely  in  the  altered  silici- 
fied  rhyolite  tuff.  The  mineralization  extends  to  a  sUght  degree  into  the 
overlying  sediments.  It  is  possible,  however,  that  this  mineralization 
in  the  overlying  sediments  belongs  to  a  later  period  than  that  in  the  tuff 
and  is  more  of  the  nature  of  a  slight  retaking  into  solution  of  the  minerals 
in  the  tuff  and  redeposition  in  the  sediments  by  ground-water  circulation. 
The  nature  of  the  orebodies  in  the  underlying  sediments  is  as  yet  unknown. 
It  is  believed  that  they  will  probably  be  more  restricted  as  to  size  and  be 
more  in  the  nature  of  fault  deposits,  with  replacement  of  the  country 
rock  assuming  a  subordinate  rdle,  the  opposite  of  the  conditions  in  the 
tuff. 

A  cross-section  through  the  Chinaman  Lode  shows  a  central  core  of 
solid  zinc-lead  ore,  with  the  zinc  generally  but  not  invariably  in  excess  of 
the  lead.  On  both  sides  of  this  central  core  are  alternating  bands  of 
solid  ore  and  heavily  mineraUzed  tuff.  These  bands  parallel  the  main 
body  in  strike  and  dip  but  are  not  persistent  themselves,  coalescing  and 
pinching  out  and  in  reality  forming  a  sort  of  stockwork.  The  bands  are 
generally  high  in  lead  and  comparatively  low  in  zinc.  A  sUght  percen- 
tage of  copper  is  generally  found  on  their  edges.  From  both  sides  of  these 
bands  the  mineralization  extends  far  out  into  the  tuff,  gradually  merging 
into  barren  rock.  Occasional  seams  and  patches  of  ore  are  found  at 
considerable  distances.  There  is  no  sharp  bpundary  between  mineralized 
and  unmineraUzed  country  rock  as  a  general  thing,  although  this  condi- 
tion is  approximated  in  a  few  places  by  fault  planes.  Pyrite  is  found  to  a 
limited  extent  in  the  main  orebody,  but  attains  a  much  greater  abundance 
along  the  edges  where  it  is  disseminated  all  through  the  rock  as  a  multi- 
tude of  very  small  (microscopic)  cubes.  The  central  core  of  solid  ore  in 
the  Chinaman  Lode  attains  at  points  a  thickness  of  more  than  80  ft., 
a&d  on  some  horizons  maintains  an  average  width  of  55  ft.  for  over  800 
ft.  in  length  and,  as  stated  above,  an  average  of  50  ft.  for  200  ft.  additional. 
In  this  core  the  gangue  is  generally  very  finely  disseminated  quartz  grains. 
The  extreme  richness  in  metal  content  of  the  orebody  is  best  shown  by 
the  fact  that  a  block  roughly  800  ft.  long  by  600  ft.  deep  by  30  ft.  wide 
contains  about  1,750,000  long  tons  with  an  average  value  of  approxi- 
mately: Ag,  30  oz.;  Pb,  31  per  cent.;  and  Zn,  29  per  cent.  A  theoretical 
block  of  the  same  size  of  solid  galena  and  sphalerite  with  equal  amoimts 
of  Pb  and  Zn  would  contain  approximately  2,300,000  long  tons.  Thus 
the  block  in  the  mine  is  over  75  per  cent.  soUd  lead  and  zinc  sulphides. 
The  accompanying  cross-section  (Fig.  7)  through  the  orebody  shows  that 
this  solid  sulphide  core  has  a  high  dip  to  the  west  in  the  upper  levels  and 
turns  gradually  over  to  a  high  dip  to  the  east  in  the  lower  levels.  A 
gradual  thinning  of  the  orebody  takes  place  on  approaching  the  under- 
lying sediments.     This  is  probably  due  to  the  greater  effect  of  the  fault- 
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ing  on  a  heterogeneous  rock  like  the  tuff  than  on  the  sandstone  and  shale. 
This  mder  zone  of  shattered  rock  in  the  oyerl3dng  tuff  and,  in  addition, 
the  much  more  easily  replaceable  character  of  the  rock,  would  result  in 
a  considerably  wider  area  of  mineralization. 
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The  original  condition  of  the  upper  portion  of  the  orebody  is  largely 
concealed  by  the  work  of  the  Chinese,  but  there  appears  to  be  a  decided 
thinning  of  the  orebody  on  approaching  the  surface.  The  outcrop,  in 
fact,  when  considering  the  size  of  the  orebody  below,  is  scant,  but  this 
is  probably  partially  accounted  for  by  the  oxidizing  and  subsequent 
leaching  of  the  surface  ores.  At  several  points  sphalerite  and  galena 
outcrop  on  the  surface,  but  as  a  rule  the  surface  ores  have  been  largely 
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leached  and  the  outcrops  are  marked  by  a  wide  zone  of  soft  decomposed 
rock  colored  by  iron  oxides,  copper  carbonates  and,  to  a  lesser  extent, 
by  oxidized  lead  ores.  This  gossan  for  considerable  stretches  runs  3  to 
4  oz.  in  silver  and  about  5  per  cent,  in  lead.  It  is  quarried  at  one  point 
for  a  siliceous  flux  for  smelting  purposes.  A  characteristic  assay 
follows:  Ag,  3  oz.;  Pb,  5.8  per  cent.;  Zn,  0.7  per  cent.;  SiOi,  58.6  per 
cent.;  Fe,  17.7  per  cent.  The  depth  of  the  gossan  is  extremely  variable 
but  very  rarely  is  more  than  50  ft.  At  approximately  this  depth  it  is 
succeeded  by  a  zone  of  secondary  copper  sulphides,  principally  chalcocite 
with  some  bomite.  The  chalcocite  occurs  largely  as  a  replacement  of 
sphalerite.  The  secondary  copper  ores  cannot  be  considered  as  occurring 
as  a  well-marked  zone  over  the  whole  orebody,  but  simply  at  a  few  favor- 
able places,  at  some  points  stretching  well  up  into  the  oxidized  ores;  at 
others,  well  down  into  the  normal  sulphides.    This  secondary  copper  is 
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Fig.  8. 

not  present  in  large  enough  amounts  to  be  conmiercially  important.  The 
points  at  which  the  chalcocite  occurs  are  about  100  ft.  above  the  present 
water  level,  but  as  erosion  has  been  rapid  it  probably  marks  the  water- 
table  level  at  a  not  very  distant  period.  The  zinc  and  lead  sulphides 
which,  as  remarked  previously,  at  some  points  outcrop  on  the  surface, 
extend  down  to  the  greatest  depth  yet  reached,  about  725  ft.,  with  prac- 
tically no  change  in  their  character  or  relationship  to  each  other.  The 
normal  zinc-lead  ore  of  the  mine  is  an  extremely  intimate  mixture  of 
sphalerite  and  galena;  the  sphalerite,  which  is  the  older,  being  of  a  very 
fine  granular  structure,  the  grains  var3ang  from  about  0.015  to  0.16  mm. 
in  diameter.  The  galena  forms  around  the  separate  grains  of  sphalerite, 
and  as  thin  filaments  running  through  the  zinc.  The  ore  grades  off  in 
both  directions  from  this  fine  mixtiure,  toward  the  zinc  end  to  solid 
masses  of  soft,  earthy  sphalerite  with  occasional  stretches  of  hard,  dark 
sphalerite  probably  rather  high  in  its  iron  content,  and  toward  the  lead 
end  to  masses  of  pure,  coarsely  cubical  galena. 
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The  silver  content  rises  and  falls  consistently  with  the  lead  and  in- 
dependently of  the  zinCy  indicating  that  the  silver  is  largely  contained 
in  the  lead.  The  presence  of  copper  even  in  small  amounts  destroys 
the  silver-lead  ratio,  as  the  copper  present  in  the  small  veins  adjoining 
the  main  orebody  carries  a  high  silver  content  (Fig.  8).  As  a  general 
statement,  it  can  be  said  that  1  per  cent,  of  lead  carries  1  oz.  of  silver. 
Silver  minerals  have  not  been  detected  in  any  form  but,  as  stated  above, 
it  seems  most  probable  that  the  silver  is  present  as  argentite  intimately 
associated  with  the  galena. 

The  accompan3dng  assays  show  the  relations  between  the  silver  and 
the  lead  and  also  represent  typical  assays  of  high-lead,  high-zinc,  zinc- 
lead  and  lower-grade  ores. 

•  Ag.  Oi. 

Silver4ead  Ore }  ' , 

Highrtinc  Ore >  -  -  ' 

ZinoAead  Ore 38.5 

Secandrgrade  Ore >         -g* 

Faulting 

The  faulting  along  which  the  ore  occurs  was  not  concentrated  in  one 
fault  plane,  but^occupies  a  zone  reaching  in  places  well  over  1,000  ft.  in 
width.  Along  this  zone  a  multitude  of  faults  of  varying  strike  and  dip — 
some  normal,  some  reverse — ^were  developed.  The  faulting  is  extremely 
complicated  and  of  such  varying  strike  and  dip  that  a  division  into  rigid 
systems  cannot  be  made.  The  majority  of  the  faults  can  be  traced  only 
for  short  distances  and  are  either  displaced  by  later  faulting  or  die  out. 
Rou^y,  however,  two  main  fault  systems  can  be  determined,  one  with 
strikes  about  north  and  south  and  with  high  dips  to  either  the  east  or 
west;  and  a  second  series  with  strikes  varying  from  N35W  to  N75W  and 
with  high  dips  generally  to  the  southwest.  The  displacement  due  to 
most  of  the  faulting  has  been  very  slight,  as  is  evidenced  where  faults 
have  cut  the  orebodies.  The  displacement  in  these  intersections  is 
generaUy  so  small  as  to  be  barely  noticeable.  A  few  dominant  faults, 
however,  which  can  be  traced  for  long  distances,  have  caused  severe 
dislocations.  One  such  fault  cuts  off  the  Chinaman  orebody  on  the 
southern  end.  So  esctended  was  the  movement  that  the  ore  south  of  the 
fault  has  not  yet  been  located.  There  are,  in  addition  to  the  above 
faults,  a  great  multitude  of  smaller  ones  of  all  strikes  and  dips  but  of 
subordinate  importance.  The  faults  as  a  rule  are  marked  by  varying 
thickness  of  soft  gouge  and  rounded  rock  fragments.  The  gouge  is 
often  colored  black  by  the  minute  sulphides  contained  ?n  it.  Faults 
when  passing  through  the  solid  bodies  of  sulphides  have  produced  smooth 
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slickensided  surfaces;  often  with  a  brilliant  polish  which  may  be  modified 
by  etching.  This  is  especially  true  of  fault  planes  in  the  high-grade 
galena  ore. 

The  faults  just  described  appear  to  be  later  than  the  mineralizatioQ, 
although  it  is  possible  that  some  of  the  faults  that  strike  north  and  south 
along  the  edges  of  the  orebody  are  pre-mineral  and  acted  as  bounding 
walls  for  the  main  ore  deposition.  It  is  also  most  probable  that  some  of 
the  small  veins  branching  off  from  the  main  Chinaman  orebody  represent 
ore  deposits  along  fault  planes.  That  these  smaller  veins  are  contem- 
poraneous with  the  Chinaman  Lode  is  proved  in  some  cases  by  direct 
observation  of  the  points  where  they  merge  into  it.  In  the  large  replace- 
ment orebody,  the  Chinaman,  the  practically  complete  replacement  of 
country  rock  by  sulphides  has  entirely  obliterated  the  original  character 
of  the  ground.  This  orebody  represents,  however,  a  replacemient  in  a 
wide  faulted  and  crushed  zone  rather  than  a  replacement  that  has  spread 
out  into  the  walls  from  a  central  fault  plane.  Many  of  the  faults  that  are 
lafer  than  the  main  orebodies  contain  ore  due  to  drag  and,  in  some  cases, 
ore  probably  formed  by  solution  from  the  original  orebodies  and  by  rede- 
position  along  the  fault  planes  which  have  naturally  served  as  water 
channels. 

The  plan  of  the  171-ft.  level  (Fig.  6)  shows  some  of  the  more  promi- 
nent faults.  The  large  amphitheater,  directly  above  the  Chinaman  Lode, 
is  bounded  to  a  great  extent  by  faults,  and  partly  owes  its  existence  to 
land  sUps  along  these  planes.  Its  precipitous  sides  have  probably  been 
slightly  accentuated  by  Chinese  work  but  the  amphitheater  taken  as  a 
whole  is  probably  almost  entirely  due  to  natural  causes. 

Underground  Waters 

As  is  to  be  expected  in  a  tropical  region  of  fairly  heavy  rainfall,  the 
ground-water  level  is  close  to  the  surface.  The  ore  channel  strikes  diag- 
onally across  the  trend  of  the  ridges  and  the  ground-water  level  was 
tapped  by  the  company's  drainage  tunnels  only  a  few  feet  below  the  valley 
bottoms  (Fig.  9).  There  did  not,  however,  appear  to  be  a  completely 
saturated  zone  below  the  water  level.  Diamond-drill  holes  at  a  greater 
depth  than  any  of  the  workings  occasionally  go  completely  dry,  and  water 
pumped  into  them  entirely  disappears.  This  experience  was  met  even 
in  cases  where  the  holes  were  cemented  practically  all  the  way  down.  The 
great  number  of  old  workings  and  the  extremely  shattered  condition  of 
the  ground  with  numerous  fault  planes  along  which  water  circulates 
freely,  tend  to  obscure  the  natural  underground  circulation.  A  heavy 
rainfall  has  an  almost  immediate  effect  on  the  amount  of  water  in  the 
upper  levels,  and  a  portion  of  the  surface  water  probably  drains  down 
along  faults  to  the  lowest  levels.    Two  analyses  of  water  are  given  here- 
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with:  No.  1  from  a  shaft  sunk  in  the  Chinaman  Lode;  No.  2  from  a 
drainage  tunnel  which  at  the  time  the  sample  was  taken  was  about  6,500 
ft.  from  the  orebody  and  probably  represents  with  fair  accuracy  the  imder- 
ground  water  of  the  region  away  from  the  influence  of  the  orebody. 


Fig.  9. — Sbttlbmbnt  at  thb  Pobtal  op  thb  Tiobb  Tunnel.    A  Drainaqb 
AND  Working  Tunnel  7,000  Ft.  Long. 

Parts  per  1,000,000 


No.  1 

SO, 2,160 

CaO 227 

FeiO,  and  AUO, 273 

SiO, 35 

MgO 227 

Pb 30 

ZnO 1,179 

NiO  and  CoO 260 

Organic  and  volatile  matter 30 

a Tr 

Undetermined 21 


No.  2 

CaCX), 138 

MgCO, 78 

NaiSOi 19 

FeiOi  and  AljOc 13 

SiOf 136 

Undetermined 9 


Total. 


393 


Total. 


4,434 
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No.  ]  is  a  strong  sulphate  water  with  an  extremely  high  content  of  zinc. 
The  large  amount  of  nickel  and  cobalt  in  solution  is  remarkable  inasmuch 
as  the  sulphides  of  these  metals  have  not  been  definitely  recognized  in 
the  orebody.  The  cobalt  arsenate,  erythrite,  however,  forms  rapidly 
along  some  exposed  faces.  This  sample  was  taken  at  a  point  about 
400  ft.  below  the  surface,  the  lowest  point  in  the  mine  at  the  time,  and 
it  does  not  appear  probable  that  the  large  amount  of  zinc  is  due  to  any 
extent  to  solution  from  exposed  faces  on  the  upper  levels,  because,  if 
this  were  true,  copper  should  also  be  present,  as  the  descending  water  of 
the  upper  levels  has  a  high  copper  content.  The  entire  absence  of  cop- 
per is  noteworthy  and  appears  to  indicate  either  that  the  body  of  under- 
groimd  water  is  virtually  stagnant  and  its  mineral  content  is  derived  from 
the  immediate  vicinity,  or  that  the  contained  copper  in  the  water  above 
is  redeposited  before  reaching  the  lower  levels.  A  large  number  of  the 
faults  have  impervious  gouges  and  probably  break  the  ground  up  into 
blocks,  some  saturated,  some  practically  dry. 

Minerals 

The  list  of  minerals  found  at  Bawdwin  is  not  extensive.  The  prin- 
cipal ones  follow: 

Qiuariz  as  phenocrysts  in  the  rhyolite;  as  a  large  portion  of  the  cryp- 
tocrystalline  groundmass;  as  a  secondary  product  from  the  alteration  of 
other  minerals;  as  a  later  introduction  in  veinlets;  and  as  a  product  of 
general  silicification.  It  appears  in  veins  in  massive  form,  and  is  hard 
and  compact,  but  it  may  also  yield  well-formed  pyramids  in  cavities.  It 
may  constitute  ribbon  quartz  with  lamellar  structure.  It  may  even  be 
powdery.  It  can  be  detected  as  very  fine  grains,  intimately  associated 
with  the  sulphides. 

Feldspar,  probably  largely  orthoclase,  occurs  in  crystals  both  large 
and  small.  Often  only  fragments  of  crystals  appear,  and  both  these  and 
the  well-bounded  ones  are  generally  badly  decomposed.  With  quartz 
it  forms   the  groundmass  of  most  of  the  eruptive  rock. 

Cakiie  is  abundant  as  a  secondary  mineral,  especially  as  a  replace- 
ment of  other  minerals,  notably  feldspar.  It  may  be  one  of  the  gangue 
minerals  and  favors  the  copper  ore  in  which  relation  it  often  composes 
the  entire  gangue. 

A  ferromagnesiary  mineral,  probably  an  amphibole,  has  suffered  such 
extreme  alteration  as  to  be  almost  entirely  destroyed. 

Bariie  appears  in  large  masses  as  vein-filling  on  the  surface  and  as 
large  weathered  blocks.  It  has  not  been  observed  underground.  Where- 
ever  seen,  it  is  always  in  association  with  the  sediments,  never  with  the 
rhyolite. 

Siderite  is  common  as  a  gangue  in  some  of  the  smaller  veins  but  is  of 
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subordinate  importance.    Iron-stained  calcite  may  sometimes  be  taken 
for  it. 

Apatite  and  zircon  are  fairly  common  as  small  crystals  disseminated 
through  the  rock. 


Towmaline,  occasional  grains  in  tuff. 

Biotite,  occasional  shreds,  probably  secondary. 

Sericite  is  the  predominant  alteration  product  of  the  groundmassi 
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and  away  from  the  ore  zone  also  of  the  feldspars.  It  occurs  as  a  mat  of 
slender  microscopic  crystals. 

Kaolin  is  the  principal  alteration  product  of  the  feldspars  in  the  ore  sone. 

Chlorite.  A  light-green,  non-pleochroic,  alteration  product  is  common 
in  all  types  of  the  rock,  and  is  probably  a  form  of  chlorite. 

Galena  occurs  as  coarse  cubical  galena  in  quartz  stringers;  as  impr^na- 
tions  in  the  country  rock;  as  replacements  of  silicates  or  quartz;  and  as 
a  mixtiu'e  in  all  degrees  of  intimacy  with  sphalerite  and  to  a  lesser  d^ree 
with  chalcopyrite. 

CeruBsOe,  as  well-formed  crystals  in  vugs  in  galena.  It  is  present  in 
considerable  amounts  as  low  as  the  171-ft.  level  and  to  a  lesser  extent 
further  down.    It  occurs  also  in  the  altered  outcrops. 

Anglesite  appears  in  relations  similar  to  those  of  cerussite. 

Pyromorphite,  as  well-formed  crystals  in  relations  similar  to  those  of 
the  two  preceding  minerals. 

Sphalerite  occurs  as  large  soUd  masses;  as  an  impregnation  of  the 
country  rock  often  finely  disseminated;  as  replacements  of  other  minerals, 
especially  of  the  groundmass  and  feldspars  of  the  rhyolite;  as  an  intimate 
mixture  with  galena  and  occasionally  with  chalcopyrite,  and  as  large 
masses  of  earthy  sphalerite.  The  normal  oxidized  zinc  minerals  have  not 
been  observed,  but  goslarite  forms  rapidly  and  in  large  amounts  along 
the  walls  of  the  drifts  in  the  upper  levels. 

Chalcopyrite  occurs  in  the  smaller  veins  and  along  the  edges  of  the 
Chinaman  Lode  and  as  the  principal  ore  of  the  Shan  Lode  on  the  300-ft. 
level  (Fig.  10).  Is  often  associated  with  galena  and  sphalerite  but  the 
relation  is  never  so  intimate  as  between  the  galena  and  sphalerite. 

Malachite,  azurite  and  native  copper  occur  in  small  amounts  in  the 
oxidized  zone. 

Chdlcocite  appears  as  a  secondary  product  above  the  water  level; 
largely  as  a  replacement  of  sphalerite,  the  replacement  being  generally 
not  complete,  so  that  a  core  of  sphalerite  is  surrounded  by  chalcocite, 
usually  of  a  soft  earthy  variety. 

Bomite  occurs  in  small  amounts  with  the  chalcocite. 

Pyrtie  occurs  in  small  amounts  in  the  orebody  as  the  last  sulphide 
deposited.  Great  amounts  of  it  lie  along  the  edges  of  the  orebodies,  largely 
as  a  multitude  of  microscopic  cubes  disseminated  all  through  the  rock. 

Hematite  and  limonite  are  found  in  the  gossan  above  the  orebodies. 

Erythrite  constitutes  a  pink  incrustation  along  the  drifts. 

Nickel  and  cobalt  sulphides  are  present  but  have  not  been  identified. 

Genesis 

The  orebodies  at  Bawdwin  have  been  formed  by  the  metasomatic 
replacement  of  the  rhyolite  tuff  by  sulphides  deposited  from  hot  solutions, 
which  rose  from  below  along  an  intensely  crushed  and  sheared  zone.    From 
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the  data  at  hand  it  is  not  possible  to  make  any  definite  assertion  as  to 
whether  the  mineralizing  solutions  are  themselves  a  late  phase  of  the 
rhyoUte  activity  or  not.  Whatever  evidence  there  is,  however,  appears 
to  indicate  that  the  rhyoUte  is  not  responsible  for  the  metal-bearing  solu- 
tions. About  25  miles  northeast  of  Bawdwin,  at  Mohochaung,  there  are 
orebodies  in  sandstones  and  shales  which  are  entirely  similar  to  Bawdwin 
as  regards  the  character  of  the  ore  itself.  The  beds  in  which  they  occur 
are  probably  roughly  contemporaneous  in  age  with  the  Bawdwin  sedi- 
ments. There  is  n'^  rhyoUte  present  at  this  point.  Granite  is,  however, 
present  about  3  miles  to  the  west  of  Bawdwin  and  at  roughly  the  same 
distance  to  the  west  of  Mohochaung.  The  granite  is  a  coarsely  crystal- 
line muscovite-biotite  granite.  It  is  a  reasonable  presumption  to  con- 
sider the  granite  mass  as  extending  below  the  orebodies  at  both  Moho- 
chaung and  Bawdwin,  probably  at  a  great  depth  below  the  surface,  and  it 
may  be  to  the  influence  of  the  granite  that  the  mineralizing  solutions 
should  be  ascribed.  This  is,  however,  simply  a  hypothesis  with  no  actual 
facts  to  support  it. 

The  fault  zone  at  Bawdwin  passes  through  all  the  varjdng  types  of 
tuff,  from  the  type  composed  largely  of  included  fragments  of  other 
rocks  to  the  fine-grained  homogeneous  rhyolite  tuff.  The  effect  of  the 
kind  of  rock  upon  the  ore  deposition  has  been  marked.  The  fine-grained 
homogeneous  tuff  is  practically  barren,  the  fine-grained  highly  silicified 
rock  composed  of  fine  rock  fragments  contains  small  bodies  of  ore  along 
fault  planes  but  with  practically  no  replacement  of  the  rock  itself.  With 
an  increase  in  size  of  the  fragments  composing  the  rock  there  is  an  increase 
of  replacement  by  metalUc  sulphides.  The  type  composed  of  large  nu- 
merous feldspar  crystals  set  in  a  fine-grained  groundmass  is  distinctly 
the  most  favorable  rock  and  is,  in  fact,  the  rock  in  which  all  the  large  zinc- 
lead  bodies  are  found. 

The  favorableness  or  unfavorableness  of  the  various  types  of  rocks 
toward  ore  deposition  are  due  to  several  reasons. 

1.  The  compactness  or,  inversely,  the  porosity  of  the  rock. 

2.  The  nature  of  the  rock  constituents  as  regards  their  ease  of  attack 
by  solution  and  replacement. 

3.  Effect  of  the  faulting  on  the  rock — whether  the  rock  gives  way 
along  a  few  prominent  planes  or  whether  the  movement  and  consequent 
crushing  is  spread  over  a  wide  zone. 

The  coarse  heterogeneous  tuff,  especially  the  one  with  large  feldspars, 
was  due  to  the  nature  of  the  rock  itself  which  was  not  a  compact  one  and 
consequently  allowed  an  easy  entrance  of  mineraUzing  solutions.  The 
feldspars  offered  an  easy  first  point  of  attack  for  the  solutions  and  the 
rock  itself,  owing  to  its  mixed  character,  suffered  crushing  and  faulting 
over  a  wide  area.  All  the  above  factors  become  progressively  less  active 
as  one  passes  toward  the  fine-grained  homogeneous  type  of  tuff. 
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The  rhyolite  tuff  was  greatly  shattered  and  crushed  along  the  zone 
of  faulting,  probably  to  a  much  greater  extent  than  is  now  observable, 
as  the  rock  has  been  reconsolidated  by  later  silicification.  The  ascending 
solutions  permeated  all  through  the  crushed  mass,  and  along  the  zone 
of  greatest  shattering  practicaUy  entirely  replaced  the  original  rock  with 
sulphides.  The  feldspars  which  were  probably  the  first  point  of  attack 
were  either  replaced  by  sulphides  or  altered  to  sericite  or  kaolin.  The 
alteration  to  kaolin  may,  however,  be  due  to  later  descending  solutions 
carrying  sulphuric  acid,  although  somewhat  mitigating  against  this 
theory  is  the  fact  that  the  kaolin  alteration  persists  several  hundred  feet 
below  the  water  level.  After  the  feldspars,  the  fine-grained  groundmaas 
was  attacked,  and  finaUy  the  quartz.  Deposition  also  took  place  in  & 
subordinate  degree  in  open  spaces,  as  is  evidenced  by  banding  and 
rough  comb  structure  and  by  drusy  and  botryoidal  forms  of  sphalerite. 
Vugs  and  openings  along  fault  planes  are  present  in  all  parts  of  the  mine, 
being,  however,  considerably  more  numerous  in  the  upper  levels  where 
they  are  probably  largely  of  recent  origin.  In  the  central  core  of  solid 
ore  none  of  the  original  country  rock  is  left;  where  any  gangue  exists  it 
is  a  very  fine-grained  quartz  probably  introduced  with  the  sulphides. 
The  sulphides  were  deposited  in  successive  stages  which,  however,  prob- 
ably overlapped.  The  sphalerite  is  the  oldest,  followed  by  chalcopyrite 
and  galena  and  finally  by  pyrite,  the  iron  sulphide  being  to  a  great  extent 
the  last,  although  it  was  probably  introduced  in  small  amounts  aU  through 
the  period  of  the  ore  deposition.  The  origin  of  the  chalcopyrite  was 
contemporaneous  with  the  introduction  of  considerable  calcite,  the  latter 
mineral  being  a  characteristic  gangue  of  the  copper  ore.  The  relative 
ages  of  the  sulphides  as  outlined  above  are  shown  not  only  in  their  rela- 
tion to  each  other  but  also  to  some  extent  by  their  general  location.  The 
zinc  forms  the  central  core  with  the  lead  and  copper  along  the  edges  of 
the  zinc.  This  generalization  is  true  only  to  a  certain  degree  as  the  suc- 
cessive movements  which  opened  up  new  channels  for  ore  deposition 
along  the  edges  of  the  already  existing  bodies  also  shattered  these  bodies. 
The  mixture  between  the  lead  and  zinc  is,  however,  such  an  extremely 
intimate  one  that  it  is  difficult  to  assume  that  it  is  formed  solely  by  galena 
introduced  into  openings,  however  minute,  in  a  shattered  body  of  sphal- 
erite. The  relation  of  the  two  minerals  to  each  other  as  shown  in  thin 
sections  clearly  indicates  that  they  were  not  deposited  simultaneously 
but  that  the  lead  is  distinctly  younger  than  the  zinc.  It  would  appear 
that  the  intimate  relationship  may  be  partly  due  to  a  replacement  of 
the  sphalerite  by  the  galena.  The  galena  having  been  introduced  along 
minute  cracks  in  the  sphalerite  gradually  spread  out  from  these  cracks 
by  replacement  of  the  zinc,  thus  reproducing  on  a  microscopic  scale  the 
method  of  formation  of  the  orebody  as  a  whole. 

It  does  not  appear  that  changes  of  any  magnitude  have  occurred 
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in  the  condition  of  the  orebodies  since  their  original  formation.  There 
is  no  distinct  zone  of  secondary  enrichment  (barring  the  small  amounts 
of  chalcocite),  a  fact  best  indicated  by  the  silver  values  which  show  no 
marked  change  from  the  upper  part  of  the  orebodies  to  the  lowest  levels, 
several  hundred  feet  below  the  water  level.  There  is  a  gradual  increase 
of  silver  values  on  descending,  but  this  is  entirely  due  to  a  corresponding 
increase  in  lead.  As  has  been  stated  previously,  the  lead-zinc  ore  main- 
tains the  same  character  from  the  surface  to  the  lowest  levels,  varying 
somewhat  in  the  proportion  of  one  to  the  other  but  not  due  to  any  later 
rearrangement.  As  stated  above,  there  is  a  gradual  increase  in  silver 
and  lead  on  descending.  This  is  not,  however,  at  the  expense  of  the  zinc, 
which  also  increases  slightly,  but  is  due  to  the  almost  entire  disappearance 
of  gangue  minerals  and  of  low-grade  patches  in  the  solid  core. 

The  age  of  the  orebody  itself  is  extremely  difficult  of  determination. 
The  overlying  sediments  have  been  eroded  from  directly  above  the  ore- 
body  and  whatever  patches  of  ore  have  been  found  in  them  at  other 
points  are  of  small  size  and  may  have  been  formed  from  already  existing 
bodies  in  the  tuff.  This  is  not,  however,  certain  and  the  barrenness  of 
overlying  sediments  may  be  due  to  their  unfavorable  character  as  re- 
gards replacement  by  sulphides.  If  the  overlying  sediments  are  later 
than  the  ore  deposition,  it  would  mean  that  the  orebodies  are  early 
Ordovician  or  late  Cambrian.  If  the  sediments,  however,  antedate  the 
period  of  ore  formation  it  becomes  impossible  to  determine  the  age  of 
the  orebodies. 
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Features  of  the  New  Copper  Smelting  Plants  in  Arizona 

Diflcuflsion  of  the  paper  of  A.  G.  McGregor,  presented  at  the  Arisona  Meeting, 
September,  1916,  and  printed  in  BuOetin  No.  116,  August,  1916,  pp.  1257  to  1279. 

L.  D.  RiCKETTS,  New  York,  N.  Y. — The  advance  which  has  been 
made  in  smelting  has  been  in  the  line  of  cheaper  cost  of  handling,  due  to 
larger  units  and  decrease  in  losses.  At  the  International  smelter,  Mr. 
McGregor  designed  everything  to  handle  the  ore  under-  cover.  But 
we  do  find  an  unaccounted  for  loss  of  0.7  per  cent,  of  our  copper,  which 
is  serious.  Mr.  Wallace  has  made  a  suggestion  that  I  think  metal- 
lurgists ought  to  know  of  and  think  about.  He  made  it  years  ago — and 
that  is  that  one  of  the  chief  losses  is  undoubtedly  in  the  charging  and 
discharging  of  the  calcine  cars.  His  idea  is  that  possibly  the  dryers 
and  heaters  might  be  put  immediately  over  the  reverberatories  so  that 
they  could  discharge  in  conveyors.  They  could  feed  on  both  sides, 
and  thereby  the  dust  raised  by  discharging  in  the  car^  from  the  hoppers 
could  be  overcome. 

E.  P.  Mathbwson,  Anaconda,  Mont. — I  might  say  a  few  words  on 
the  plants  we  have  visited  so  far.  I  was  particularly  struck  with  the 
cleanliness  of  the  plants,  which  is  next  to  Godliness.  1  noticed  also  that 
the  skuU-cracker  arrangement  they  have  for  handling  their  converter 
slag  is  very  good.  And  they  have  paid  considerable  attention  to  venti- 
lation, and  are  taking  steps  to  take  care  of  the  health  of  the  men.  **  Safety 
first"  has  been  well  looked  after  in  all  the  plants  we  have  visited  so  far. 
The  steel  structures  are  right  up  to  date,  and  the  buildings  are  of  the  most 
modern  type,  and  everything  is  conveniently  arranged.  I  think  the  de- 
signers of  the  plants  in  the  Southwest  are  to  be  congratulated  on  what 
they  have  done. 


The  Basic-Lined  Converter  in  the  Southwest 

Discussion  of  the  paper  of  L.  0.  Howard,  presented  at  the  Arizona  Meeting,  Sep- 
tember, 1916,  and  printed  in  Bulletin  No.  117,  September,  1916,  pp.  1539  to  1543. 

The  Chairbian  (Walter  Douglas,  New  York,  N.  Y.). — I  presume, 
gentlemen,  that  Mr.  Howard's  experience  with  the  Great  Falls  basic- 
lined  converter  has  been  as  regards  the  tonnage  produced  from  a  single 
lining,  perhaps,  a  world's  record.  About  6  months  ago  Mr.  Howard 
shut  down  and  tore  out  what  was  left  of  the  first  basic-lining  which  was 
installed  at  the  Old  Dominion,  the  lining  having^produced  something  over 
70,000,000  lb.  of  copper.  This  was  due  probably  not  only  to  the  very 
excellent  grade  of  the  matte  which  was  produced  by  the  smelter  there, 
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but  also  to  the  fact  that  after  the  tonnage  began  to  reach  record  pro- 
portions Mr.  Howard  lived  with  that  lining  night  and  day,  and  watched 
it  most  attentively.  May  we  hear  from  any  of  the  gentlemen  present 
with  reference  to  this  paper  of  Mr.  Howard? 

E.  P.  Mathbwson,  Anaconda,  Mont. — ^I  would  like  to  say  a  few 
words  in  regard  to  the  basic-lined  converter.  I  noticed  at  El  Paso  that 
they  had  not  adopted  the  Great  Falls  t3rpe  of  converter,  but  had  stuck 
to  the  Peirce-Smith  type  of  horizontal  converter.  This  type  has  certain 
advantages  over  the  Great  Falls  type  and  certain  disadvantages.  We 
have  in  the  Northwest  still  larger  furnaces  of  the  Great  Falls  type,  many 
of  them  20  ft.  in  diameter.  These  furnaces  are  doing  good  work,  due 
to  the  advantage  that  the  Great  Falls  converter  possesses.  The  sole 
disadvantage,  I  think,  is  that  in  tilting  the  furnace,  if  care  is  not  taken 
by  the  operator,  some  of  the  tuydres  are  under  a  greater  depth  of  matte 
than  others;  there  is  liable  to  be  splashing  and  loss  of  blast  from  this 
same  cause.  In  the  horizontal  type  the  tuyeres  are  at  the  same  level, 
and  the  level  can  hp  adjusted  to  meet  the  blast  available,  so  that  very 
little  splashing  residts.  There  is  a  disadvantage  on  the  other  hand  with 
the  horizontal  t3rpe  converter  in  that  it  is  hard  to  distribute  the  silica 
evenly  over  the  matte  without  making  several  openings.  This  difficulty 
is  not  met  with  in  the  Great  Falls  type,  as  the  silica  may  be  dumped 
without  care,  and  will  distribute  itself  evenly  over  the  matte.  But  it 
will  be  very  interesting,  as  I  say,  to  note  the  comparison  between  these 
two  types  on  a  similar  grade  of  matte.  As  I  imderstand,  the  matte  used 
at  El  Paso  is  about  the  same  grade  as  used  at  the  other  points  in  the 
Southwest  and  about  the  same  as  in  the  Northwest.  We  have  records 
of  our  furnaces  extending  back  over  2  years,  and  I  think  we  have  forgotten 
that  these  linings  have  any  life  limit.  A  little  care — ^which  means  that 
the  operator  must  not  be  careless — ^keeping  the  heat  down  to  reasonable 
limits,  and  you  will  not  have  difficulty  with  the  lining.  The  main  part 
of  the  lining  we  seem  to  be  able  to  make  last  indefinitely,  care  being  taken 
to  keep  the  silica  low  in  the  slag. 

KuNO  DoERR,  El  Paso,  Texas. — I  am  sorry  to  say  that  the  new  con- 
verter at  our  El  Paso  plant  was  put  into  use  only  about  10  days  ago, 
due  to  the  fact  that  we  have  had  difficulty  in  getting  magnesite  brick  to 
line  it  with.  This  converter  is  of  the  P-S  type,  13  ft.  in  diameter  by  30 
ft.  long,  whereas  our  old  Peirce-Smith  converters  are  only  10  ft.  in  diame- 
ter by  26  ft.  long.  In  the  few  days  in  which  the  new  converter  has 
been  in  operation  we  have  observed  a  great  improvement  in  it  over  the 
operation  of  the  old  converters.  It  has  a  large  stack,  or  gas  outlet,  and 
makes  practically  no  splash  at  all — ^that  is;  what  splash  there  is  goes  back 
into  the  converter  itself,  whereas  in  our  old  converters  we  have  had  a  great 
deal  of  trouble  from  accretions  in  the  stack  and  hoods,  and  there  has 
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been  a  very  large  amount  of  cleanings  to  take  up  and  resmelt.  Thus  far 
we  have  had  none  of  this  in  operating  the  new  converter. 

Our  average  blister  production  per  lining  in  the  10-ft.  Peirce-Smith 
converters  was  about  7,000  tons.  We  have  never  had  to  reline  the 
bottoms  of  any  of  our  converters,  and  our  repairs  usually  consist  of  re- 
lining  with  new  brick  in  the  tuyfere  zone  only.  A  patch  made  with6ut 
shutting  down  the  converter  except  between  blows  is  not  considered  in 
our  records  as  a  new  Uning,  but  any  shutting  down  and  cooling  off  of  the 
converter  for  repairs  terminates  our  production  record  per  lining.  Thus 
we  actually  get  much  more  than  7,000  tons  of  blister  on  the  average 
number  of  brick  in  a  converter  lining.  Our  mattes  vary  somewhat,  but 
will  not  run  much  under  or  much  over  40  per  cent,  copper. 

One  source  of  trouble  with  our  old  converter  installation  was  the 
fact  that  the  converters  were  not  served  by  electric  cranes,  but  aU  the 
matte  from  the  furnaces  to  the  converters  was  transported  in  open  ladles 
over  our  industrial  railway,  and  the  run  from  furnaces  out  onto  our  slag 
dump  and  back  again,  to  get  the  necessary  height,  was  about  ^  mile. 
The  consequent  cooling,  and  pouring  of  matte  into  converters  through 
launders  caused  some  of  the  troubles  we  had  from  accretions  and  excess- 
ive amount  of  cleanings;  but  the  greater  diameter  of  the  new  con- 
verter, larger  gas  outlet,  and  better  hood  are  principally  responsible  for 
the  improvement  we  have  accomplished. 

Mr.  Howard's  exceptional  record  of  long  life  of  linings,  I  imagine 
to  be  partly  because  he  has  had  the  pick  of  such  converter  silica  as  he 
has  wanted  to  use,  whereas  we,  being  in  the  customs  smelting  business, 
have  had  to  take  what  we  could  get. 

You  will  thus  observe  that  we  have  no  production  records  as  yet  that 
would  be  of  any  interest  concerning  our  new  converters,  but  next  year 
at  this  time  we  hope  to  be  able  to  give  a  good  account  of  our  big  con- 
verters. Our  10-ft.  Peirce-Smith  converters  consumed  about  9,000  ft. 
of  free  air  per  minute  at,  say,  12  lb.  pressure,  and  the  last  records  I 
secured  before  leaving  El  Paso  show  that  our  new  13-ft.  converter  is 
taking  20,000  ft.,  and  that  means  that  it  i^  doing  business. 
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Detennination  of  Dust  Losses  at  the  Copper  Queen  Reduction  Works 

Discussion  of  the  paper  of  J.  Moobb  Samuel,  presented  at  the  Arisona  Meetmgp 
September,  1916,  and  printed  in  BvUetin  No.  114,  June,  1916,  pp.  1079  to  1098. 

The  Chairman  (Walter  Doxtolas,  New  York,  N.  Y.). — ^Perhaps 
there  is  no  problem  that  causes  the  modem  metallurgist  more  -worry 
than  the  question  of  unaccounted  for  loss.  He  has  not  the  advantage 
of  the  metallurgist  of  the  early  days  here,  who  could  sleep  peaceably 
with  the  settled  conviction  that  there  were  certain  copper  mineral  c5on- 
stituents  of  the  ore  which  were  volatile,  and  there  was  therefore  nothing 
to  worry  about.  The  slag  contents  and  volatilization  accounted  for  the 
balance  of  the  copper  that  went  in  the  top  of  the  furnace  after  the  weigh- 
ing of  the  bullion.  There  have  been  great  strides  in  recent  years  to- 
ward reducing  this  loss.  Perhaps  the  Anaconda  company  is  the  one 
we  have  to  thank  for  the  original  pioneer  work  along  the  lines  which  we 
are  all  today  following.  We  would  be  glad  to  hear  from  some  gentlemen 
present  with  reference  to  their  experience  with  this  question  of  dust 


E.  P.  Mathewson,  Anaconda,  Mont. — ^You  mentioned  the  Anaconda 
company,  Mr.  Chairman.  I  woidd  like  to  say  something  about  what  we 
have  been  doing  there,  and  the  troubles  we  have  been  having.  We  have 
a  tremendous  volume  of  gas  to  handle.  We  adopted  the  system  of  large 
chambers,  lessening  the  velocity  of  gases,  and  incidentally  cooling  the  gas^. 
Unfortunately  in  one  sense  and  fortunately  in  another,  we  were  compelled 
to  increase  the  amount  of  gas  handled  in  the  flue  system,  and  the  results 
were  then  not  so  good.  Still,  we  get  a  very  good  recovery.  Our  system 
of  taking  a  sample  ia  similar  to  the  one  described  by  the  writer  of  the 
paper.  We  have  tried  all  kinds  of  apparatus'  for  getting  a  fair  sample. 
We  divided  th^  area  of  the  flue  into  imaginary  squares,  and  have  taken 
samples  for  a  certain  period  of  time  from  each  square;  and  have  used  the 
asbestos  bags.  At  present,  there  is  a  large  unit  of  the  Cottrell  apparatus 
almost  ready  to  connect  up  on  the  roaster  flue  to  catch  the  dust  from 
flotation  concentrates.  The  worst  things  smelters  have  to  handle  at  the 
present  day,  they  are  coming  in  the  Southwest  as  well  as  the  Northwest, 
are  of  material  much  of  which  is  as  small  as  500  mesh,  and  the  ordinary 
methods  of  catching  dust  will  not  apply  to  flotation  concentrates.  The 
Cottrell  process  is  going  to  be  tried  out  at  our  plant  for  this  material. 
We  have  devised  special  forms,  with  a  view  to  preventing  the  formation 
of  dust  from  this  material,  and  we  are  pleased  with  the  results  so  far 
obtained.  There  is  another  point  in  connection  with  this  subject  that 
I  want  to  put  before  the  members  here,  so  they  will  be  thinking  about  it. 
You  know  there  has  been  a  great  deal  of  Htigation  between  the  farmers 
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and  the  smelting  companies  on  account  of  the  damage  some  smelter 
smoke  causes.  In  the  early  dsys  at  Anaconda  we  were  turning  out  a 
great  deal  of  dust  from  our  small  flues  and  short  stacks.  That  we  over- 
came and  we  stopped  the  damage  to  such  an  extent  that  the  courts 
sustained  us  throughout,  and  proved  that  our  improvements  were  really 
improvements,  and  we  had  ceased  to  materially  damage  the  farmers  in 
our  vicinity.  The  one  thing  that  our  good  friends  of  the  Bureau  of 
Mines  are  apt  to  overlook  in  checking  up  smelters  is  the  fact  that  smelters 
must  be  run  on  a  commercial  basis.  Metallurgy  is  the  art  of  getting 
money  from  ore;  and  if  you  cannot  get  money  from  the  ore,  it  is  not 
metallurgy.  It  is  a  loss.  It  is  not  business,  either.  We  have  to  look 
out  for  that  when  we  figure  on  saving  the  material  in  the  gases.  There 
is  a  great  deal  of  good  material  in  the  gases  that  go  from  smelters,  and 
there  is  a  great  deal  of  material  that  is  not  good.  There  are  certain 
places,  as  in  the  center  of  Germany  and  England,  where  it  would  pay 
to  take  everything  in  the  gas  and  give  it  a  chemical  analysis,  separating 
each  element  and  putting  it  on  the  market.  The  best  thing  to  do  in 
handling  smoke  from  smelters  is  to  follow  nature's  laws  as  nearly  as 
possible.  If  you  take  the  smelter  smoke  and  drench  it  with  water,  you 
get  a  mixture  that  cannot  be  deposited  in  the  streams,  and  there  is  really 
nothing  than  can  be  done  with  it.  It  is  worse  than  if  you  let  the  smoke 
go  out,  without  attempting  to  purify  it.  If  you  cool  the  gases  to  a 
point  where  it  is  safe  to  put  them  through  a  bag  house,  you  get  sulphur 
dioxide  cooled  to  a  point  where  it  does  more  harm  than  if  you  had  let 
it  alone.  The  thing  to  do  is  to  find  a  happy  medium,  and  get  the  gases 
escaping  at  such  a  temperature  that  they  will  go  high  in  the  air 
and  diffuse.  Gases  do  not  diffuse  as  quickly  as  many  would  have  us 
believe. 

S.  J.  Jennings,  New  York,  N.  Y. — ^There  is  one  point  in  this  unac- 
counted for  loss  that  has  not  been  mentioned.  The  ore  when  received  at 
the  smelter  is  weighed,  and  in  most  cases  thereafter  is  dumped  on  to  a  bed, 
sometimes  from  a  greater  height  than  others,  but  always  from  some  height. 
When  you  have  the  dry  condition  that  obtains  in  the  Southwest  with  oc- 
casional high  wind,  you  are  going  to  have  a  dust  loss  before  it  gets  in  the 
furnace.  My  observations  this  morning  have  made  me  believe  that  this 
dust  loss  is  material.  I  was  interested  in  what  Mr.  Mathewson  had  to  say. 
We  have  in  Shasta  County,  a  smelter  which  treats  800  or  900  tons  of 
sulphide  ore  a  day.  '  It  is  putting  out  somewhere  in  the  neighborhood 
of  350  tons  of  sulphur  daily.  All  the  smoke  is  filtered  .so  that  the  gas 
which  is  going  out  of  the  stacks  of  the  bag  house  is  invisible.  The  gas 
that  comes  from  the  settlers  and  converter  is  likewise  led  into  the  bag 
house,  so  that  there  is  no  visible  smoke  in  the  smelter.  Yet,  some  15 
miles  away  from  that  smelter,  farmers  have  the  imagination  to  claim  that 
damage  is  being  done  by  sulphur  dioxide,  their  claim  being  that  sulphur 
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dioxide  forms  pistons  in  the  valley  of  the  Sacramento  River;  when  the 
wind  blows  with  the  river  current  the  pistons  of  concentrated  sulphur 
dioxide  travel  at  least  15  miles  and  cause  discoloration  of  v^etation. 
The  smelter,  on  the  other  hand,  claims  that  there  is  no  material  damage 
done  by  the  sulphur  dioxide-^that  other  things  cause  the  discoloration — 
and  the  smelter  thinks  it  has  proved  its  case.  The  material  that  results 
from  the  filtering  of  the  smoke  is  a  most  complex  fume,  containing  a 
great  many  of  the  rarer  elements — arsenic,  bismuth,  platinum,  copper, 
silver,  zinc  and  some  gold.  By  means  of  the  electrolytic  treatment 
of  zinc,  we  have  found  that  it  is  conunercially  profitable  to  treat  this 
fiune  which  has  acciunulated  for  some  4  or  5  years.  The  thing  to  do  is 
to  accumulate  all  material  containing  values  and  after  a  while  you  will 
find  a  process  by  which  a  profit  can  be  made.  That  seemed  to  be  our 
experience  in  Shasta  County. 

C.  E.  Arnold,  Miami,  Ariz. — I  shoidd  like  to  make  an  inquiry  bjb  to 
the  point  raised  by  Mr.  Jennings  regarding  dust  losses.  At  the  Inter- 
national smelter  at  Miami  it  is  noticeable  that  the  bedding  bins  are 
entirely  housed  in,  while  those  at  the  Calumet  and  Arizona  smelter  are 
exposed  to  the  action  of  the  winds.  It  would  be  interesting  to  hear  from 
Mr.  McGregor  whether,  in  this  particular,  the  design  at  the  Miami  plant 
was  influenced  by  the  experiencing  of  excessive  dust  losses  at  the  Calumet 
and  Arizona  plant. 

A.  G.  MgGregob,  Warren,  Ariz. — Of  course,  we  realized  that  there 
must  be  some  losses  from  the  wind  blowing  over  the  beds.  At  the  Inter- 
national Smelting  Co.'s  plant  at  Miami,  we  have  a  very  valuable  material 
to  handle,  and  we  wished  to  provide  against  all  losses  as  far  as  possible, 
so  we  housed  in  the  beds. 

The  Chairman. — ^The  question  seems  to  be  largely  a  commercial 
one,  that  is  how  great  expenditures  are  justified  in  order  to  increase 
the  savings  in  dust  and  fume.  A  plant  smelting  a  low-grade  furnace 
charge  can  hardly,  for  the  saving  obtained,  afford  to  install  a  process 
such  as  that  at  the  International  smelter  at  Miami,  where  the  charge  will 
run  from  25  to  35  per  cent.,  without  offsetting  the  savings  obtained  by 
an  increased  charge  which  would  exceed  the  commercial  profit  from 
the  operation. 

The  point  which  Dr.  Bicketts  makes,  that  there  may  be  a  considerable 
mechanical  loss  of  fines  from  the  bed  systems  in  the  Southwest  during 
the  high  winds  of  Spring,  is  well  taken  and  it  might  and  probably  would 
pay  to  enclose  the  ore  beds  to  obviate  or  reduce  this  loss. 

The  only  Cottrell  plant  constructed  in  Southwestern  smelters  is  that 
of  the  International  smelter,  and  I  hope  Dr.  Ricketts  can  give  us  some 
of  the  results  of  this  installation. 
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L.  D.  RicKBTTS,  New  York,  N.  Y. — Mr.  Chairman,  with  your  per- 
mission I  will  speak  about  the  loss.  I  thoroughly  believe  that  smelters 
should  not  allow  their  ore  to  drop  through  the  air  exposed  to  the  currents 
of  wind.  I  think  the  beds  ought  to  be  entirely  covered,  and  a  sprinkler 
used,  if  necessary.  The  men  need  not  be  where  the  beds  are  formed. 
At  the  Inspiration,  designed  by  Mr.  McGregor,  we  housed  in  the  beds 
on  account  of  the  rich  material — I  believe  that  this  was  suggested  by 
Mr.  Flynn — and  we  are  getting  results  that  lead  me  to  believe  that^it 
pays  to  house  the  beds. 

In  regard  to  Cottrells,  I  had  an  article  in  the  Engineering  and 
Mining  Journal  a  few  weeks  ago.*  I  believe  the  loss  of  values  in  the  use 
of  the  Cottrell  system  will  be  down  where  they  can  be  regarded  as  nil. 
Where  we  have  a  loss  it  is  in  turning  down  a  converter.  As  far  as  the 
material  from  the  converter  stack  is  concerned,  I  estimated  that  we  were 
losing  about  50  lb.  of  copper  a  day.  I  believe  that  the  Cottrell  system, 
as  an  element  in  the  recovery  of- value,  has  come  to  stay. 

The  dust  losses  from  the  reverberatory  furnaces  with  our  method  of 
feeding,  which  you  will  see  when  you  go  to  Globe,  are  so  slight  that  we 
do  not  feel  justified  in  putting  in  treaters  to  recover  the  copper  from  that 
smoke.  I  believe  this  corresponds  with  the  experience  with  the  dust 
chambers  for  the  amount  you  will  recover.  As  I  said,  our  most  serious  loss 
is  from  the  converter  and  from  the  charging  and  discharging  of  calcine  cars. 


Leaching  Tests  at  New  Cornelia 

Discussion  of  the  paper  of  H.  W.  Morsb  and  H.  A.  Tobelmann,  presented  at  the 
Arizona  Meeting,  September,  1916,  and  printed  in  BuUetin  No.  117,  September, 
1916,  pp.  1593  to  1610. 

The  Chairman  (H.  W.  Morse). — Gentlemen,  for  the  first  time  in  the 
history  of  the  American  Institute  of  Mining  Engineers,  we  have  a  full  ses- 
sion on  the  subject  of  leaching — especially  on  the  leaching  of  copper  ores. 
This  branch  of  metallurgy  is  rather  in  its  infancy.  We  have  had  one  big 
plant  running  for  a  year  or  more,  and  pretty  successfully;  and  another  one 
which  will  be  started  in  February  or  March,  the  New  Cornelia.  We  have 
another  one  at  Garfield  for  the  Utah  company,  which  is  just  designed  and 
construction  begun ;  and  from  several  other  points  come  reports  of  interest- 
ing test  work.  The  first  paper  on  the  program  this  evening  is  one  of  some 
of  the  test  work  on  the  New  Cornelia  ore  by  myself  and  Mr.  H.  A. 
Tobelmann. 

Lawrence  Addicks,  New  York,  N.  Y.  (written  discussion). — The 
Ajo  proposition  has  had,  as  I  understand  it,  two  great  advantages:  it 
has  not  been  obliged  to  measure  leaching  against  flotation  or  some  other 
metallurgical  process,  and  it  deals  with  a  copper  content  high  enough 

♦  Vol.  102,  No.  9,  p.  396  (Aug.  26,  1916). 
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to  pay  for  straight  sulphuric  acid-iron  cementation  work  if  forced  back 
upon  such  a  plan. 

These  advantages  have  made  it  possible  to  prosecute  a  consiBtent 
policy  of  development  along  straight  hydrometallurgical  lines. 

The  history  of  these  experiments  shows  a  series  of  investigations  into 
more  or  less  complicated  schemes  with  a  gradual  return  toward  sim- 
plicity, the  present  plan  involving  utilization  of  SOs  in  regular  acid- 
making  practice,  precipitation  of  excess  impurities  upon  the  ore  it-self, 
final  control  by  cementation  and  recovery  of  the  copper  by  the  use  of 
lead  anodes  along  more  or  less  copper-refinery  lines. 

This  is  about  as  simple  a  scheme  as  could  be  devised  in  true  cyclical 
form,  and  while  I  think  no  one  will  dispute  the  wisdom  of  adopting  just 
such  a  scheme  as  the  first  step  in  large-scale  operation,  I  venture  to  pre- 
dict that  as  experience  is  gained  in  actual  practice  the  tendency  will  be 
to  return  to  greater  complication,  as  one  item  after  another  can  be 
examined  separately  and  tested  for  cost.  The  great  difficulty  in  launch- 
ing a  leaching  process  lies  in  the  multiplicity  of  interrelated  problems 
which  must  at  first  be  dealt  with  jointly.  Also  in  the  fact  that  no  two 
ores  seem  to  present  identical  problems  for  solution. 

I  think  this  feeling  I  have  outlined  is  exemplified  by  the  discussion 
of  the  reasons  for  choosing  lead  anodes  as  given  in  the  paper  and  I  want 
to  add  a  few  words  to  this  discussion. 

The  crux  of  the  whole  electrolytic  problem  lies  in  the  mechanism 
of  the  oxidation  and  reduction  of  iron  sulphate.  A  carbon  anode  must 
be  thoroughly  depolarized  or  the  Uberated  oxygen  will  attack  the  anode 
itself  and  the  graphite  will  disintegrate  leaving  a  valueless  sludge.  In 
the  case  of  a  lead  anode,  lead  peroxide  and  lead  sulphate  are  formed  but 
the  disintegration  is  very  slow  as  these  substances  form  more  or  le^ 
adherent  and  conducting  coatings.  This  means  that  with  carbon  anodes 
we  impose  at  once  the  necessity  of  dealing  with  the  entire  equivalent  of 
ferric  sulphate  if  ferrous  sulphate  be  the  depolarizer.  With  lead  anodes 
the  issue  can  be  largely  but  not  wholly  dodged  through  the  escape  of 
elemental  oxygen.  This  in  turn  leads  to  the  necessity  of  thorough  circu- 
lation in  the  case  of  carbon  anodes  as  against  indifferent  circulation  in 
the  case  of  lead. 

Thorough  circulation,  however,  results  in  intimate  contact  between 
the  cathode  and  the  ferric  sulphate  in  the  electrolyte  with  the  natural 
and  undesired  reaction  between  these  two  substances. 

Therefore,  the  price  of  our  increased  recovery  of  copper  per  kilo- 
watt-hour is  the  obligation  to  keep  liquors  running  more  than  some  0.2 
per  cent.,  and  preferably  much  less,  in  ferric  sulphate,  away  from  inti- 
mate contact  with  the  cathode,  which  means  either  a  diaphragm  or  an 
efficient  utilization  of  SOs  or  other  reducing  agent. 

Everyone  who  has  advocated  the  first  remedy  has  come  to  grief, -except 
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possibly  Hybinette  in  his  two-level  system  in  copper  nickel  refining,  and 
everyone  who  has  wrestled  with  the  second  problem  has  found  that  there 
are  intermediate  and  as  yet  little-understood  reactions  to  be  dealt  with. 
Nevertheless,  I  believe  that  as  continued  operation  gives  experience  and 
opportunity  for  experiment,  a  way  out  of  these  di£Biculties  will  be  foimd 
and  the  carbon  anode  yet  succeed  in  the  practical  electrolysis  of  sidphate 
solutions. 

G.  D.  Van  Aksdale,  New  York,  N.  Y. — ^Both  those  responsible  for 
the  tests  of  which  the  results  are  given  in  this  paper  and  the  Institute 
are  to  be  congratulated;  the  first  for  the  successfid  results  finally  obtained 
on  a  di£Bicult  and  new  problem,  and  the  profession  on  the  liberal  policy 
which  made  possible  the  publication  of  this  very  valuable  summary  of 
practical  leaching  data. 

The  thoroughness  and  care  with  which  this  work  has  been  done  may 
be  judged  from  the  time,  nearly  4  years,  during  which  these  experiments 
have  been  carried  on. 

It  is  especially  gratifying  to  the  writer  that  some  of  the  main  points 
developed  during  the  series  of  experiments  on  leaching  by  Phelps,  Dodge 
&  Co.  at  Douglas  have  been  entirely  borne  out  by  this  work;  the  first  of 
these  being  that  ferric  iron  can  be  controlled  by  the  use  of  sulphur -dioxide, 
the  second  that  solutions  that  had  previously  been  considered  entirely 
too  "foul"  as  an  electrolyte  for  copper  deposition  can  safely  be  used,  and 
the  third  that  by  the  use  of  depolarization  the  anode  problem  is  entirely 
solved,  either  by  lead  or  graphite,  both  of  which  had  previously  been 
considered  as  impossible  for  electrolysis  of  sulphate  solutions  of  copper. 

The  paper  is  particularly  valuable  in  giving  a  discussion  of  the  con- 
clusions leading  to  the  adoption  of  the  final  process  by  the  New  Cornelia 
company  and  as  bearing  on  their  choice  of  lead  instead  of  graphite  as 
an  anode  material.  My  reason  for  discussing,  and  to  some  extent  differ- 
ing from,  these  conclusions  is  that  I  feel  that  from  the  results  of  Phelps, 
Dodge  &  Co.'s  work  it  is  necessary  to  emphasize  the  fact  that,  while  the 
choice  of  lead  in  this  case  may  be  undoubtedly  justified,  yet  there  are 
conditions  under  which  graphite  should  be  selected  and  these  conclu- 
sions therefore  should  not  be  taken  as  general  conclusions  against  its 
use  under  other  sets  of  conditions. 

Graphite,  which  was  first  used  under  the  writer's  direction  on  a  con- 
siderable experimental  scale  as  an  anode  material  for  this  kind  of  work, 
before  this  time  had  been  considered  as  absolutely  unsuitable  for  the 
electrolysis  of  sulphate  solutions  of  copper.  I  have  a  letter  from  the 
manufacturers  in  which  this  statement  is  made,  and  the  same  thing  is 
stated  in  Greenawalt's  book  on  copper  leaching.  There  is  no  doubt  that 
its  use  has  certain  practical  disadvantages,  the  principal  one  of  these 
being  that  a  tank-room  ventilation  system  will  probably  be  needed  to 
enable  it  to  be  used.    While  this  means  a  radically  different  tank-room 
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design,  it  need  not  mean  anything  at  all  impracticable  or  leading  to 
increased  tank-room  costs  beyond  the  negligible  amount  of  power  for 
ventilation.  On  the  other  hand,  its  use  has  very  considerable  points  in 
its  favor  which  in  my  opinion  outweigh  those  against  it,  generally 
speaking. 

Regarding  its  durability,  I  believe  it  is  entirely  safe  to  say,  from  the 
residts  of  careful  tests  made  by  Phelps,  Dodge  &  Co.,  that  under  proper 
and  easily  controlled  conditions  its  depreciation  costs,  or  in  other  words 
the  amount  of  disintegration,  per  pound  of  copper  produced  will  be 
negligible.  I 

The  ampere  efficiency  of  graphite  is,  as  stated,  badly  reduced  by  a 
ferric  iron  content  of  electrolyte,  with  which  still  fair  efficiencies  may  be 
had  with  lead,  this  meaning  as  stated  the  maintaining  of  a  limit  of 
about  0.2  per  cent,  ferric  iron  for  graphite  as  against  a  limit  of  about 
OA  per  cent,  with  lead.  It  should  be  carefully  noted,  however,  that  as 
regarding  the  amount  of  power  per  pound  of  copper  produced  a  reduced 
ampere  efficiency  at  a  voltage  of  about  1  volt  does  not  mean  nearly  as 
much  as  the  same  reduction  with  a  voltage  of  over  2  volts.  In  other 
words,  one  of  the  very  considerable  practical  advantages  of  graphite 
is  the  much  lower  voltage  at  equal  current  densities  with  lead.  Hoard- 
ing the  ampere  efficiency  obtainable  with  graphite,  it  is  possible  that  a 
casual  reading  of  the  paper  under  discussion  might  lead  to  the  conclusion 
that  a  low  ampere  efficiency  was  characteristic  of  graphite.  That  this 
is  not  true  was  proved  conclusively  by  Phelps,  Dodge  &  Co.  in  a  series 
of  tests  last  summer  which  demonstrated  that  it  is  commercially  practical 
to  keep  the  ferric  iron  under  0.2  per  cent,  and  under  these  conditions  to 
obtain  fully  as  good  or  better  efficiencies  than  those  cited  in  the  present 
paper,  with  yields  over  a  considerable  period  of  3  lb.  of  copper  per  kilo- 
watt-hour at  a  current  density  of  about  12  amp.  per  square  foot,  which 
it  should  be  noted  is  76  per  cent,  in  excess  of  the  average  current  density 
as  given  in  the  table  on  page  1600  of  the  paper  under  discussion.  With 
the  lower  current  densities  as  given  in  this  paper,  our  poimds  of  copper 
per  kilowatt-hour  would  have  been  still  higher. 

It  is,  of  course,  not  reasonable  to  expect  that  a  high  SOs  reduction 
efficiency  will  be  obtained  if  the  SOs  is  blown  out  of  the  solution  before 
it  has  had  time  to  act.  In  the  worst  case,  this  factor  of  the  time  needed 
for  the  reduction  of  ferric  iron  by  SOi  means  a  large,  though  not  at  all 
prohibitive,  storage  capacity,  and  it  may  be  stated  that  one  of  the  re- 
sults of  oiu:  work  at  Douglas  last  summer  was  to  demonstrate  that  the 
ferric  iron  can  be  kept  within  our  0.2  per  cent,  limit  by  a  storage  of  a 
portion  only  of  the  main  solution. 

It  is  true  that  the  anodic  efficiency  of  graphite  is  as  stated  on  account 
of  air  agitation  over  100  per  cent.,  that  of  lead  being  30  to  35  per  cent. 
Expressed  in  another  way,  however,  this  means,  with  anything  like  a 
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reasonable  SOs  reduction  efficiency  which  can  be  had  as  we  have  shown, 
for  practical  purposes  that  the  amount  of  acid  regenerated  by  lead  is 
much  less  than  with  graphite.  Now  if  one  has  an  acid  plant  already 
built  or  ordered  or  intends  to  erect  one,  the  comparatively  small  amount 
of  acid  produced  by  the  use  of  lead  anodes  is  not  so  important,  but  where 
this  is  not  the  case  this  considerable,  extra  amount  of  acid  produced  by 
the  use  of  graphite  is  a  considerable  practical  advantage  in  its  favor. 
Where,  as  in  this  case,  an  ore  does  not  require  more  than  3  lb.  of  acid 
for  leaching  per  pound  of  copper  produced,  the  amount  of  acid  regenerated 
by  the  use  of  the  graphite  system  will  be  ample  for  leaching  pxirposes. 
A  comparison,  therefore,  between  the  two  systems  should  include  the 
cost  of  an  acid  plant  against  lead  as  regards  installation  costs,  and,  as 
regards  operating  costs,  the  extra  cost  of  acid  needed  together  with 
freight  if  brought  from  a  distance.  It  seems  to  me,  therefore,  that  the 
statement  in  point  1  of  the  summary  on  page  1607  should  include  this 
factor. 

Without  intending  criticism  of  the  decision  made  in  this  particular 
case,  I  believe,  nevertheless,  that  the  following  comparison  as  to  the 
relative  merits  of  lead  and  graphite  will  be  true  and  more  generally 
applicable  than  those  given. 

1.  Installation  costs  for  the  two  systems  will  be  about  the  same, 
except  that,  where  an  ore  requires  more  than  l^i  lb.  of  acid  per  pound  of 
copper  produced,  the  additional  costs  of  an  acid  plant  plus  railroad 
equipment  for  carrying  it  when  produced  at  a  distance  from  the  leaching 
plant,  plus  storage  tanks,  piping,  etc.,  at  the  leaching  plant,  must  be 
charged  against  lead. 

2.  Careful  determinations  extending  over  a  considerable  period 
have  shown  that  the  disintegration  of  graphite  and  its  consequent  depre- 
ciation per  pound  of  copper  produced  is  negligible.  The  prevention  of 
graphite  anode  disintegration  means  simply  maintaining  the  conditions 
necessary  for  proper  depolarization.  When  this  is  done  graphite  will 
not  disintegrate  appreciably,  but  if  these  conditions  are  not  maintained 
it  will  go  rapidly.  Exactly  the  same  thing  is  true  for  lead,  but,  since 
the  anodic  efficiency  of  lead  is  only  one-third  that  of  graphite,  the  dis- 
integration of  lead  anodes  under  the  same  service  may  be  expected  to  be 
at  least  as  rapid  as  graphite. 

3.  Peroxidized  lead  detached  from  an  anode  will  be  lost,  and  the 
scrap  value  of  partly  peroxidized  and  badly  corroded  lead  anodes,  when 
high  freight  rates  are  considered,  will  not  be  very  high.  Furthermore, 
when  the  slow  rate  of  disintegration  of  graphite  anodes  finally  reduces 
their  thickness  very  appreciably,  they  can  be  reassembled  and  the  scrap 
loss  reduced  thereby  to  a  small  amount. 

4.  The  power  required  for  precipitation  with  lead  is  at  least  three 
times  that  for  graphite  \mder  the  same  conditions. 
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5.  More  than  twice  as  much  acid  is  r^enerated  with  graphite  as 
with  lead.  This,  as  stated  above,  means  not  only  an  extra  installation 
but  also  an  extra  operating  cost  for  this  additional  acid  needed,  when 
lead  is  used. 

6  and  7.  Since  the  anodic  efficiency  of  graphite  is  very  high,  higher 
circulation  and  some  form  of  agitation  in  the  cells  are  required.  In 
this  connection  it  may  be  stated  that,  although  air  agitation  has  been 
used  in  the  work  at  Douglas  with  good  results  in  some  respects,  I  have 
never  been  in  favor  of  this  method  of  agitation  as  compared  with  others, 
unless  more  than  3  lb.  of  acid  per  pound  of  copper  are  needed.  The 
excess  anode  efficiency  over  100  per  cent,  is  of  course  mainly  due  to  the 
oxidation  caused  by  the  air,  and  it  is  clearly  illogical  to  use  an  oxidizing 
agent  for  mechanical  purposes  where  reducing  conditions  are  wanted. 

8.  The  extra  storage  capacity  needed  for  the  time  of  reduction  by 
SOs  as  shown  above  need  not  be  more  than  a  fraction  of  the  total  solution 
bulk.  Furthermore,  if  a  good  SOi  reduction  is  obtained,  the  tank-room 
ventilation  difficulties  are  correspondingly  reduced. 

9.  and  10.  Since  the  anodic  efficiency  of  graphite  is  three  times  that 
of  lead,  it  of  course  necessarily  follows  that  larger  tower  capacity  and 
greater  volume  of  solution  sent  to  these  are  required.  However,  the 
saving  in  installation  by  not  needing  an  add  plant  will  pay  for  this  and 
the  extra  storage  capacity  needed  under  the  preceding  paragraph  at 
least  several  times  over. 

11.  The  point  of  the  necessary  tank-room  ventilation  has  already 
been  spoken  of. 

12.  I  must  disagree  absolutely,  so  far  as  my  experience  goes,  with 
this  conclusion  as  to  tank-house  capacity  being  necessarily  larger  with 
graphite  than  with  lead.  While  the  cost  of  power  is  an  important  factor 
in  this  connection,  we  have  not  considered  for  oiu*  requirements  that  the 
low-current  densities,  averaging  6.8  amp.  given  in  the  paper,  are  eco- 
nomical under  our  conditions,  and  the  figures  we  have  obtained  with  cur- 
rent densities  around  12  amp.  per  square  foot,  in  which  average  ampere 
efficiencies  at  this  higher  density  fully  equal  to  or  better  than  those 
given  in  the  paper  and  obtained  over  considerable  periods  appear  to 
throw  this  comparison  decidedly  in  favor  of  graphite. 

13.  It  is  a  little  difficult  to  see  just  why  operation  with  graphite 
anodes  will  be  any  less  "fool-proof"  than  with  lead.  Granted  that  the 
conditions  for  keeping  the  ferric  iron  below  our  limit  are  known,  I  cannot 
see  any  reason  whatever  for  requiring  any  more  care  or  skill  for  main- 
taining this  limit  than  for  maintaining  an  equally  vital  one  differing  from 
this  by  only  0.2  per  cent. 

My  opinion,  not  expressed  as  a  criticism  of  the  decision  made  in  this 
particular  case,  but  as  a  general  one,  is  that  the  advantages  and  un- 
doubted lower  operating  costs  of  graphite  decidedly  outweigh  those 
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with  lead.  In  other  words,  it  would  only  be  considered  advisable  under 
very  exceptional  conditions  to  make  the  very  large  additional  investment 
required  for  an  acid  plant  over  and  above  the  acknowledged  nearly  equal 
costs  of  the  two  systems,  and  still  with  this  extra  investment  to  obtain 
a  higher  operating  cost. 

The  Chairmak. — I  would  like  to  say  that  Mr.  Van  Arsdale  should  be 
thanked  for  a  good  many  discussions  and  arguments,  and  that  the  con- 
versations and  arguments  with  him  were  of  very  great  advantage  to  us 
in  this  work  at  the  New  Cornelia;  and  in  a  good  deal  of  what  he  says  I 
would  agree.  It  is  highly  probable  that  we  will  be  able  some  day  to 
work  out  the  use  of  graphite  to  make  a  saving  in  power  cost,  and  to  gener- 
ally improve  the  process.  As  far  as  we  could  see  from  the  test  at  the 
New  Cornelia,  this  was  going  to  be  a  di£Bicult  imdertaking,  so  we  decided 
to  put  it  off  for  a  few  years.  I  think  we  will  later  come  back  to 
large-scale  tests  on  the  use  of  graphite.  Certainly  the  gain  to  be  expected 
when  this  has  been  worked  out  is  a  great  one.  I,  personally,  was  sorry 
to  stop  the  research  work  on  the  graphite. 

S.  J.  JiGNNiNOB,  New  York,  N.  Y. — ^I  would  like  to  ask  for  some  in- 
formation. I  see  that  this  paper  has  considered  merely  two  kinds  of 
insoluble  anodes,  lead  and  graphite.  I  understand  a  considerable 
amount  of  work  has  been  done  with  other  insoluble  anodes  and  I  would 
like  to  ask  if  tests  have  been  made  at  New  Cornelia  with  any  other 
insoluble  anode  such  as  fused  magnetite. 

The  Chairman. — We  have  made  none  at  Cornelia,  except  with  lead 
and  graphite,  and  a  mixture  of  the  two — that  is,  coke  cast  in  lead. 

F.  S.  ScHiMBRKA,  Clifton,  Ariz. — In  connection  with  the  paper  pre- 
sented, I  wish  to  ask  the  question  why  the  process  of  precipitating  the 
ferric  iron  in  a  neutral  liquor  on  fresh  ore  was  not  finally  employed  and 
preference  given  to  the  introduction  of  sulphur  dioxide  to  effect  the 
elimination  of  trivalent  iron? 

In  regard  to  the  use  of  lead  anode  sheets,  I  would  like  to  know  whether 
lead-covered  iron  grates  would  be  applicable,  and  I  ask  this  question 
because  I  remember  that  I  have  seen  such  anodes  employed  in  liberator 
tank  practice  but  have  not  been  able  to  collect  data  concerning  their 
efficiency  compared  with  that  of  solid  sheets  used  for  the  same  purpose. 

The  Chairman. — That  was  the  basis  for  starting  the  large  plant. 
In  the  7-ton  plant  and  in  the  40-ton  plant,  at  first,  the  ferric  iron  was 
precipitated,  but  later  for  an  unknown  reason  we  got  no  such  result, 
the  ferric  iron  going  up  and  the  ampere  efficiency  going  down. 

C.  G.  GRABiLL,Matehuala,  Mex. — ^I  would  like  to  ask  if  it  was  pos- 
sible that  the  difficulties  arose  from  the  depth  of  ore  in  the  two  tanks. 
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In  the  first  one  you  have  a  small  volume  of  solution;  and  in  the  second, 
you  have  a  very  much  larger  body  of  solution.  In  the  first  condition, 
with  the  small  volume,  you  have  much  more  air  present  and  oxidation 
taking  place.  If  the  charge  is  increased — ^rather,  if  the  percentage  of 
the  solution  is  increased — ^that  condition  does  not  obtain  in  the  latter 
part  of  the  action.  I  would  like  to  ask  if  you  have  done  any  work  along 
that  line — to  investigate  that  point? 

The  Chairman. — ^That  is  one  quei^ion  we  left  to  find  out  in  the 
5,000-ton  plant.    Mr.  Flynn,  have  you  anything  to  say? 

F.  N.  Fltnn,  Clifton,  Ariz. — The  leaching  that  we  did  at  Clifton, 
for  something  over  20  years,  was  the  simple  process  of  an  acid  leach, 
with  iron  precipitation,  and  the  wasting  of  all  liquors.  The  modem 
leaching  which  you  are  about  to  attempt  is  something  which  you  have 
developed  and  proven  to  your  entire  satisfaction  and  until  such  time  as 
it  is  working  out,  practically,  I  don't  feel  that  I  would  have  any  criticism 
to  make.  I  don't  feel  competent  to  criticize.  It  does  seem  to  me  that 
you  are  working  in  the  right  direction.  The  only  question  that  comes 
to  my  mind  is  the  percentage  of  liquors  you  will  have  to  throw  away. 
That,  I  understand  you  have  worked  out  to  your  entire  satisfaction. 

The  Chairman. — I  think  that  6  months'  operation  of  the  big  plant 
will  make  us  all  feel  more  confident  than  we  do  now. 

Stuart  Croasdale,  Denver,  Colo,  (communication  to  the  Secre- 
tary*).— I  think  the  New  Cornelia  ores  at^Ajo  may  be  considered  as 
typical  of  all  copper  ores  in  the  United  States  that  are  amenable  to  acid 
leaching  in  a  raw  condition,  since  all  known  ores  of  this  kind  contain  a 
certain  amount  of  soluble  iron  oxides  and  alumina  which  will  be  a 
contending  factor  in  electrolytic  precipitation  of  the  copper. 

It  is  interesting  to  observe  that  the  results  obtained  by  the  authors 
have  verified  in  almost  every  instance  the  predictions  made  before  they 
started,  yet  their  work  has  been  so  efficiently  and  thoroughly  done  that 
it  forms  a  most  valuable  contribution  to  the  hydrometallurgy  of  copper, 
and  particularly  to  the  section  on  electrolytic  precipitation.  They  are 
to  be  congratulated  on  having  such  an  opportunity  to  definitely  advance 
our  knowledge  so  much  in  this  direction. 

I  regret  that  one  thing  more  was  not  tried,  at  least  on  a  laboratory 
scale,  and  that  is,  roasting  the  ore  before  leaching.  In  the  Ajo  ores  the 
iron  exists  in  all  forms  of  oxidation  from  chalcopyrite  to  ferric  oxide. 
The  processes  of  nature  have  been  so  gentle  that  much  of  this  iron  is  as 
easily  soluble  as  freshly  precipitated  hydroxide.  Aluminous  compounds 
in  the  rock  also  exist  in  all  stages  of  kaolinization  and  are  likewise  soluble 
in  dilute  acids.    A  slight  roast  would  oxidize  all  of  the  iron,  including  the 

*  Received  Sept.  29,  1916. 
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residual  pyrite,  to  ferric  oxide  and  would  dehydrate  the  aluminous 
compounds  and  salts  to  the  oxide.  Since  ignited  ferric  and  aluminum 
oxides  are  not  readily  soluble  in  dilute  acid,  it  wotdd  seem  that  tUe 
lixivium  obtained  from  roasted  ore  would  be  practically  free  from  dele- 
terious salts,  which  would  obviate  the  necessity  of  depolarizing  and 
"bleeding."  Assuming  this  to  be  true  and  the  solubility  of  the  copper 
oxide  not  diminished,  the  cost  of  roasting  would  be  compensated  by  the 
recovery  of  the  copper  now  held  in  the  tailings  as  sulphide,  which  is 
likely  to  be  in  ever  increasing  quantity,  and  as  soluble  copper  retained 
by  the  argillaceous  material;  also  by  the  expense  of  roasting  p3rrite  to 
produce  sulphur  dioxide,  and  by  the  expense  of  precipitating  part  of  the 
copper  on  scrap  iron  at  each  cycle  of  the  lixiviant. 


The  2,000-Ton  Leaching  Plant  at  Anaconda 

Discussion  of  the  paper  of  Fbederick  Laist  and  Harold  W.  Aldrich,  presented  at 
the  Aiisona  Meeting,  September,  1916,  and  printed  in  Bulletin  No.  116,  August, 
.     1916,  pp.  1281  to  1293. 

F.  N.  Flynn,  Clifton,  Ariz. — I  would  like  to  ask  Mr.  Mathewson 
what  percentage  of  his  leaching  liquor  is  wasted  at  this  time?  It  has  a 
bearing  on  the  question  in  connection  with  the  New  Cornelia,  and  I 
think  it  is  a  very  important  question. 

E.  P.  Mathewson,  Anaconda,  Mont. — I  am  not  sure  what  the  per- 
centage is  now,  but  we  don't  discard  the  strong  liquors.  Something 
like  25  per  cent,  of  the  wash  water  taken  out  each  day  is  sent  over  a 
special  set  of  scrap  iron  tanks,  and  the  copper  recovered  there.  We  bad 
a  little  trouble  at  first.  We  did  not  proceed  to  use  the  sponge  iron  for 
the  reason  that  the  plant  we  originally  contemplated  was  abandoned  for 
flotation.  Our  original  idea  was  to  use  a  leaching  process  on  all  the 
tailings  of  the  mill,  but  we  found  it  would  take  a  great  deal  of  time  to 
build  a  plant;  and  the  cost  of  operating  the  plant  we  estimated  to  be 
about  the  same  and  the  recovery  the  same.  It  was  a  question  of  time 
with  us,  and  we  decided  to  adopt  flotation.  That  changed  our  plans. 
We  now  have  the  leaching  plant,  treating  the  tailings  of  the  old  dump, 
and  the  flotation  applied  to  the  current  tailings.  The  sponge  iron  was 
figured  for  the  lai^e  plant.  We  can  get  all  the  scrap  iron  necessary 
for  the  small  plant — ^plenty^from*the  scrap  produced  in^the  main  plant 
of  the  smelter. 
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Possibilities  in  the  Wet  Treatment  of  Copper  Concentrates 

EHscussion  of  the  paper  of  Lawbbncb  Addickb,  presented  at  the  Aiisona  Meeting, 
September,  1916,  and  printed  in  BvUetin  No.  117,  September,  1916,  pp.  1565 
to  1573. 

F.  N.  Flynn,  Clifton,  Ariz. — Aa  a  number  of  my  associates  in  Arizona 
know,  for  a  great  many  years,  I  have  felt  that  leaching  was  one  of  the 
coming  problems.  We  are  about  to  start  experiments  at  Clifton,  along 
the  idea  of  leaching  wet  flotation  concentrates  direct,  without  roasting — 
differing  in  this  respect  from  Mr.  Addicks'  suggestion.  We  are  prompted 
in  starting  these  investigations  by  the  difficulty  in  transporting  and 
handling  flotation  concentrates,  and  consideration  for  drying  and 
roasting  dust  losses.  I  have  had  the  idea  for  5  or  6  years  past,  that 
those  very  fine  concentrates  cotdd  best  be  treated  by  leaching  at  the 
concentrating  plant,  thus  eliminating  our  transportation  difficulties  to 
the  smelter,  and  dust  losses  at  the  smelter.  Given  flotation  concen- 
trate, if  it  must  be  dried  and  roasted,  it  would,  in  our  case,  undoubt- 
edly be  cheaper  to  smelt  the  calcine,  but  if  it  can  be  leached  raw  and 
wet  and  the  drying  difficulties  and  dust  loss  eliminated,  it  would  be 
very  advantageous  to  leach  it  at  the  mill.  I  realise  that  it  will  be  a 
difficult  problem,  and  one  which  may  take  several  years  to  devdop, 
but  if  developed,  it  would  pay  for  many  years'  expense  of  investigation, 
and  we  have  been  encouraged  by  our  general  manager  to  investigate  its 
merits. 


General  Subject  of  Leaching 

Diflcuflsion  at  the  Arisona  Meeting,  September,  1916. 

The  Chaibmak  (H.  W.  Mobsb,  Los  Angeles,  Cal.). — ^I  would  like 
to  open  this  meeting  for  a  Utile  while  to  the  general  subject  of  leaching. 
We  ought  not  to  hold  back  if  we  have  any  new  schemes  for  the  future. 
I  know  that  those  of  us  who  are  tangled  up  with  this  leeching  work 
will  appreciate  any  suggestions  that  will  make  us  work  harder  and  scheme 
harder  to  pull  through  these  past  difficulties  on  leaching. 

F.  S.  ScmMERKA,  Clifton,  Ariz. — ^Under  the  direction  of  J.  W.  Bennie, 
General  Manager  of  the  Shannon  Copper  Co.,  Qifton,  Ariz.,  it  has  been 
my  valued  privilege  to  cooperate  in  the  elaboration  of  a  hydrometallurgieal 
process  aiming  at  the  recovery  of  copper  in  mill  tailing  resulting  from  a 
gravity  concentration  of  a  low-grade  semi-oxidized  sulphide  ore  occurring 
in  a  porphyritic  gangue. 

The  experimental  work  which  has  been  carried  on  with  a  25-ton  plant 
is  completed,  and  the  company  is  building  at  present  a  leaching  plant 
on  a  larger  scale,  the  first  unit  consisting  of  a  150-ton  roasting  furnace 
and  accessories  for  leaching  the  calcine. 
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I  wish  to  lay  before  you  only  the  most  essential  points  of  our  process, 
the  outstanding  feature  of  which  is  the  non-application  of  acids  or  any 
other  chemical  in  the  leaching  operation  proper.  After  a  sulphatizing 
roast  conducted  under  well-defined  conditions  in  a  mechanical  roasting 
furnace  of  the  multiple-deck  type,  the  calcine  is  treated  with  water  only. 
The  separation  of  the  copper  Uquor  will  be  effected  by  decantation,  and 
the  copper,  at  least  for  the  present,  precipitated  by  scrap  iron.  The 
character  of  the  tailing,  which  is  highly  basic  and  remains  so  even  after 
roasting,  prohibits  the  application  of  sulphuric  acid,  which  is  consumed 
to  the  amount  of  more  than  10  lb.  for  each  pound  of  copper  dissolved  from 
the  calcine.  Our  mill  tailing,  all  of  which  passes  through  a  1-mm. 
opening,  contains  an  average  of  20  lb.  of  copper  to  the  ton,  1  per  cent.» 
we  may  say.  Fifty-five  per  cent,  and  more  of  the  total  copper  is  present 
in  oxidized  condition,  mainly  as  malachite  and  azuhte,  the  balance  is 
chalcocite.  Sulphur  is  present  in  the  amount  of  1  per  cent.,  mostly  as 
pyrite.  The  precious  metals  are  practically  absent,  and  that  no  attempt 
at  their  recovery  need  be  made  has  materially  simplified  our  working 
procedure. 

The  manner  in  which  the  roasting  of  the  raw  tailing  is  conducted  is, 
of  course,  vital  to  the  process,  there  being  no  other  means  employed  to 
convert  most  of  the  copper  into  water-soluble  sulphate  than  the  agencies 
of  heat,  oxygen  and  sulphur  during  the  passage  of  the  material  through 
the  furnace.  A  close  regulation  of  the  temperature  in  the  roaster  by 
means  of  pyrometer  control  is  essential.  Tests  have  shown  that  the 
re-formation  of  water-insoluble  basic  copper  sulphate  and  oxide  takes 
place  when  the  temperature  rises  closely  to  900°F.,  and  we  aim  at  keeping 
the  temperature  on  the  hottest  floor  between  830  and  860°F.  We  have 
encountered  no  difficulty,  in  accompUshing  this.  It  is,  however,  neces- 
sary to  limit  the  amount  of  sulphur  in  the  charge  to  a  quantity  which  in 
an  empirical  way  has  been  foimd  to  produce  the  best  results,  and  which 
excludes  the  possibility  of  local  overheating,  as  would  take  place  by  the 
oxidation  of  a  large  amount  of  pyrite.  Moreover,  any  excess  sulphur 
will,  by  formation  of  sulphur  dioxide,  decrease  considerably  the  oxidizing 
effect  of  the  hot  gases  striking  through  the  furnace.  Our  roaster  gases 
contain  less  than  0.1  per  cent,  of  sulphur  dioxide  when  issuing  from  the 
stack.  For  these  two  reasons,  we  aim  at  keeping  the  charge  as  poor  in 
sulphur  as  we  can  afford  to  do  without  injurious  effect  upon  results. 
Taking  the  copper  contents  in  the  tailing  as  a  basis,  we  adjust  the  sulphur 
in  the  charge  to  IJ^  lb.  for  each  pound  of  copper  in  the  tailing.  This- 
necessitates  the  addition  of  J^  per  cent,  of  sulphur  to  the  charge  in  the 
form  of  iron  pyrite. 

For  fuel  we  employ  oil  burned  in  an  external  firebox,  which  is  air- 
jacketed  to  prevent  loss  by  radiation.  The  fire  gases  which,  mixed  with 
the  required  volume  of  air  admitted  through  openings  in  the  firebox,  at 
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the  entrance  into  the  furnace,  are  kept  at  800°F.,  are  sent  into  the  10- 
deck  roaster  on  the  ninth  floor.  We  do  not  employ  muffles.  The  fuel 
consumption  in  the  25-ton  roastef  was  6  gal.  of  oil  per  ton  of  tailings 
treated,  frequently  less,  and  we  are  confident  that  we  can  decrease  it 
to  3  or  3K  g^*  At  the  most  in  the  large  roaster  on  account  of  heat-saving 
devices  incorporated  in  its  construction.  Also,  there  will  be  another 
source  of  heat  provided  by  the  exothermic  reactions  that  take  place  during 
the  roasting  process  in  the  furnace.  The  additional  heat  derived  from 
these  reactions  is  quite  considerable  and  has  made  itself  felt  to  an  appre- 
ciable degree  in  the  small  pilot  furnace. 

In  the  new  plant,  the  separation  of  the  copper  liquor  from  the  leached 
calcine  will  be  effected  by  coimter-current  decantation  in  three  Dorr 
thickeners.  Directly  from  the  roaster  the  calcine  is  discharged  into  a 
circular  mixing  tank  where  it  receives  return  liquor  from  one  of  the 
thickeners.  From  the  mixing  tank  the  pulp  and  liquor  pass  into  three 
Dorr  classifiers  placed  in  series  to  effect  a  separation  between  the  sand 
and  slime.  The  slime  in  the  overflow  from  these  classifiers  passes 
successively  through  the  three  thickeners,  the  first  of  which  delivers  its 
clear  overflow  to  the  precipitation  boxes.  As  the  pulp  progresses  through 
the  battery  of  thickeners  it  is  washed  by  water  and  waste  liquor  from  the 
precipitating  laimders  travehng  in  the  opposite  direction. 

During  our  test  runs  with  the  25-ton  roaster,  the  extractions  ranged 
from  65  per  cent,  to  77  per  cent,  of  the  total  copper  in  the  tailing.  For 
the  present  the  copper  in  the  liquors  is  precipitated  on  scrap  iron  in  a 
system  of  launders,  although  electrol3rtic  separation  is  taken  into  con- 
sideration by  the  management  for  the  future.  Ck)nceming  the  electro- 
lytic deposition  of  the  copper  and  a  decision  to  introduce  it  in  our  plant, 
we  are  looking  forward  to  the  results  which  will  be  obtained  by  this 
method  at  Ajo  in  the  New  Cornelia  Copper  Co.'s  plant  now  imder  con- 
struction, where  the  process  has  been  worked  out  by  such  pioneers  as 
Dr.  Morse  and  Mr.  Tobelmann,  who  have  presented  their  paper  on 
this  subject  before  this  meeting. 

B.  B.  GoTTSBERGER,  Miami,  Ariz. — ^For  some  time  we  have  been 
experimenting  on  the  recover^'  of  oxidized  copper.  While  trying  to 
convert  the  oxidized  copper  to  sulphide  by  means  of  calcium  sulphide 
and  sulphuric  acid,  we  concluded  that  what  conversion  was  obtained, 
resulted  from  the  solution  of  the  copper  in  acid  and  its  subsequent 
precipitation  as  sulphide.  Laboratory  work  demonstrated  that  a  process 
along  these  Unes  could  probably  be  made  to  work,  but  desiring  to  avoid 
the  use  of  hydrogen  sulphide,  if  possible,  we  concluded  to  look  for  another 
method  before  trying  this  scheme  on  a  working  scale.  Early  in  the 
present  year  we  did  some  laboratory  work  along  the  Unes  of  the  process 
we  have  just  seen  at  Chino  and  at  the  present  time  are  trying  out  this 
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idea  in  an  experimental  plant  handling  about  60  tons  per  day.    I  am 
very  hopeful  of  a  successful  result  from  this  work. 

H.  E.  Williams,  Calumet,  Mich. — The  Calumet  &  Hecla  Mining  Co. 
has  been  experimenting  for  some  time,  under  Mr.  Benedict's  direction, 
upon  the  problem  of  reclaiming  copper  from  the  old  tailings  banks  in 
Torch  Lake,  which  contain  about  40,000,000  tons  of  recoverable  sands. 
After  many  laboratory  and  test-plant  experiments,  they  have  finally 
adopted  the  ammonia  leaching  process,  and  have  built  a  2,000-ton  plant, 
which  is  now  in  partial  operation. 

The  plant  has  eight  unlined  steel  leaching  tanks  54  ft.  in  diameter 
by  12  ft.  high,  provided  with  the  usual  wood  grating,  cocoa  matting  and 
canvas  filters,  removable  steel  covers  and  one  central  and  six  circumfer- 
ential discharge  gates.  After  being  reground  and  treated  on  tables,  the 
tailings  are  pumped  into  the  plant  and  deposited  in  the  tanks  by  revolving 
distributors.  The  leaching  solution  contains  about  1.5  per  cent,  of  NHs 
and  an  equal  percentage  of  COs,  and  after  dissolving  the  copper,  is 
pumped  to  the  still  house,  where  it  is  treated  in  ammonia  distillation  ap- 
paratus with  low-pressure  steam  which  precipitates  the  copper  as  oxide. 
This  is  sent  to  the  smelter,  while  the  NHs  and  COs  distilled  off  and  con- 
densed is  pumped  back  to  the  leaching  plant  to  be  used  again.  From 
sand  containing  about  103^  lb.  of  copper  to  the  ton,  we  recover  about 
8  lb.  We  have  had  to  develop  a  roughing  still,  which  has  delayed  the 
still-house  work,  otherwise  the  plant  would  now  be  operating  at  its  rated 
capacity.  I  am  sorry  I  cannot  give  you  a  description  of  the  chemical 
reactions;  but  I  am  not  a  chemist  and  must  leave  that  for  Mr.  Benedict 
in  the  future. 

G.  D.  Van  Arsdale,  New  York,  N.  Y. — I  would  like  to  ask  Mr. 
Mathewson  the  reason  he  adopted  wood  tanks  instead  of  concrete  tanks. 

E.  P.  Mathewson,  Anaconda,  Mont. — ^We  had  experimented  with 
wooden  tanks,  and  when  we  put  up  the  1,200-ton  tanks,  we  thought  the 
wooden  tanks  would  be  satisfactory.  After  they  had  been  in  service  for 
about  a  year  we  noticed  deterioration,  and  we  had  them  lined  with  lead. 
If  they  had  been  built  of  concrete,  they  would  have  been  more  expen- 
sive. For  a  plant  the  size  of  ours,  we  think  the  wooden  tanks,  lined 
with  lead,  are  preferable;  but  with  larger  ones,  we  think  it  would  be 
preferable  to  build  them  of  concrete. 
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Petrography  of  the  Mount  Morgan  Mine,  Queensland 

Discussion  of  the  paper  of  W.  E.  Qabt,  presented  at  the  Aruona  Meeting,  Septem- 
ber, 1916,  and  printed  in  BvOeiin  No.  117,  September,  1916,  pp.  1725  to  1744. 

L.  C.  Graton,  Cambridge,  Mass. — ^May  I  ask,  in  connection  with 
one  point  in  the  summary,  to  what  extent  the  author  regards  actinolite 
equivalent  to  tourmaline  as  an  index  of  high-temperature  and  presum- 
ably magmatic  conditions  of  deposition  of  the  accompanying  sulphides? 

W.  E.  Gaby. — ^I  merely  advanced  the  idea  that  the  mineral  actinolite 
might  have  some  such  significance.  In  the  copper  deposit  at  Braden  in 
South  America,  the  ore  occurs  in  an  andesite  breccia  which  is  cemented 
by  a  matrix  of  sulphides,  quartz,  and  tourmaline.  Tourmaline  is  a  high- 
temperature  mineral,  and  when  we  find  it  associated  with  ores,  these 
are  regarded  as  having  come  from  a  volcanic  or  deep-seated  source, 
hence  a  primary  hypogenetic  deposit.  Thus  we  can  count  on  greater 
continuation  of  the  ore  with  depth  than  in  some  other  kinds  of  deposit, 
and  I  thought  that  the  actinolite,  being  also  a  high-temperature  mineral, 
might  have  some  such  bearing  in  the  case  of  Mount  Morgan.  I  did  not 
advance  this  idea  as  a  final  conclusion  from  a  study  of  such  phenomena, 
but  thought  that  it  might  bear  some  discussion  in  view  of  the  fact  of  the 
peculiar  occurrence  of  this  mineral  in  a  notable  orebody.  It  also  occurs 
with  the  copper  ores  at  Ducktown,  Tenn.,  and  in  both  cases  may  only  be 
due  to  general  regional  metamorphism. 


Geology  of  the  Warren  Mining  District 

Discussion  of  the  paper  of  Y.  S.  Bonillas,  J.  B.  Tbnnbt  and  LaoN  Fbuch^rb,  pre- 
sented at  the  Arisona  Meeting,  September,  1916,  and  printed  in  BuUetin  No.  117, 
September,  1916,  pp.  1397  to  1466. 

Ira  B.  Joralbmon,  Warren,  Aris. — ^This  paper  has  covered  the 
situation  so  well  that  I  have  few  suggestions  to  offer.  Two  points, 
however,  are  shown  more  clearly  in  the  lower  mines  of  the  Calumet 
&  Arizona  Mining  Co.  than  in  Copper  Queen  workings,  and  may  be 
worth  mentioning.  The  first  is  the  usual  association  of  high-^^e 
primary  sulphide  orebodies  with  much  larger  masses  of  pyrite  and 
silica,  averaging  less  than  1  per  cent,  copper.  The  richer  areas  occur 
sometimes  around  the  borders  of  the  lean  pyrite  bodies,  and  some- 
times entirely  within  them.  While  as  yet  we  have  not  been  able  to  find 
any  certain  reason  for  the  location  of  high-grade  sulphides  in  low-grade 
masses,  it  seems  Ukely  that  the  age  of  fracturing  is  one  controlling  feature. 
The  first  stage  of  mineraUzation,  with  pyrite  and  siUca,  had  the  effect 
of  sealing  up  the  rock.    The  later  solutions,  richer  in  copper,  could  pene- 
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irate  into  the  low-grade  masses  and  bring  in  the  rich  copper  sulphides 
only  along  fracture  zones  which  were  kept  open  by  a  more  or  less  con- 
tinuous motion  during  the  time  of  mineralization.  Fractures  of  the 
same  age  as  the  mineralization  are  therefore  most  favorable  indicators  of 
rich  primary  orebodies. 

The  second  point  I  should  like  to  emphasize  is  the  very  irregular 
pre-Cretaceous  topography.  This  is  best  shown  by  drill  holes  east  and 
south  of  the  productive  area.  In  the  basin  between  Lowell  and  Warren, 
about  6,000  ft.  east  of  the  Briggs  Shaft,  drilling  showed  from  500  to 
nearly  1,000  ft.  of  Cretaceous  conglomerate,  filling  an  old  canyon  in  the 
Carboniferous  Umestone.  In  the  large  vallejr  south  of  Warren  there  was 
a  far  greater  canyon.  A  drill  hole  about  4,000  ft.  south  of  the  Coimtry 
Club,  or  6,000  ft.  south  of  the  crest  of  the  hills  below  Warren,  was  sunk 
to  a  depth  of  over  3,200  ft.  without  reaching  the  bottom  of  the  Cretaceous 
conglomerate.  This  is  the  deepest  diamond-drill  hole  ever  put  down  in 
the  Southwest.  From  the  top  of  the  Carboniferous  limestone  hills 
south  of  Warren  to  the  bottom  of  this  drill  hole  there  is  a  difference  in 
elevation  of  nearly  4,500  ft.,  in  6,000  ft.  horizontally.  Allowing  for 
erosion  of  the  hills  and  for  considerable  probable  depth  of  conglomerate 
below  the  bottom  of  the  drill  hole,  the  total  depth  of  the  pre-Cretaceous 
canyon  must  have  been  7,000  or  8,000  ft.  This  is  pretty  nearly  the  record 
canyon  in  history.  With  such  a  varied  land  surface,  the  pre-Cretaceous 
oxidation  may  have  reached  a  level  far  lower  than  the  present  deepest 
mine  workings  in  the  Warren  district. 

F.  L.  Ransome,  Washington,  D.  C. — There  are  a  few  points  in* 
the  excellent  paper  just  read  upon  which  I  should  Uke  to  make  brief 
comments. 

The  authors  correlate  definitely  the  thin  quartzite  at  the  top  of  the 
Abrigo  at  Bisbee  with  what  I  have  named  the  Troy  quartzite  in  the  Globe- 
Ray  region.  I  have  myself  suggested  this  correlation  in  a  recent  paper 
but  think  that  more  work  is  needed  before  it  can  be  concluded  that  they 
are  the^same. 

A  very  important  and  interesting  feature  brought  out  clearly  in  the 
paper  just  presented  is  the  relation  of  oxidation  and  enrichment  to  the 
former  Cretaceous  surface.  In  my  report  on  the  Bisbee  district  published 
many  years  ago  I  stated  that  a  good  deal  of  the  enrichment  had  probably 
taken  place  before  the  deposition  of  the  Cretaceous  Glance  conglomerate. 
The  underground  workings,  however,  were  not  extensive  enough  at  that 
time  to  show  how  regularly  the  zones  of  oxidation  and  enrichment  dip 
south  in  conformity  with  the  general  dip  of  the  basal  Cretaceous  beds. 

The  statement  made  in  discussion  by  Mr.  Joralemon  regarding  the 
great  apparent  thickness  of  Glance  conglomerate  found  in  drilling  in  the 
plain  south  of  the  Bisbee  hills  should  be  considered  in  connection  with 
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known  overthnist  faulting  in  that  general  region.  The  oonglomerate 
may  be  both  faulted  and  tilted,  so  that  a  drill  section  is  not  neoessarily 
a  measure  of  original  thickness. 

The  observations  made  by  the  authors  on  contact  metamorphism  at 
Bisbee  agree  substantially  with  my  own  results.  Although  the  Bisbee 
ore  deposits  are  generally  regarded  as  of  contact-metamorphic  origin 
they  can  hardly  be  considered  as  typical  examples  of  that  class.  Such 
metamorphic  siUcates  as  are  present  are  generally  small  or  microBCopic. 

L.  C.  Graton,  Cambridge,  Mass. — When  the  summer  session  of  the 
Institute  was  held  in  Butte  3  years  ago,  we  were  given  a  paper  by  Mr. 
Sales  on  the  geology  of  that  remarkable  district  which  may,  I  think, 
properly  be  regarded  as  constituting  a  new  milestone  in  the  advance  of 
the  appUcation  of  geology  to  mining,  in  that  it  represented  the  accumu- 
lated data  and  evidence  and  speculation  that  had  resulted  from  systematic, 
intensive  and  constant  study  by  the  geologic  staff  of  the  Anaconda  com- 
pany for  a  period  of  some  16  years.  Obviouslyi  such  advantages  for 
observation,  interpretation  and  verification  afforded  to  condusioiis  a 
validity  that  could  have  been  secured  in  no  other  way.  Without  ques- 
tion, Mr.  Sales'  paper  will  continue  to  be  the  standard  authority  on  the 
Butte  deposits  for  a  long  time  to  come,  and  even  when  the  horisons  on 
which  its  observations  were  based  may  have  become  exhausted  and 
abandoned,  the  principles  which  it  disclosed  will  undoubtedly  be  found 
in  large  part  applicable  to  the  deeper  regions  to  which  operations  may 
extend. 

The  present  paper,  dealing  with  a  district  of  such  extensive  develop- 
ment, such  great  production,  such  rich  ores  and  such  complex  deposits 
as  Bisbee,  is  certain  to  be  of  interest  to  aU  engaged  in  the  study  of  mining 
geology.  Like  the  paper  on  the  Butte  deposits,  this  one  also  is  the 
product  of  systematic  and  steady  effort  for  a  number  of  years  by  the 
members  of  a  company  geologic  staff,  aided  by  the  cooperation  of  their 
colleagues  in  the  district. 

Of  the  many  directions  in  which  this  accoimt  of  Bisbee  geology  merits 
attention,  the  feature  that  perhaps  impresses  one  most  strongly  concerDS 
the  method,  or  at  any  rate,  one  of  the  methods,  by  which  the  results 
were  achieved.  Without  in  any  way  minimizing  the  difficulties  of  geo- 
logical accomplishment  at  Butte,  it  may  be  said  that,  owing  to  the  essen- 
tial monotony  of  rock  character  and  to  the  nature  of  the  fractures  in  and 
along  which  the  ores  have  been  either  deposited  or  dislocated,  the  out- 
standing problem  in  that  district  is  of  a  structural  kind.  In  Bisbee, 
the  variety  of  rocks  and  the  consequent  variations  and  irregularities 
of  the  channelwa3rs  that  traverse  them  afford  an  ample  supply  of 
structural  problems  which  the  geologist  must  solve.  Yet  superimposed 
on  these  are  problems  of  another  sort  and  of  great  complexity;  they  are 
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essentially  chemical  or  mineralogical  in  character  and  relate  not  only  to 
the  initial  deposition  of  the  ore  but  to  its  subsequent  alteration  and  to 
the  enrichment  or  dispersal  of  its  metal  content.  Problems  of  this  kiiid 
have  to  be  attacked  by  different  methods  from  those  employed  for  the 
solution  of  structural  problems.  The  method  which  has  been  found  most 
effective  depends  upon  the  microscope.  No  reader  of  the  paper  by  Messrs. 
Bonillas,  Tenney  and  Feuchdre  can  fail  to  note  the  extent  to  which  they 
have  utilized  the  facts  revealed  by  microscopic  examination. 

In  this  respect,  therefore,  it  seems  to  me  that  this  contribution  marks 
still  another  step  in  the  progress  of  scientific  ore-finding«  For  although 
the  method  employed  has  been  used  by  others,  this,  so  far  as  I  am  aware, 
is  the  first  recorded  instance  in  which  field  methods  and  laboratory 
methods  have  been  systematically  coordinated  on  a  comprehensive  scale 
under  the  advantageous  opportunities  for  constant  and  extended  ob- 
servation that  are  open  to  the  geological  department  of  a  large  mining 
company.  The  authors  certainly  deserve  our  congratulations  and  our 
thanks,  and  I  think  the  Copper  Queen  company  and  other  companies 
pursuing  the  same  policy  are  to  be  commended  for  their  far-sightedness 
in  recognizing  as  valuable  and  permitting  their  geologists  to  follow  meth- 
ods of  attack  which  some  of  narrower  outlook  might  regard  as  too 
"flossy"  and  scientific  to  be  of  any  practical  service.  Much  is  undoubt- 
edly to  be  expected  of  such  a  practical,  commercial  application  of  this 
combination  of  methods  which  has  received  so  gratifying  a  start  in  the 
present  papen 

In  connection  with  one  particular  detail  covered  by  the  paper  and 
referred  to  by  Dr.  Ransome — the  subject  of  contact-metamorphic  ore 
deposits — ^I  should  like  to  express  assent  to  the  statement  of  the  authors 
that  no  sharp  dividing  line  can  be  drawn  in  Bisbee  between  the  type  of 
deposit  which  nearly  everyone  would  probably  agree  should  be  called  a 
contact-metamorphic  deposit  and  a  type  which  lacks  many  of  the  charac- 
teristics that  one  expects  a  contact-metamorphic  deposit  to  possess.  In 
other  words,  any  boundary  must  be  drawn  arbitrarily;  and  perhaps  no 
two  people  will  draw  it  in  exactly  the  same  place.  Dr.  Ransome  no 
doubt  had  this  idea  in  mind  in  the  discussion  he  gave  to  the  subject  in 
his  report  on  the  Bisbee  deposits  and  also  in  his  present  remarks  when 
he  speaks  of  typical  contact-metamorphic  deposits.  The  question  im- 
mediately arises,  however,  as  to  what  is  a  typical  contact-metamorphic 
deposit.  Shall  we  regard  as  typical  only  those  deposits  in  which  the 
effects  of  igneous  metamorphism  have  been  most  intense  or  extreme? 
Or  shall  we  call  typical  those  contact-metamorphic  effects  which  are  not 
so  extreme  and  are  met  with  more  conunonly?  For  in  studying  a  num- 
ber of  districts  in  which  contact-metamorphic  deposits  are  involved, 
my  associates  and  I  have  been  impressed  more  and  more  with  the  fact 
that  the  situation  in  Bisbee  is  neither  unique  nor  unusual. 
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It  would  appear  that  what  is  now  called  contact-metamorphism  is 
simply  a  group  of  effects  that  stands  at  one  end  of  a  continuous  series 
of  effects,  and  that  agreement  must  be  reached  as  to  where  one  shall 
stop  in  that  series  and  say:  "Contact-metamorphism  ends  here."  In- 
deed, as  evidence  accumulates,  it  is  somewhat  doubtful  in  my  own  mind 
whether  much  is  to  be  gained  in  drawing  such  a  sharp  division  line. 
Plainly,  here  in  Bisbee,  the  geologists  have  found  no  reason,  in  fact,  have 
found  it  impossible,  to  draw  a  sharp  line.  It  is  a  question  in  my  mind 
whether  we  should  not  either  broaden  and  improve  our  definition  of  con- 
tact-metamorphism in  connection  with  ore  deposits,  or  drop  it  as  a 
significant  term  of  practical  application;  for  present  usage  is  likely  to 
lead  to  ambiguity  and  confusion  and  to  become  a  doak  for  loose  and  in- 
accurate thinldng  and  expression. 

The  Chairbcan  (G.  F.  G.  Sherman,  Bisbee,  Ariz.). — As  Mr.  Graton 
has  spoken  of  the  attitude  of  the  companies  with  regard  to  geologists, 
I  think  we  should  disclaim  some  of  the  credit  which  he  gives  us.  While 
we  believe  that  they  have  been  of  great  assistance  to  us,  we  must  say 
that  geologists  did  not  find  all  the  ore.  We  had  a  great  deal  of  ore  before 
we  had  geologists.  A  great  many  orebodies  are  found  by  the  miners 
and  many  are  stumbled  on  by  accident.  But  in  this  complicated  coun- 
try, we  shall  always  need  as  much  assistance  and  information  as  we  can 
get  from  whomever  we  can  secure  it. 


CoSperative  Effort  in  Mining 

Ducuadon  of  the  pappr  of  Joskph  P.  Hodgson,  urosented  at  the  Aiuona  Meeting, 
September,  1916,  and  printed  in  BuUeUn  No.  113,  May,  1916,  pp.  867  to  869. 

Joseph  P.  Hodgson. — As  to  "Safety  First,"  I  did  not  deal  with  that, 
but  I  will  say  that  in  1913,  the  nimiber  of  men  killed  was  nine,  and  that 
year  the  "safety  first"  program  was  commenced;  the  next  year,  1914,  the 
number  was  reduced  to  five.  In  1915,  I  am  pleased  to  say  that  the 
number  was  reduced  to  two  in  the  Copper  Queen's  entire  property,  and 
we  have  none  so  far  this  year. 

The  Chaibman  (G.  F.  G.  Shebman,  Bisbee,  Ariz.). — ^1  can  say, 
further,  that  we  have  from  eight  to  nineteen  men  per  month  incapacitated 
for  more  than  14  days.  Those  are  classified  in  this  State  as  serious 
accidents.  The  number  of  men  injured  has  apparently  increased,  but 
that  is  due  to  our  improved  method  of  recording  and  classifying  accidents, 
no  matter  how  slight. 

C.  W.  GooDALB,  Butte,  Mont. — The  importance  of  cooperation 
among  the  members  of  the  staff  of  an  industrial  organization  is  well 
brought  out  by  Mr.  Hodgiaon's  paper* 
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The  Anaconda  Copper  Mining  Co.  has  done  something  along  this 
line,  but  has  not  gone  as  far  as  the  Copper  Queen  Co.  At  the  Anaconda 
works,  on  the  last  Tuesday  of  every  month, the  manager  meets  the  heads  and 
foremen  of  all  departments,  for  the  purpose  of  discussing  costs  and  effi- 
ciency. The  superintendents  are  asked  to  give  the  reasons  for  any 
changes  in  costs,  and  also  to  suggest  methods  by  which  greater  efficiency 
may  be  obtained.  If  any  member  of  the  staff  has  been  away  visiting 
other  plants,  he  gives  an  outline  of  his  observations,  and  then  a  general 
discussion  follows. 

In  the  efforts  of  the  company  to  improve  working  conditions  and  effect 
a  reduction  in  the  number  of  accidents,  cooperation  is  of  the  greatest 
importance — ^not  only  among  the  foremen  and  shift  bosses,  but  among 
the  miners  and  smeltermen. 

When  the  Bureau  of  Safety  was  established,  about  3  years  ago,  our 
first  step  was  to  make  an  analysis  of  causes  of  accidents,  with  a  view  to 
attacking  the  principal  causes  with  special  vigor.  A  review  of  accidents 
in  the  Butte  mines  for  the  preceding  year  showed  the  following  figures: 

Per  Cent. 

Fall  of  ground 43 .  21 

Caught  by  mine  cais 12.97 

Handling  tools 14.54 

Handling  material 11 .87 

Falling 10.00 

Falling  timber 3.62 

Machinery 1.11 

Around  cages , 0.74 

Exploaivee '. 0.70 

Miacellaneoua 1 .24 


100.00 


In  the  meetings  of  the  safety  engineers  and  foremen  these  figures  were 
considered,  and  the  fight  against  accidents  began.  It  was  soon  found  that 
in  order  ^to  make  the  miners  cooperate  in  this  movement,  we  should 
have  to  inflict  some  penalties  on  them  for  failure  to  look  out  for  their  own 
safety.  For  instance,  when  men  are  found  working  under  conditions 
which  are  unsafe,  and  which  they  can  remedy,  they  are  laid  off  7  dajrs, 
and  for  the  second  similar  offense  the  penalty  is  a  layoff  for  14  days.  For 
the  third  offense  they  are  discharged. 

We  have  effected  quite  a  satisfactory  reduction  in  accidents  in  the 
mines  of  the  company.  During  the  year  1915,  we  had  1.42  fatal  and 
serious  accidents  per  10,000  shifts,  and  1.09  in  the  first  half  of  1916 — a 
reduction  of  23  per  cent. — ^and  this  in  the  face  of  a  mine  fire  which 
occurred  in  February,  1916,  and  which  caused  the  loss  of  21  lives. 

In  the  reduction  works  our  efforts  have  not  accomplished  so  much. 
Perhaps  one  explanation  is  that  the  causes  of  accidents  in  reduction  works 


Digitized  by 


Google 


2170  discussion:  Arizona  MSBTiNa,  1916 

are  more  varied  in  character  than  in  the  mines,  and  it  has  been  difficult 
to  attack  any  one  particular  cause  with  special  emphasis.  Furthermore, 
it  should  be  stated  that  a  large  amount  of  construction  work  has  been 
going  on  during  the  last  3  years,  and  I  think  it  is  generally  admitted  that 
there  are  more  risks  in  such  work  than  in  operation — ^particularly  when 
construction  and  operation  are  going  on  together,  as  has  been  the  case 
in  some  of  our  departments. 

At  the  Anaconda  works  the  company  has  spent  more  than  960,000 
in  safeguards  which  have  been  suggested  at  meetings  of  the  Safety  Com- 
mittees, and  the  effect  will  doubtless  be  shown  in  accident  records  as 
time  goes  on. 

Chables  a.  Mitkb,  Bisbee,  Aris. — ^The  practical  man's  lack  of 
opportunity  presents  a  difficulty  to  his  satisfying  his  interests  in  technical 
subjects.  The  object  to  be  attained  in  introducing  this  course  was  to 
show  that  there  is  no  dividing  line  between  the  so-called  practical  and 
technical  sides  of  mining;  that  if  any  ideas,  devices,  methods  or  applica- 
tions are  practical,  then  they  are  also  technical  because  all  practical 
methods  have  a  technical  basis.  The  converse  is  also  true  that  all 
technical  methods  which  have  commercial  value  and  are  worth  introduc- 
ing are  practical  and  have  a  practical  basis.  However,  the  terms  prac- 
tical man  and  technical  man  still  exist,  and  it  is  only  by  co5peration  of 
both  classes  that  the  best  results  can  be  obtained  through  their  combined 
co5perative  effort.  Four  years  ago  none  of  our  shift  bosses  or  foremen 
would  attempt  to  write  or  read  a  paper  at  any  meeting.  However,  after 
certain  members  of  the  operating  staff  presented  papers,  then  they  were 
also  induced  to  prepare  papers.  These  men  were  given  all  possible 
assistance.  Their  subjects  were  first  discussed  with  them  individually 
so  as  to  bring  out  the  important  points  and  then  were  written  and 
revised  to  emphasize  these  points  and  in  their  final  form  presented  at  the 
meetings.  Two  courses  were  pursued  during  the  past  year — a  general 
course  at  the  mine  foremen's  dinners  and  a  definite  course  in  mining 
methods,  etc.,  at  the  Copper  Queen  mining  conference.  An  example  of 
subjects  taken  up  in  the  general  course  was  a  lecture  on  ''The  Impor- 
tance of  Keeping  up  the  Grade  of  the  Ore,"  while  an  example  of  the  sub- 
jects used  at  the  conference  was  the  discussion  of  "The  Details  of  Doing 
Development  Work."  At  mining  conferences  a  constant  effort  was  made 
to  bring  out  the  basic  principles  which  govern  the  varied  mining  opera- 
tions here  as  well  as  in  other  fields.  After  they  were  taken  up,  the  applica- 
tion of  these  principles  was  then  considered  in  connection  with  specific 
and  local  mining  problems.  It  was  reasonable  to  believe  that  this  plan 
would  be  interesting  and  at  the  same  time  would  present  the  subject 
from  a  broader  point  of  view.  When  members  of  the  conference  were 
asked  to  prepare  papers,  they  received  every  encouragement  to  take 
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pains  and  make  them  as  thorough  and  complete  as  possible.  It  also 
led  to  another  field.  This  led  in  some  cases  to  suggestions  from  the  shift 
bosses  as  to  the  details*  of  our  operations.  These  suggestions  from  the 
shift  bosses  were  then  embodied  in  papers  and  presented  at  subsequent 
meetings  with  the  guidance  and  assistance  of  the  instructor.  During 
this  coming  year  we  plan  to  increase  the  scope  of  the  field.  A  course 
to  miners  will  take  up  the  principles  and  first  course  in  mining  methods; 
a  course  for  shift  bosses  and  engineers,  will  give  more  advanced  work 
in  mining  problems  and  greater  detail  in  mining  methods;  and  a 
course  for  the  foremen's  dinners  will  include  subjects  of  a  broader 
nature  that  will  apply  to  all  concerned.  The  course  at  the  foremen's 
dinners  consists  of  lectures,  while  that  at  the  Copper  Queen  mining  con- 
ference for  shift  bosses  and  engineers  is  a  combined  course  of  lectures, 
problems,  readings,  study,  etc.  There  are  many  things  that  a  shift  boss 
ought  to  know  and,  since  they  can  only  be  learned  through  study  and 
application,  these  courses  have  been  instituted. 

C.  E.  Arnold,  Miami,  Ariz. — Mr.  Chairman,  Mr.  Hodgson  made 
a  practice  of  putting  on  some  instructors.  It  would  be  interesting  to 
hear  what  the  results  of  that  have  been. 

J.  P.  Hodgson. — Some  months  agp  we  took  up  the  study  of  classify- 
ing groimd.  After  the  ground  was  classified  we  experimented  in  the 
different  classes  of  ground  in  an  attempt  to  standardize  our  drilling 
methods  imderground.  It  was  found  that  in  trying  to  standardize  we 
bumped  into  old  miners  who,  in  their  opinion,  knew  more  about  it  than 
we  did.  So  we  decided  to  take  the  line  of  least  resistance.  When  we 
found  a  man  unwilling  to  learn  a  new  method  we  did  not  fight  him.  We 
put  him  in  a  stope  to  work  and  took  young  men  and  trained  them.  We 
appointed  several  instructors  and  have  them  in  the  mine.  They  take 
young  men  who  want  to  get  ahead  and  instruct  them  for  a  period  of 
10  days  to  2  weeks,  then  we  supply  them  with  a  machine  and  equipment 
and  put  them  in  a  drift,  or  raise,  as  the  case  may  be.  They  get  miners' 
pay  and  a  bonus,  depending  upon  the  classification  of  ground  upon  which 
they  are  working  and  advance  made.  We  have  found  this  to  be  bene- 
ficial, and  we  have  decided  in  the  future  rather  than  to  fight  our  miners, 
to  help  them. 

D.  W.  Brunton,  Denver,  Colo. — ^I  would  like  to  give  some  figures 
on  speeds  maintained  in  tunneling  operations  where  persistent  effort  in 
teaching  the  miners  who  were  engaged  in  driving  tunnel  headings  re- 
sulted in  an  increase  of  speed  from  250  ft.  per  month  to  750  ft.  per  month, 
and  in  ordinary  ground,  after  the  workmen  were  thoroughly  trained, 
there  was  little  or  no  difficulty  in  maintaining  speeds  of  from  600  to 
750  ft.  per  month,  with  three  8-hr.  shifts — ^in  headings  7  ft.  high  by  8  ft. 
wide. 
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The  Chairman. — ^This  subject  verges  on  that  allied  subject,  effi- 
ciency engineering,  with  which  we  have  been  experimenting.  A  char- 
acteristic of  that  subject  is  that  it  does  not  take  very  long  to  find  out  how 
little  you  know  about  a  great  many  standard  operations,  and  that  they 
are  not  done  as  they  should  be  done,  and  are  not  yet  as  we  would  like  to 
have  them.  I  don't  know  whether  our  experience  has  been  like  that  of 
others  or  not. 


The  Block  Method  of  Top  Slicing  of  the  Miami  Copper  Co. 

Discussion  of  the  paper  of  E.  G.  Deanb,  presented  at  the  Arizona  Meeting,  September, 
1916,  and  printed  in  Bulleiin  No.  117,  September,  1916,  pp.  1515  to  1518. 

The  Chaibman  (P.  G.  Beckett,  Globe,  Ariz.). — ^The  mining  of  large 
orebodies  has  in  the  last  few  years  been  such  a  big  factor  in  the  copper 
output  of  this  State,  and,  in  fact,  of  the  whole  country,  I  feel  that  we 
should  have  some  valuable  discussion  this  evening  on  the  various  mining 
methods  described  in  the  papers  which  are  to  be  read;  and  I  hope  you 
will  start  a  discussion  on  Mr.  Deane's  paper. 

J.  A.  Ede,  La  Salle,  lU. — I  would  like  to  ask  whether,  the  timbers 
being  left  in,  they  have  any  fires  owing  to  that  fact? 

E.  G.  Deane. — No,  we  do  not.  The  timbers  in  the  mat  seem  to 
lose  life.  I  cannot  tell  you  exactly  what  change  takes  place,  but  they  do 
not  burn  readily.  There  is  undoubtedly  a  chemical  change  in  them — a 
change  that  makes  them  lose  all  strength.  I  spoke  of  the  strength  of 
the  sills.  When  we  first  started,  we  put  in  4  by  8  sills,  but  those  sills 
had  no  more  strength  in  6  months  than  a  2-in.  plank  would  have. 

J.  P.  Hodgson,  Bisbee,  Ariz. — I  would  like  to  ask  Mr.  Deane  if  the 
central  supply  raise  in  the  center  of  the  block  has  been  satisfactory; 
and  also  whether  in  extracting  the  ore  they  put  small  raises  up  so  that 
wheelbarrows  are  not  used  in  the  stope? 

E.  G.  Deane. — ^The  supply  raises  have  been  very  satisfactory. 
We  do  use  wheelbarrows,  as  our  raises  are  spaced  50-ft.  centers;  it  may  be 
that  later  it  will  pay  us  to  put  up  small  inclined  raises.  But  just  above 
the  420-level,  where  we  have  been  doing  our  slicing,  it  has  not  paid  us 
to  do  this. 

J.  P.  Hodgson. — I  would  like  to  ask  another  question,  and  that  is 
this:  From  your  experience  in  top  shcing,  where  have  you  found  that  the 
overburden  decreases  in  weight?  At  about  how  many  floors  downward 
in  course  of  extraction? 

E.  G.  Deane. — We  have  not  gotten  down  that  far.  We  have  taken 
about  ten  slices  in  some  parts  of  the  mine,  and  have  as  much  weight  as 
ever.  In  other  parts  we  are  slicing  immediately  under  the  capping  at 
the  present  time. 
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Mine  Fire  Methods  Employed  by  the  United  Verde  Copper  Co. 

DiscuBsion  of  the  paper  of  Robert  E.  Tallt,  presented  at  the  Arizona  Meeting,  Sep- 
tember, 1916,  and  printed  in  Bulletin  No.  117,  September,  1916,  pp.  1545  to  1553. 

Chauncby  L.  Berrien,  Butte,  Mont,  (written  discussion). — ^Having 
had  much  actual  experience  with  mine  fires  which  have  occurred  or  have 
been  active  in  the  mines  of  the  Anaconda  Copper  Mining  Co.  during  the 
past  4  years  and  having  lately  visited  the  fire  zone  of  the  United  Verde 
mine  with  Mr.  Tally,  I  wish  to  congratulate  him  for  the  success  which 
he  has  had  in  controlling  this  fire  and  making  the  mine  perfectly  safe 
for  his  miners.  By  this  work  he  is  not  only  keeping  the  property  in 
operation  but  is  reclaiming  many  lost  orebodies. 

The  ventilation  system  as  described  by  him  is  practically  the  same 
as  that  used  under  my  direction  at  the  Mountain  View  mine  fire  in  Butte 
in  1913  and  at  the  Pennsylvania  fire  in  1916.  This  same  system  is  at 
present  being  followed  at  the  Leonard  mine  to  extinguish  a  fire  which 
has  been  active  for  10  years  although  bulkheaded. 

The  mining  system  in  the  Butte  mines  at  the  origination  of  these 
fires  was  the  same  as  that  at  the  United  Verde,  namely,  square  setting 
accompanied  by  the  use  of  much  timber  bidkheading  in  the  stopes  owing 
to  heavy  ground.  The  pyritic  content  of  the  ore  in  Butte  is  not  as  high, 
but  on  the  whole  conditions  have  been  the  same,  with  the  exception  of 
actual  location  of  the  fire  in  the  mine. 

I  agree  with  Mr.  Tally  that  flooding,  the  use  of  COi  or  any  gas,  and 
the  use  of  steam  are  all  impracticable  unless  the  fire  zone  can  be  abso- 
lutely sealed.  His  system  of  upcast  escapement  shafts  in  the  fire  zone, 
the  use  of  bulkheads  and  fans  to  keep  the  gases  away  from  the  firemen, 
must  be  resorted  to.  By  the  method  he  describes  actual  stoping  may  be 
carried  on  safely  if  started  from  the  bottom  of  the  fire  and  if  the  fire 
zone  extends  to  the  surface.  In  other  words,  the  fire  zone  must  be  iso- 
lated from  the  rest  of  the  mine  by  bulkheads  and  solid  ground,  with  no 
ground  above  which  can  be  damaged  by  spread  of  fire  or  cavingl 

The  serious  fires  in  Butte  have  occurred  on  or  between  levels  in  the 
mines  where  it  was  necessary  to  prevent  their  extension  upward,  down- 
ward and  laterally  while  the  work  of  actually  extinguishing  them  was 
in  progress.  This  necessitated  proper  bulkheading  should  we  lose  con- 
trol of  the  fire,  the  installation  of  ventilation  similar  to  Mr.  Tally's 
and  the  systematic  drilling  of  holes  with  diamond  drills  for  distributing 
water  on  the  fire  and  around  it. 

The  Mountain  View  fire  of  1913*  was  extinguished  by  the  method 
described  by  Mr.  Tally  and  the  driving  of  laterals  parallel  to  the  fire 


*  See  Fire-fighting  Methods  at  the  Mountain  View  Mine,  Butte,  Mont.,  Trans, 
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stopes.  From  these  laterals  many  diamond-drill  holes  were  drilled 
through  which  water  was  run  onto  the  fire.  This  fire  burned  through 
stopes  between  the  200  and  600  levels. 

The  Pennsylvania  mine  fire  of  1916  burned  between  the  1,000  and 
1,300  levels  and  for  a  considerable  lateral  eictent  and  was  finally  extin- 
guished by  the  Plenum  system  and  extensive  diamond  drilling.  The 
diamond-drill  work  was  in  both  cases  the  main  factor.  The  details  of 
this  work  were  carried  on  by  C  Edwin  Nighman,  at  present  Fire  Super- 
intendent of  the  Boston  &  Montana  group  of  the  Anaconda  Copper 
Mining  Co.  and  H.  R.  Tunnell,  Foreman  of  the  Pennsylvania  mine, 
under  the  direction  of  the  writer.  A  description  of  this  work  will  appear 
in  the  Transactions  in  the  near  future. 

As  I  have  said  before,  we  are  at  present  working  on  the  Leonard- 
Minnie  Healy  fire  with  the  prospect  of  regaining  much  ore,  if  not  actually 
extinguishing  the  fire.  The  extent  of  the  ground  bulkheaded  off  from 
the  rest  of  the  mine  is  600  by  400  ft.  lying  between  the  600  and  1,300 
levels. 

This  territory  is  filled  with  gases  and  an  uncertain  extent  of  smolder- 
ing fire.  Our  plan  is  to  drive  lateral  drifts  through  the  fire  zone,  keeping 
them  in  solid  ground.  From  these  laterals  holes  are  being  drilled  with 
diamond  drills  into  all  stopes  below,  so  that  eventually  we  will  have 
water  entering  all  the  stopes  at  10-ft.  intervals.  We  have  been  at  this 
work  about  1  year  and  have  entered  and  reclaimed  practically  all  of  the 
600  and  700  levels.  We  have  also  entered  the  800  halfway  and  up  to 
date  the  orebodies  regained  have  warranted  the  installation  of  electric 
haulage  on  the  800.  In  doing  this  work  we  are  using  the  Plenum  sys- 
tem, and  so  far  we  have  not  had  to  resort  to  the  use  of  Draeger  helmets. 
While  this  work  was  really  started  as  a  matter  of  safety  for  the  future 
of  the  mine,  we  are  regaining  orebodies  at  no  greater  expense  than 
required  for  development  of  ore  on  new  levels. 

Our  experience  with  fires  in  Butte  has  given  us  some  thought  as  to 
their  causes  and  led  us  to  install  all  possible  safeguards  against  their 
recurrence  and  to  assure  the  necessary  protection  from  new  fires  and  the 
means  to  extinguish  them. 

The  possible  causes  of  mine  fires  are  as  numerous  as  of  surface  fires 
and  one  could  set  down  a  long  list  of  them  and  the  ordinary  precautions 
for  prevention.  All  of  these  should  be  known  to  the  superintendent  of 
any  mine,  and  the  subject  is  covered  very  thoroughly  by  Geoi^  J. 
Young  in  Fires  in  Metalliferous  Mines.* 

Over  a  period  of  about  10  years  in  20  or  more  operating  mines  in 
Butte,  the  actual  causes  of  mine  fires  have  been:  lighted  candles  left 
on  or  near  timbers,  short-circuiting  and  overheating  of  electric  wires, 
switches,   etc.,  due   to  carelessness   in   upkeep   and    operatioUi    dly 

^rrofM.,  vol44(1012}. 
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waste,  spontaneous  combustion  from  foreign  substances  in  gobs,  and 
possibly  incendiarism. 

We  realize  that  mine  fires  are  possible  even  though  the  greatest  pre- 
cautions in  the  way  of  regulations,  warnings,  etc.,  are  taken,  and  in  the 
past  2  years  we  have  installed  every  protection  against  the  spread  of 
fires,  facilities  for  fighting  them  and  means  of  rescue. 

All  of  our  main  operating  shafts  are  downcast,  around  the  collar  of 
each  shaft  we  have  2-in.  sprinkler  lin^;  all  water  lines,  air  lines  and 
electric  cables  are  in  downcast  shafts,  water-storage  tanks  of  3,000  gal. 
or  more  have  been  put  in  every  400  ft.  along  the  shafts  with  pipe  lines 
from  them  through  main  drifts,  laterals  and  many  stopes;  water  may  be 
turned  into  all  air  lines  also.  All  imderground  fan  stations,  transformer 
and  switch  rooms  and  electrical  apparatus  have  been  made  fireproof  for 
safe  distances  from  them,  overload  and  no-voltage  release  and  auto 
starters  are  used  on  fans;  all  connections  between  mines  are  cut  off  by 
concrete  bulkheads  and  iron  doors  except  where  stopes  are  continuous; 
a  firebug  (or  watchman)  goes  through  each  shift  boss'  run  in  all  mines 
after  each  shift;  all  electric  switches  are  disconnected  at  shaft  stations 
between  shifts;  telephones  are  used  in  all  large  mines;  surface  fans  ex- 
haust only;  metal  receptacles  are  used  for  oil  waste  and  refuse  and  are  in 
safe  places;  first-aid  and  Draeger  helmet  crews  have  been  trained  at  each 
mine  and  hold  positions  where  they  can  be  notified  ef  trouble  inmiediately ; 
signs  denoting  directions  to  other  mines  and  main  shafts  are  posted  on 
all  levels;  an  "out  of  the  mine"  danger  signal  is  used;  smoking  in  the 
mines  is  prohibited;  metal  sconces  for  candles  are  used  entirely  and 
failure  to  use  them  means  discharge  of  man;  mining  methods  are  being 
adopted  to  eliminate  as  much  timber  as  possible,  and,  finally,  two  fully 
equipped  rescue  stations  on  the  surface  are  maintained. 

At  each  of  these  rescue  stations  we  have  30  Draeger  oxygen  helmets 
with  accessories,  lung  motors,  an  automobile,  a  first-aid  man  on  each 
8-hr.  shift,  a  smoke  room  for  training  and  a  man  in  general  charge  over 
all  first-aid  and  rescue  work.  Classes  are  being  held  continuously  and  the 
number  of  capable  firefighters  is  increasing.  We,  also  have  a  fire  super- 
intendent who  acts  with  mine  foremen  in  all  underground  fire  work. 

We  have  had  six  serious  mine  fires  during  the  past  6  years  and  they 
have  been  extinguished  or  bulkheaded  without  loss  of  life  except  in  the 
Pennsylvania  mine  fire  of  1916.  The  loss  of  lives  in  this  fire  was  due  to 
the  failure  of  the  men  in  following  directions  givpn  them  for  their  safety. 
Work  on  all  these  fires  extended  over  months.  There  have  been  about 
12  other  fires  discovered  and  extinguished  in  a  few  minutes,  or  an  hour 
at  the  most.  This  success  has  been  due  to  preparedness,  the  good  work 
of  the  helmet  men,  and  extreme  watchfulness.  The  expense  of  installa- 
tion of  any  system  or  equipment  for  fire  protection  and  fire  fighting  will 
be  offset  many  times  if  such  trouble  arises. 

Digitized  by  VjOOQIC 


2176  discussion:  Arizona  meetino,  1916 

C.  W.  GooDALE,  Butte,  Mont. — I  wish  to  say  that  I  have  before  me 
a  discussion  of  the  fire  that  occurred  in  the  Pennsylvania  mine  in  Butte, 
by  Messrs.  C.  E.  Nighman  and  R.  8.  Foster,  but  it  is  quite  long  and  the 
conclusions  are  very  much  the  same  as  those  given  by  Mr.  Berrien  in  the 
discussion  which  has  just  been  read.  I  will  say  briefly  that  the  Pennsyl- 
vania fire  started  Feb.  14, 1916,  about  8:45  p.m.,  at  or  very  near  the  1,200 
air-shaft  station.  This  fire  resulted  in  the  loss  of  21  Uves;  however,  had 
these  men  followed  the  instructions  of  those  sent  to  warn  them,  a  maxi- 
mum of  nine,  and  probably  only  seven,  fatalities  would  have  occurred. 
At  the  time  the  fire  occurred  the  main  working  shaft  was  upcast,  and  while 
this  condition  caused  no  loss  of  Ufe,  considerable  discomfort  resulted  from 
the  presence  of  smoke  and  gases,  and  rescue  work  had  to  be  abandoned  until 
this  shaft  was  made  downcast,  which  was  accomplished  by  placing  a  suction 
fan  over  the  air  shaft.  It  should  be  stated  that  when  the  fire  occurred 
preparations  were  under  way  to  make  the  working  shaSt  a  downcast. 

It  is  extremely  important  that  working  shafts  be  downcast  wherever 
possible,  for  the  following  reasons:  (a)*  In  case  of  fire,  ordinarily  men 
can  come  to  the  shaft  and  be  hoisted  without  danger  of  suffocation  (in 
some  cases  action  of  fire  has  been  known  to  change  the  direction  of  air 
in  shafts) ;  (6)  Where  cold  air  is  coming  down  a  shaft,  the  tendency  of 
the  ground  to  slough  is  greatly  lessened;  also,  timbers  last  much  longer 
when  not  exposed  to  hot,  humid  air  coming  out  of  the  mine,  and  as  work- 
ing shafts  must  bear  the  strain  of  traveling  skips  and  cages  it  necessarily 
follows  that  they  should  be  favored  where  natural  conditions  permit. 
Furthermore,  air  shafts  can  usually  be  retimbered  without  curtailing 
production. 

On  the  other  hand,  during  the  winter  months  in  cold  climates,  ice 
collects  in  downcast  shafts  even  where  there  is  very  little  moistiire.  It 
is  necessary  to  clear  the  ice  by  chopping  it  out,  which  is  a  disagreeable 
and  somewhat  dangerous  task.  Furthermore,  it  is  hasardous  and 
uncomfortable  to  do  repairing  in  downcast  shafts  during  cold  weather. 

At  the  present  time  the  working  shafts  of  the  Anaconda  Copper 
Mining  Co.  in  Butte  are  downcast  wherever  possible. 

The  Chairman  (Percy  G.  Beckett,  Globe,  Ariz.). — ^I  think,  as 
Mr.  Tally  said  and  as  Mr.  Goodale  has  brought  out,  mine  fires  are  exceed- 
ingly disagreeable  and  dangerous  things  to  have  in  a  mine;  and  I  think 
it  is  a  vital  subject  for  us  all.  There  are  several  big  mining  districts  hav- 
ing fires  burning  in  those  districts  for  a  long  time.  It  is  one  problem 
to  keep  the  fires  under  control,  and  another  problem  full  of  importance 
to  us  all  to  prevent  fires  from  starting  from  the  numerous  sources  from 
which  they  can  start. 

Gerald  Sherman,  Bisbee,  Ariz. — We  have  been  unfortunate  enough 
to  have  some  fires,  and  we  have  used  very  much  the  same  methods  which 
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have  been  described  by  Mr.  Tally  and  Mr.  Berrien.  I  am  not  sure  that 
the  members  here  are  familiar  with  Mr.  Berrien's  paper  of  last  year;  but 
I  think  there  is  a  distinction  between  what  Mr:  Tally  is  trying  to  do  or 
doing  and  what  Mr.  Berrien  is  doing.  From  the  shape  of  the  orebodies 
in  the  United  Verde,  it  is  very  much  more  difficult  to  put  them  out  than 
in  Butte.  It  is  very  difficult  to  get  at  them.  The  groimd  over  the  fires 
is  soft,  crushed  and  open;  and  I  doubt  if  drill  holes  could  be  put  in  to 
get  water  on  the  fires.  I  think  Mr.  Tally's  effort,  although  he  has  put 
out  many  fires,  has  been  principally  toward  controlling  them  by  the 
Plenum  system.  He  recovers  the  ground  by  blowing  the  fire  away  from 
the  working  places  and  driving  the  gases  to  the  surface  through  broken 
ground  or  some  passage  which  does  not  interfere  with  other  work.  This 
does  not  put  the  fire  out  unless  it  is  kept  away  from  other  timbered  ground 
imtil  it  goes  out  of  itself.  The  only  way  I  know  by  which  fires  have  been 
put  out  in  this  country  is  by  putting  water  on  them.  Mr.  Tally  has  put 
fires  out  by  that  method,  and  Mr.  Berrien  has  also.  In  the  cases  at 
Butte,  most  of  the  veins  were  in  comparatively  hard  rock.  They  are  not 
vertical,  as  I  remember  it,  but  very  steep.  By  drilling  from  the  hanging 
wall,  which  is  safe  to  work  in,  you  can  pour  water  on  the  fire  successfully, 
and  that  is  the  way  we  did  it.  In  one  of  our  fires,  we  were  lucky  enough 
to  get  water  on  top  of  the  fire  in  such  a  way  as  to  drown  it,  and  it  was 
finally  put  out  so  we  could  get  in  the  ground  and  prove  it.  Another  was 
kept  down  by  putting  water  on  it  until  we  were  able  to  get  to  the  fire 
area  and  by  following  the  smoke  to  dig  it  out,  but  that  was  a  small  fire. 
In  one  of  our  fires,  which  has  been  burning  for  some  years,  and  which  is 
now  isolated,  we  tried  to  drill  holes  over  the  top  with  diamond  drills, 
but  it  was  unsuccessful,  as  the  ground  was  top  much  broken.  We 
were  never  able  to  get  near  the  point  we  were  driving  for.  I  think  the 
precautions  which  Mr.  Berrien  has  suggested  are  very  well  worth  carry- 
ing out.  All  of  our  fires  have  been  spontaneous,  as  far  as  we  know,  and 
they  have  all  occurred,  with  one  exception  which  is  rather  doubtful,  in 
the  centers  of  filled  and  abandoned  stopes,  which  were  inaccessible,  and 
we  were  not  able  to  reach  them  quickly.  We  had  to  isolate  them  and 
cut  them  off  from  active  workings  and  keep  them  from  spreading.  I 
think  they  are  undoubtedly  caused  by  the  heating  of  sulphides  in  stopes 
where  they  are  loose  and  granular,  and  where  there  is  little  ventilation. 
I  beUeve  if  raises  could  be  kept  open  for  free  circulation  of  air,  the  heat 
would  be  carried  off  so  that  the  temperature  would  not  rise  to  the  point 
of  ignition,  but  I  am  not  sure  of  it.  In  some  of  our  shafts,  we  are  laying 
pipes  and  sprays  to  water  the  shaft  in  case  of  fire,  and  also  putting  up 
doors  to  cut  them  off  and  stop  circulation  from  the  shaft,  but  we  do  not 
care  to  say  very  much  for  the  present. 

J.  P.  Hodgson,  Bisbee,  Ariz. — Mr.  Chairman,  from  my  experience 
in*  mining,  covering  a  period  of  about  30  years,  I  would  say  t^at  I  tMnk 
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the  most  prolific  source  of  mine  fires  is  the  use  of  candles,  owing  to  the 
carelessness  of  the  men  in  leaving  what  we  call  "snuffs"  around  their 
working  places.  I  know  of  at  least  two  mine  fires  in  Michigan  where  I 
was  operating  that  occurred  in  this  maimer.  One  of  these  we  put  out 
with  water;  in  the  other  we  sealed  the  shafts  and  shut  down  the  mine 
for  3  weeks  before  we  extinguished  the  fire.  Regarding  our  experience 
in  copper  mining,  as  Mr.  Sherman  has  said,  we  have  had  a  lot  of  exp^ 
ence  in  fighting  fires,  but  we  are  not  yet  sure  as  to  which  is  the  better 
method.  One  thing  I  might  mention  in  this  connection  that  misht  be 
of  assistance  to  others  is  that  we  keep  on  hand  a  15-hp.  electrically 
driven  blower  mounted  on  a  truck,  together  with  1,000  ft.  of  wire  for 
connections  and  500  ft.  of  galvanized  10-in.  blower  pipe  and  a  roll  of 
brattice  canvas.  This  equipment  is  kept  in  a  certain  place.  When  a 
fire  alarm  is  turned  in  this  equipment  can  be  sent  underground  and 
put  in  working  order  in  from  30  to  45  min.  With  this  equipment  we 
can  force  back  the  smoke  in  the  drifts  and  sometimes  succeed  in  reaching 
the  fire,  and  in  putting  it  out  before  very  much  damage  is  done.  We  have 
a  fire  in  the  Lowell  mine  that  has  been  burning  for  over  6  years  and  we 
have  gradually  encroached  on  the  fire  area  by  putting  in  concrete  bulk- 
heads and  thus  getting  ore  that  could  not  be  mined  before  on  account  of 
the  fire.  We  are  at  the  present  time  on  the  800-ft.  level  of  the  Gardner 
mine  driving  a  series  of  drifts  over  a  fire  area  similar  to  those  explained 
in  Mr.  Berrien's  paper.  We  are  putting  water  in  these  drifts  so  that 
it  may  percolate  through  the  broken  ground  to  the  fire  zone  below.  This 
fire  is  in  an  old  sulphide  area  which  has  been  stoped  out,  and  I  believe 
in  a  year  or  two  we  will  succeed  in  extinguishing  this  fire. 

The  Chairman. — Is  there  any  more  discussion  on  this  paper?  I 
would  like  to  ask  Captain  Hodgson  from  his  experience  fighting  fires  at 
Bisbee  what  he  considers  the  main  fundamental  precautionary  methods 
that  should  be  taken  in  the  average  mine.  Is  it  more  a  question  of  shafts 
in  the  right  place,  upcasts  and  downcasts,  or  water  lines  laid  throughout 
the  mine,  or  a  question  of  blocking  the  mine  off  into  sections  that  can  be 
closed  quickly,  or  what? 

J.  P.  Hodgson. — I  beheve  that  all  of  the  things  you  have  mentioned 
are  very  good,  but  in  such  mines  as  the  Copper  Queen  it  is  almost  im- 
possible to  do  all  of  them  in  every  case  as  the  property  is  so  extensive  and 
as  a  usual  thing  the  fire  breaks  out  where  you  don't  expect  it.  After 
careful  investigation  we  adopted  this  blower  and  have  it  in  reserve  so  that 
we  can  get  quick  action  after  an  alarm  is  turned  in.  It  is  lowered  and 
in  operation  in  from  30  to  45  min.  in  any  part  of  the  mine,  and  we  believe 
it  is  very  good  for  our  conditions.  Also,  at  the  Copper  Queen,  we  have 
fire  doors  to  block  off  the  different  parts  of  the  mine  so  that  in  case  of  a 
serious  fire  in  one  part  it  can  be  cut  off  and  the  balance  of  operations 
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proceed,  but  I  fear  I  could  not  say  which  is  the  best  way.  All  the  things 
mentioned  are  good  but  the  fire  usually  starts  in  the  wrong  place  and  with- 
out giving  due  notice.  We  also  believe  that  our  method  of  ventilation, 
keeping  the  mine  imder  pressure,  materially  assists  us  in  keeping  back 
our  fires. 

C.  A.  MiTKB,  Bisbee,  Ariz,  (communication  to  the  Secretary*). — 
I  am  interested  in  Mr.  Tally's  methods  of  fighting  mine  fires  at  the 
United  Verde  Copper  Co.  because  he  has  developed  a  system  of  mine 
ventilation  which  has  made  possible  the  mining  of  orebodies  that  are 
adjacent  to  fire  districts,  as  well  as  orebodies  which  are  actually  on 
fire.  Of  cpurse,  when  preliminary  work  is  being  done  in  the  way  of 
development  of  these  fire  areas  there  is  considerable  heat  to  contend 
with;  but  after  the  ventilation  has  been  arranged  the  miners  are  able 
to  stope  out  the  ore  with  almost  the  same  comfort  as  in  ordinary  ore- 
bodies  which  are  not  on  fire. 

Gardner  Fire  District, — Since  the  pressure  system  of  ventilation  was 
successful  at  the  United  Verde  Copper  Co.,  it  was  adopted  at  the  Copper 
Queen. 

There  are  similar  mine  fires  in  the  Copper  Queen,  as,  for  example, 
the  9-1  district  of  the  Gardner  division  where  a  fire  has  been  known  to 
exist  for  some  time.  About  2  years  ago  a  large  amount  of  carbon  dioxide 
came  from  this  district  on  the  1,000  level,  in  which  three  men  were  over- 
come. Steps  were  taken  to  inclose  it  by  means  of  doors,  and  to  have 
air  pressure  of  about  7  lb.  per  square  foot  surrounding  the  district  to 
prevent  its  spreading.  A  raise  was  driven  between  the  800  and  900 
levels  and  intermediate  drifts  separating  the  fire  country  from  live  work- 
ings. On  the  800  a  drift  and  a  number  of  crosscuts  were  driven  over 
the  hot  area.  Water  was  run  into  these  intermediate  drifts  and  crosscuts 
so  as  to  cool  the  country  rock.  An  exhaust  fan  was  used  to  draw  the 
air  from  the  top  of  the  drifts  and  allow  fresh  air  to  come  into  the  headings. 
At  present  the  amount  of  gas  and  heat  coming  from  this  district  has  been 
decreased  and  it  is  beUeved  that  in  a  short  time  the  district  will  be  cool 
enough  so  that  the  usual  ventilating  system  will  continue  to  cool  it 
without  the  continued  use  of  water. 

Cananea  Consolidated  Copper  Co. — ^About  2  years  ago  there  were 
several  fires  in  the  Veta  Grande  and  Oversight  mines  in  Cananea.  These 
fires  were  located  principally  in  timbered  drifts  and  stopes.  While  some 
of  them  were  easily  extinguished,  nevertheless  one  of  them  in  the  Veta 
Grande  required  considerable  work  done  by  men  using  oxygen  helmets. 
The  greatest  difficulty  was  experienced  in  getting  the  fire  under  control, 
on   account  of  there  being  no  comprehensive  scheme  of  ventilation. 

Rvlee. — ^There  should  be  a  set  of  rules  at  every  large  mine  which 

*  Eeoeived  September,  1916. 
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should  prescribe  first  for  the  safety  of  the  men  and  then,  for  combating 
the  fire.  The  importance  of  this  may  be  illustrated  by  the  Holbrook 
mine  fire  which  occurred  3  years  ago.  As  two  men  were  taken  out  of  a 
raise  on  the  500  level  when  they  were  overcome  with  gas,  we  asked 
the  foreman  if  he  had  a  pulmotor.  He  said  ''it  is  here  in  this  drift." 
The  pulmotor  had  been  there  for  20  min.  and  it  was  used  effectively  on 
a  shift  boss  and  assistant  superintendent.  When  helmets  were  required, 
they  were  available  immediately.  The  same  was  true  with  canvas, 
axes,  saws,  etc.  During  the  night  the  fire  was  sealed  up  entirely  and 
the  mine  was  in  operation  the  next  day.  The  importance,  therefore, 
of  having  all  necessary  supplies  on  hand  in  case  of  fire  cannot  be  over- 
estimated. 


Cost  and  Extraction  in  the  Selection  of  a  Mining  Method 

Discussion  of  the  paper  of  C.  E.  Abnold,  presented  at  the  Arisona  Meeting,  Sep- 
tember, 1916,  and  printed  in  Btdletin  No.  117,  September,  1916,  pp.  1519  to  1522. 

The  Chairman  (Percy  G.  Beckett,  Globe,  Ariz.). — ^When  you  are 
at  Miami  tomorrow,  you  will  see  a  very  interesting  comparison  on  the 
surface  of  the  two  mining  methods  that  are  being  employed  there  largely. 
In  the  case  of  the  surface  over  the  Inspiration  mining  method,  you 
won't  see  very  much  left  of  the  surface.  Everything  has  gone  down. 
In  the  case  right  at  the  line  of  the  Inspiration  ground  and  the  Mianu, 
you  will  see  that  the  surface  over  the  top  slicing  which  the  Miami 
company  has  been  doing  in  that  country  has  been  riding  down  evenly 
and  uniformly;  and  it  gives  a  very  marked  comparison  of  the  two 
types  of  mining,  and,  to  a  certain  extent,  of  the  different  degrees  of 
waste  dilution.  I  would  ilke  to  hear  from  Mr.  Maclennan  on  this 
subject.  ^ 

F.  W.  Maclennan,  Miami,  Ariz. — ^A  paper  based  on  percentage 
extraction  by  shrinkage  stoping  is  a  difficult  one  to  discuss  for  the  reason 
that  it  is  hard  to  arrive  at  extraction  figures  until  a  section  has  been 
completely  mined  out.  In  the  Miami  mine  we  are  using  a  method  of 
shrinkage  stoping  with  narrow  stopes  and  pillars.  This  ore  has  been 
completely  broken  up  and  we  have  started  in  at  the  far  end  to  draw  off 
the  ore  mass  maintaining  the  top  of  the  broken  ore  dipping  at  an  angle 
of  60°  away  frgm  the  direction  in  which  we  are  retreating.  A  very 
important  point  I  think  about  drawing  a  large  mass  of  ore  down  at  an 
angle  rather  than  trying  to  maintain  the  top  of  the  ore  more  or  less 
horizontal  is  that  drawing  at  a  steep  angle  has  a  tendency  to  create  a 
horizontal  movement  in  the  ore  mass  as  well  as  the  vertical  movement 
of  the  ore  traveling  down  to  the  drawing  off  chutes.  We  know  that 
this  takes  place  on  account  of  the  horizontal  movement  of  marked 
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blocks  which  were  placed  in  the  broken  ore  mass  at  the  time  of  stoping. 
This  horizontal  movement  tends  to  cut  off  and  break  up  pipes  and 
funnels  which  are  liable  to  open  up  through  the  ore  from  the  drawing  off 
chutesi  allowing  waste  to  drop  down  to  the  chutes  before  the  broken 
ore  surrounding  the  open  pipe  has  been  drawn  in. 

I  noticed  one  remark  made  by  Mr.  Lehman  in  presenting  his  paper, 
to  the  effect  that  ore  is  drawn  off  from  the  finger  raises  until  capping 
appears  in  these  raises.  When  this  occurs  the  drawing  off  is  considered 
completed  and  these  raises  are  sealed.  Our  experience  in  drawing  off 
ore  in  the  Miami  mine  would  indicate  that  this  is  not  always  reUable. 
In  many  cases  we  have  had  chutes  piped  clear  through  to  the  surface; 
allowing  capping  to  drop  down  to  the  chute  when  only  10  or  15  per  cent. 
of  the  expected  tonnage  from  this  chute  had  been  drawn.  When  this 
happens  we  seal  the  chute  off  temporarily  and  draw  other  chutes  sur- 
rounding it  for  a  few  days  and  then  resume  drawing  in  the  chute  in  which 
the  capping  appeared  with  the  result  that,  usually,  after  drawing  15 
or  20  tons  of  capping  the  ore  starts  to  run  again  and  may  continue  to  run 
for  several  hundred  tons  of  clean  ore  before  capping  again  appears. 
For  this  reason  I  believe  it  is  very  important  to  establish  a  horizontal 
movement  in  the  broken  ore  mass  in  order  to  break  up  these  vertical 
pipes  to  the  capping  and  also  to  help  break  up  the  thin  pillars  which  were 
left  between  the  stopes,  and  I  also  believe  it  is  important  to  have  the 
tonnage  record  from  each  individual  chute  so  that  an  indication  is  had 
of  whether  capping  appearing  in  a  chute  is  only  temporary  or  whether 
it  marks  the  final  stage  of  ore  drawing.  I  think  both  of  these  points 
have  a  very  important  effect  on  the  final  extraction  and  dilution  of  the 
ore  drawn. 


Power  Plant  of  the  Burro  Mountain  Copper  Co. 

Discussion  of  the  paper  of  Charles  Leorand,  presented  at  the  Arizona  Meeting, 
September,  1916,  and  printed  in  BtdUlin  No.  117,  September,  1916,  pp.  1531  to 
1538. 

The  Chairman  (B.  B.  Gottsberger,  Miami,  Ariz.). — I  think  this 
experience  of  the  Burro  Mountain  Copper  Co.  with  oil  engines  as  de- 
scribed by  Mr.  Legrand  comes  at  a  very  opportune  time.  The  fuel 
almost  universally  used  in  the  mine  power  plants  of  the  Southwest  is 
oil.  Additional  economy  in  its  use  for  power  production  is  much  to  be 
desired.  In  the  case  of  the  Miami  Copper  Co.,  we  have  lately  found  it 
necessary  to  enlarge  our  power  plant  and,  based  on  the  experience  of  the 
Burro  Mountain  Copper  Co.,  we  have  decided  to  install  oil  engines  similar 
to  those  in  their  plant.  I  think  it  would  be  very  interesting  to  have  some 
discussion  on  this  subject.    Mr.  Langton,  did  you  tell  me  you  had  prepared 

some  remarks? 
11 
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John  Langton,  New  York,  N.  Y. — This  is  an  exceedingly  useful 
paper.  The  plant  it  describes  constitutes  a  long  step  in  advance,  and  a 
bold  step;  and  it  is  pleasant  to  know  that  the  courage  needed  to  under- 
take it  has  been  rewarded  by  success.  We  have  known  that  Diesd 
engines  have  been  gradually  and  carefully  developed  by  at  least  three 
manufacturers  in  Europe  to  units  of  large  size,  and  of  demonstrated 
reliability  with  the  fuel  oils  there  used.  We  knew  that  in  getting  the 
fuel  oil  into  the  cylinders  and  igniting  it/ European  practice  had  dealt 
with  fuels  more  difficult  than  viscous  Califomia  oil.  But  where  the 
same  viscosity  is  accompanied  by  a  different  composition,  the  parallel 
ends  at  combustion.  All  contracts  for  California  fuel  oil  as  used  for 
boilers  and  furnaces  in  Arizona  contain  a  clause  allowing  a  small  quantity 
of  sand.  This  oil  is  the  only  form  of  fuel  we  can  depend  upon,  both 
in  quantity  and  price,  on  which  to  base  reliable  estimates  of  the  fuel- 
oil  costs  of  operating  Diesel  engines  in  Arizona.  As«compared  with  the 
known  conditions  of  European  practice,  there  remained  the  serious  ques- 
tion whether  the  sand  allowance,  together  with  any  other  ash  content 
of  asphaltum-base  Califomia  oil,  might  not  form  enough  grit  to  cause 
prohibitive  wear  in  the  cylinders.  The  Tyrone  plant  has  done  us  the 
very  great  service  of  definitely  determining  this  cardinal  matter. 

The  Tyrone  plant  has  also  settled  another  minor  but  weighty  point 
that  has  heretofore  been  a  troublesome  item  in  estimating  op^^ting 
costs;  that  is,  the  quantity  and  cost  of  lubricating  oils  consumed.  The 
table  of  costs  in  Mr.  Legrand's  paper  shows  that  lubricating-oil  cost  is 
more  than  8  per  cent,  of  the  fuel-oil  cost  at  Tyrone;  and  since  the  average 
cost  of  fuel  oil  at  Arizona  points  is  only  $1.45,  instead  of  the  $1.85  to 
$1.96  per  barrel  stated  for  Tyrone,  the  figures  he  gives  for  lubrication 
would  add  not  less  than  10  per  cent,  to  the  fuel-K>il  cost  in  an  Arizona 
plant.  Considerable  as  this  is,  it  is  only  half  of  what  we  have  hereto- 
fore felt  obliged  to  allow  in  estimating  the  cost  of  lubrication.  This 
notable  reduction  is  in  part  quantity  and  in  part  price  per  gallon.  By 
inadvertence  the  quantity  of  lubricating  oil  and  its  cost  per  gallon  were 
omitted  from  Mr.  Legrand's  paper.  He  has  given  me  these  figures  with 
permission  to  state  them.  The  monthly  consumption  of  one  engine 
running  continuously  is: 

175  gal.  of  cylinder  oil  at  42c.  per  gallon. 
170  gal.  of  engine  oil  at     28e.  per  gallon. 

At  the  1,250-b.hp.  sea-level  rating  of  these  engines,  these  figures 
correspond  to: 

$1.16  cost  of  lubrication  per  brake  horsepower-year  of  rating  and 
1.36  grams  of  lubricating  oil  per  brake  horsepower-hour  of  rating. 

I  have  stated  the  quantity  of  oil  in  grams  ,in  order  to  compare  with  the 
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figures  for  estimation  given  by  two  European  manufacturers.    They 
were: 

2  to  3  grams  given  me  by  one  manufacturer  and 

2  to  2.5  grams  given  to  Mr.  Legrand  by  another  manufacturer  in  another  country. 

The  experience  at  Tyrone  does  not  cover  the  question  of  what  sulphur 
content  is  permissible  in  the  fuel.  I  understand  from  Mr.  Legrand  that 
there  was  less  than  1  per  cent,  sulphur  in  the  fuel  oil  at  Tyrone.  In 
Europe,  I  foimd  that  sulphur  was  a  great  bugbear,  but  from  such  inquiries 
as  I  was  able  to  make,  and  from  what  others  tell  me  of  their  inquiries, 
there  is  a  considerable  difference  of  opinion  as  to  what  sulphur  content  is 
permissible.  One  maker  stated  explicitly  that  up  to  1  per  cent,  sulphur 
gives  no  trouble  in  the  cylinders,  provided  there  is  a  suitable  quaUty  of 
cylinder  oil,  but  that  2  per  cent,  is  the  practical  limit  of  sulphur  with  any 
quaUty  of  cylinder  oil.  On  the  other  hand,  another  maker  referred  to 
their  engines  running  satisfactorily  on  Rumania  oil  with  3  per  cent, 
sulphur.  I  was  informed  that  the  bad  effect  of  sulphm*  seems  to  be  wear 
of  the  cyUnder,  not  by  corrosion,  but  indirectly  by  destroying  the  lubrica- 
tion. It  is  possible  that  the  low  cost  of  cyUnder  oil  at  Tyrone,  both  in 
quality  and  quantity,  may  be  due  to  the  low  sulphm*.  That,  however, 
does  not  affect  the  value  and  certainty  of  the  Tyrone  figures  to  us  in 
Arizona,  where  the  fuel  oil  is  identical  with  the  Tyrone  oil. 

Thanks  to  this  valuable  paper,  we  can  now  estimate  with  confidence 
both  fuel  oil  and  lubrication  costs.  Operating  labor  can  be  foretold 
with  a  close  degree  of  accuracy,  and  the  minor  item  of  supplies  with  a 
sufficient  degree  of  approximation.  The  interest  and  amortization 
charges  are  definitely  fixed,  as  a  matter  of  opinion  or  policy  based  on  the 
conditions  of  the  industry  that  the  power  plant  serves.  There  only  re- 
mains the  very  important  item  of  maintenance.  That  is  not  yet  de- 
termined at  Tyrone.  But  when  it  is  determined  for  that  plant,  I  fear 
that  it  will  be  of  but  sUght  help  to  others.  In  plants  consisting  of  a 
few  large  and  costly  units,  individual  good  or  bad  fortune  must  always  be 
a  very  large  factor  in  repair  costs.  In  estimating  maintenance,  all  we 
can  do  is  to  try  and  be  on  the  safe  side  and  allow  for  a  larger  cost  than  we 
can  imagine  to  be  possible.  Whether  the  results  show  surplus  or  deficit 
in  this  item  is  a  question  of  good  or  bad  fortune  at  the  plant,  and  of 
whether  the  estimator  is  a  pessimist  or  an  optimist . 

S.  J.  EdDDER,  Mogollon,  N.  M. — There  is  one  question  I  would  Uke 
to  ask  as  to  the  cost  of  lubrication  per  brake  horsepower  year.  It  was 
stated  that  it  was  based  on  1,250  hp.  as  the  load  of  the  engine. 

John  Langton. — The  rating  of  the  engine,  I  might  have  said,  in 
order  to  estimate  the  canying  load,  the  cost  of  oil  being  comparatively 
small. 
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A  Comparatiye  Test  of  the  Marathon,  Chilean  and  Haidinge  Mills 

Discussion  of  the  paper  of  F.  C.  Buckensderfbr,  presented  at  the  Arizona  Meeting, 
September,  1016,  and  printed  in  BuUeiin  No.  116,  August,  1916,  pp.  1333  to  ia4S. 

The  Chairman  (B.  B.  Gottsbergbr,  Miami,  Ariz.). — On  your 
trip  today  through  the  Inspiration  and  Miami  mills  you  have  seen  in 
actual  operation  the  machines  which  represent  the  changes  adopted  in 
grinding  methods  in  the  Miami  district  from  the  beginning  of  operations 
in  March,  1911.  In  one  section  of  the  Miami  plant  are  three  Chilean 
mills  not  yet  discarded,  representing  the  first  machines  adopted.  In 
another  section,  pebble  grinding  is  still  in  operation,  while  in  the  balance 
of  the  plant,  pebbles  have  been  replaced  with  iron  balls.  In  all  cases 
these  machines  are  handling  a  feed  which  is  the  product  of  roll  grinding 
down  to  about  H  i^*  ^^  size.  The  latest  step  in  grinding  in  the  district, 
you  saw  at  the  Inspiration  plant,  where  in  Marcy  mills  a  feed,  the  larger 
pieces  of  which  remain  on  a  2-in.  opening,  is  being  reduced  in  one  opera- 
tion to  a  product  of  which  only  about  3  per  cent,  remains  on  the  48-mesh 
screen.  A  detailed  comparison  of  the  methods  used  at  the  two  plants 
would  be  very  instructive  but  our  own  work  at  Miami  has  not  yet  reached 
a  point  where  such  a  comparison  is  possible,  the  reason  being  that  our 
final  product  is  not  yet  fine  enough.  By  means  of  larger  Hardinge  mills 
operating  in  closed  circuit  with  Dorr  classifiers  soon  to  be  installed  in 
one  section  of  the  plant,  we  h9pe  to  obtain  under  properly  balanced 
operating  conditions  the  same  end  result  as  at  Inspiration.  It  might 
interest  you,  however,  to  know  some  of  the  results  we  have  obtained  here 
by  the  substitution  of  balls  for  pebbles.  With  pebble  grinding,  using 
three  8-ft.  by  22-in.  mills,  followed  by  one  8-ft.  by  66-in.  mill  for  regrinding 
the  coarse  product  of  the  primary  nulls,  we  handled  636  tons  per  24  hr. 
in  one  section  of  the  plant.  Substituting  balls  for  pebbles  in  the  first 
operation  and  using  two  mills  in  place  of  three  we  obtained  a  tonnage  of 
714  tons  to  the  section.  With  the  use  of  balls  both  in  the  primary  mills 
and  in  the  regrinding  mills,  the  tonnage  for  one  section  was  raised  to 
822  tons  per  day.  Coincident  with  this  increase  in  tonnage,  we  also 
obtained  a  greater  efficiency.  The  use  of  p)ebbles  in  all  mills  showed 
21.5  per  cent,  plus  48-mesh  material  in  the  final  tailing,  which  figure 
was  reduced  to  13.9  per  cent,  for  balls  followed  by  pebbles,  and  to 
4.6  per  cent,  with  the  use  of  balls  both  in  the  primary  and  regrinding 
mills. 

We  should  be  able  to  have  an  interesting  discussion  on  this  subject 
this  afternoon  if  some  of  the  mill  men  present  will  participate,  particularly 
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as  we  have  before  us  Mr.  Blickensderfer's  paper,  presenting  what  may 
be  one  step  more  in  the  evolution  of  fine  grinding. 

R.  B.  Yerka,  Miami,  Ariz. — I  would  like  to  ask  if  the  Marathon 
mill  can  operate  at  such  a  tonnage  as  to  produce  the  same  product  in 
fineness  as  that  produced  by  the  Hardinge  and  Chilean  mills? 

F.  C.  Blickensdebfeb. — At  the  time  this  paper  was  published, 
such  had  not  been  the  case.  However,  the  Marathon  mills  of  the  larger 
type,  now  in  operation  at  the  Burro  Mountain  Copper  Co.,  are  grinding 
considerably  finer  than  any  product  mentioned  in  this  paper.  Those 
mills  at  Tyrone  are,  roughly  speaking,  operating  on  300  dry  tons  per  24 
hr.,  and  are  grinding  this  down  from  15  to  18  per  cent,  on  plus  48.  The 
power  consumed  is  about  48  and  the  energy  units  corrected  for  ton- 
nage are  130,000. 

A.  P.  Watt,  St.  Francois,  Mo. — ^I  was  much  interested  in  reading 
Mr.  Blickensderfer's  paper  comparing  the  efficiency  of  the  Chilean, 
Hardinge  and  Marathon  mills.  The  question  of  fine  grinding  is  now 
receiving  considerable  attention  in  southeast  Missouri.  At  present  the 
jig  middhng,  which  is  through  10-mm.  on  2-mm.,  is  generally  crushed  in 
roUs.  One  company,  however,  is  using  a  Chilean  mill  and  another 
company  is  using  a  Himtington  mill  for  this  piirpose.  ,  Recently,  how- 
ever, the  use  of  pebble  and  ball  mills  has  been  considered  for  solving  the 
problem  of  fine  grinding.  Hardinge  and  Marcy  mills  are  in  regular 
operation  in  the  district  for  the  grinding  of  middling  and  two  companies 
are  to  install  Marathon  mills  for  the  same  purpose. 

By  reason  of  our  grinding  problem  I  was  much  interested  in  Mr. 
Blickensderfer's  paper,  but  as  I  read  it  a  few  questions  arose  in  my 
mind.  One  was  that  in  the  test  the  Marathon  was  using  metallic  rods 
and  was  being  compared  against  the  Hardinge  which  was  using  pebbles. 
It  is  well  known  that  the  use  of  steel  pebbles — so  termed — in  the  Hardinge 
mill  increases  its  efficiency.  I  wondered  if  that  fact  had  been  given 
consideration  in  later  tests  by  running  the  Marathon  against  the  Hardinge, 
using  steel  pebbles  instead  of  fiint  pebbles  in  the  Hardinge.  I  noticed 
that  the  Marathon  feed  contained  about  63  per  cent,  solids  while  the 
Hardinge  mill  feed  contained  but  40  per  cent.  Would  not  an  increase 
in  the  percentage  of  solids  in  the  feed  to  the  Hardinge  increase  the  effi- 
ciency of  that  machine? 

I  would  like  to  ask  as  a  matter  of  information  whether  the  rods  in 
the  Marathon  mill  still  retain  their  cylindrical  shape  after  continual 
use  or  if  they  become  elliptical?  Also,  do  the  rods  retain  the  same 
diameter  at  both  ends  after  use,  or  do  the  rods  at  the  feed  end  wear  more 
than  at  the  discharge  end? 

F.  C.  Blickensderper. — In  answer  to  the  first  question,  as  to 
whether  or  not  we  have  tried  steel  balls  in  the  Hardinge  mill,  I  wiU  say, 
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"  no. "  The  idea  of  using  steel  balls  in  cylindrical  grinding  machines  was 
just  being  introduced.  The  second  question  regarding  the  wear  of  rods  is 
one  which  I  failed  to  make  suflBciently  clear.  The  rods  used  in  the  small 
Marathon  mill  of  7-ft.  length,  wore  almost  uniformly  from  end  to  end  until 
they  reached  a  diameter  of  H  "i-  After  that  some  of  them  would  flatten 
out,  take  an  elliptical  shape,  and  all  rods  would  wear  with  a  slight  taper- 
ing toward  the  feed  end,  due  no  doubt  to  the  fact  that  the  particles  of 
coarse  feed  kept  the  rods  at  a  greater  distance  apart  in  the  region  of  the 
head  end  than  at  the  discharge  end,  so  that  the  surfaces  of  the  rods  at 
the  head  end  were  constantly  exposed  to  rock.  The  tail  end  was  occu- 
pied by  finer  particles  of  pulp.  Lately,  in  our  present  practice,  due  to 
abnormal  conditions  regarding  the  supply  of  steel,  we  have  not  obtained 
successful  results  by  using  the  present  supply  of  rods.  This,  I  think,  is 
due  to  poor  steel.  We  have  had  rods  1  in.  in  diameter  break  in  two. 
We  have  had  rods  nearly  J^  in.  in  diameter  go  into  the  shape  of  an  el- 
lipse, and  then  again  we  have  had  defective  castings.  These  are  mechan- 
ical defects  that  are  well  on  the  way  to  perfection,  and  will  not  seriously 
retard  the  ultimate  success  of  the  mill. 

R.  B.  T.  KiLiANi,  New  York,  N.  Y. — Mr.  Blickensderfer^s  paper  is 
of  considerable  interest  as  it  gives  the  first  published  and  authoritative 
data  on  the  operation  and  performance  of  the  Marathon  mill  and  to 
this  extent  it  may  be  considered  an  interesting  contribution  to  our 
knowledge  of  milling  machinery.  No  data  are  given  as  to  the  metal- 
lurgical results  obtained  with  the  different  machines,  and  to  this  extent, 
it  is  not  conclusive  as  to  their  relative  suitability  for  the  work  under  con- 
sideration. The  extraction  and  grade  of  concentrate  obtained  by  the 
use  of  various  types  of  grinding  equipment  are  naturally  of  at  least  equal 
importance  to  their  actual  mechanical  efficiency.  In  other  words,  the 
net  profit  per  ton  of  ore  handled  is  the  final  criterion  of  economic  effi- 
ciency. The  mills  were  not  operated  at  the  same  time,  and  no  attempt 
was  made  to  vary  the  conditions  of  operation  to  obtain  the  maximum 
efficiency  from  each,  except  possibly  in  the  case  of  the  Marathon  mill. 
For  these  reasons,  it  is  not  a  "comparative  test,"  although,  as  above 
meijitioned,  thanks  are  due  the  author  for  some  interesting  data. 

The  Chilean  and  Hardinge  mills  were  operated  together  for  a  period 
of  63  days,  but  after  the  first  30  days,  it  became  necessary  to  shut  down 
the  Hardinge  for  relining,  as  it  was  started  with  an  old  lining.  Owing 
to  the  type  of  lining  used,  flint  pebbles  set  in  cement,  a  longer  time  should 
have  been  allowed  for  this  work,  and  especially  for  the  cement  to  set,  than 
the  2.36  days  stated  by  the  author.  The  short  life  of  159  days  for  the 
lining  of  the  Hardinge  mill  may  be  ascribed  to  this  fact,  as  well  as  other 
conditions  which  will  be  taken  up  later.  The  actual  percentage  of  time 
lost  through  all  delays  in  the  operation  of  Hardinge  nulla  at  other  plante 
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is  well  under  1.5  per  cent.,  when  proper  care  is  taken  that  they  operate 
under  conditions  which  have  been  found  to  be  best.  The  life  of  the  same 
type  of  lining  at  the  plant  of  the  Arizona  Copper  Co.,  immediately 
adjoining  the  Detroit  Copper  Mining  Co.,  is  as  high  as  400  days,  with  an 
average  life  of  over  200  days. 

Two  other  conditions  to  which  may  be  ascribed  the  short  life  of  the 
lining  are  the  dilution  of  the  pulp  and  the  speed  at  which  the  mill  is 
operated.  It  is  a  well-known  fact  that  for  most  efficient  operation  of  a 
pebble  mill,  the  solids  in  the  pulp  should  be  in  the  neighborhood  of  60 
to  70  per  cent.,  and  under  these  conditions,  the  wear  of  the  lining  is  very 
much  reduced.  The  speed  of  the  mill  of  29  r.p.m.,  mentioned  by  the 
author,  is  too  high  for  this  type  of  lining,  since  the  action  of  the  pebbles 
is  such  that  they  are  thrown  across  the  null  and  strike  the  lining  instead 
of  acting  upon  the  pulp.  This,  of  course,  causes  the  lining  to  wear  out 
faster  than  would  otherwise  be  the  case.  These  two  conditions  of  pulp 
consistency  and  speed  of  the  Hardinge  mill  also  affect  the  consumption 
of  p)ebbles,  which  is  very  considerably  higher  than  that  at  the  No.  6 
concentrator  of  the  Arizona  Copper  Co.,  which  was  1.334  lb.  per  ton 
ground,  for  the  year  1914,  as  against  the  figure  of  2.33  lb.,  as  given  in  the 
paper  under  discussion. 

More  important,  however,  than  the  effect  upon  consiunption  of  lining 
and  grinding  mediimis  of  these  two  factors  of  speed  and  pulp  dilution,  are 
their  effect  upon  the  capacity  obtained  from  the  mill.  It  has  been  found 
that  a  dilute  pulp  with  a  high  percentage  of  moisture,  tends  to  very  much 
decreased  capacity  and  somewhat  higher  power.  Curves  and  other  data 
showing  the  effect  of  pulp  dilution  on  capacity,  fineness  of  grinding,  effi- 
ciency, and  power  have  been  published  for  the  past  7  or  8  years,  and  it 
would  therefore  be  merely  a  repetition  to  give  these  in  this  discussion. 
Suffice  it  to  say,  however,  that  the  efficiency  of  pebble  mills  has  been  in- 
creased over  50  per  cent,  by  thickening  the  pulp  fed  to  them.  Had  experi- 
ments been  made  to  ascertain  the  proper  speed  and  pulp  density,  the 
results  with  the  Hardinge  mill  would  have  been  much  more  satisfactory. 

As  already  mentioned,  no  information  is  given  as  to  the  metallurgical 
results  obtained  with  the  different  machines,  other  than  the  statement 
that  the  total  recovery  after  the  Marathon  mill  "was  almost  exactly  the 
same"  as  with  the  Chilean  mills.  It  is  a  well-known  fact  that  the  recovery 
by  gravity  concentration  when  grinding  in  Chilean  mills  is  lower  than  when 
the  ore  is  ground  in  pebble  nulls  of  the  conical  type.  This  does  not 
necessarily  hold  true  when  flotation  follows  gravity  concentration,  but 
it  is  found  that  the  grade  of  the  concentrate  is  lower,  and  that  it  contains 
a  higher  percentage  of  insoluble  matter,  when  grinding  in  Chilean  mills. 
The  Marathon-mill  discharge,  however,  owing  to  the  fact  that  it  does  not 
contain  very  much  minus  48-mesh  material,  requires  regrinding  in  some 
other  type  of  machine  in  order  to  obtain  the  extraction  and  grade  of  con- 
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centrate  resulting  when  grinding  the  same  ore  in  the  Hardinge  mill.  By 
referring  to  the  author's  data)  we  find  that  a  considerably  greater  pro- 
portion of  the  Hardinge-mill  product  is  finished  than  is  the  case  with  that 
of  the  Marathon  mill. 

Mention  is  made  in  the  author's  paper  of  the  fact  that  metal  pebbles 
are  being  used  in  place  of  flint  for  grinding  in  Hardinge  mills,  and  the 
qup«tion  arises  why  these  were  not  tried  at  the  plant  under  consideration, 
a&  it  IS  a  known  fact  that  the  efficiency  of  the  machine  is  increased  by 
their  use,  provided  the  same  volimie  is  used  as  of  flint  pebbles.  It  has 
also  been  found  that  they  are  cheaper  than  flint,  considering  all  items  of 
expense,  except  in  certain  exceptional  cases.  Another  point  in  favor 
of  their  use,  is  the  fact  that  increased  recovery  can  be  obtained  without 
the  exp)ected  higher  grinding  cost.  Another  fact  which  might  be  mentioned 
at  this  point,  is  that  operating  the  mill  in  closed  circuit  with  a  Dorr,  or 
other  similar  classifier,  increases  the  efficiency  and  therefore  decreases 
the  grinding  cost.  It  might  be  claimed  that  a  similar  increase  in  effi- 
ciency would  be  obtained  by  operating  the  Marathon  mill  in  a  similar 
manner,  but  this,  to  the  writer's  mind,  is  doubtful,  owing  to  the  much 
greater  circulating  load,  due  to  the  fact  that  this  machine  is  unable  to 
grind  fine,  except  in  larger  machines  where  the  capacity  drops  and  the 
power  increases  very  rapidly. 

Fol*  a  true  comparative  test,  both  machines  should  be  operated  side 
by  side,  taking  the  same  feed  and  delivering  the  same  final  product,  and 
the  metallurgical  results  obtained  with  each  taken  into  consideration. 
The  Hardinge  mill  should  also  be  operated  with  a  metal  lining  and  should 
use  metal  pebbles,  since  it  would  then  be  using  the  same  class  of  grinding 
mediums  as  its  competitor.  It  would  naturally  be  absurd  to  suggest 
the  use  of  a  flint  lining  and  flint  rods  in  the  Marathon  mill,  but  the  other 
has  been  proven  to  be  entirely  practicable.  Should  such  a  test  be  made, 
it  would  be  interesting  to  compare  the  results  with  those  reported  in  Mr. 
Blickensderfer's  paper. 

F.  C.  Blickensderfer. — It  is  mentioned  in  this  paper  that  the  total 
unit  tonnage  of  440  tons  per  24  hr.  was  sent  through  the  small  Marathon 
mill.  On  the  other  unit  we  had  three  Chileans  in  operation.  This  test  ex- 
tended over  4  days,  so  we  were  reasonably  safe  in  drawing  our  conclusions. 
There  was  a  difference  of  less  than  1  per  cent,  in  the  extraction  of  the  two 
units,  operating  as  I  have  outlined  to  you.  It  has  always  been  our  custom 
to  assay  the  mesh  sizes  of  all  screen  analyses  made  in  the  concentrator. 
I  am  not  able  to  answer  the  question  as  to  what  condition  the  material 
on  the  screen  sizes  was  in  for  concentration.  There  are  no  accurate 
methods  for  separating  mineral  from  gangue  in  exactly  the  same  manner 
as  the  gravity  machines  do.  The  nearest  thing  I  know  of  is  by  means  of 
a  heavy  solution  of  mercuric  iodide  and  potassium  iodide,  with  a  specific 
gravity  of  about  3.20.    That  portion  of  ore  which  sinks  is  concentrates; 
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that  which  floats  is  tailings.  There  is  a  very  definite  separatory  action 
in  this  method.  In  incorporating  this  method  of  separating  the  con- 
centratable  material  from  the  gangue  in  the  screen  sizes,  much  difficulty 
was  encountered,  especially  in  treating  slimes,  so  that,  to  my  knowledge 
at  present  it  is  an  open  question  as  to  the  determination  of  the  free  mineral 
in  the  screen  sizes. 

The  Hardinge  mill  slimed  slightly  less  of  the  total  material  fed  to  it. 
The  Hardinge  mill  slimed  a  little  more  of  the  mineral  fed  to  it,  as  com* 
pared  with  the  Chilean  and  Marathon.  The  method  of  determining  to 
what  extent  the  mill  slimes  mineral  was  as  follows:  All  of  the  material 
in  the  feed  which  remains  on  a  200-mesh  screen  was  assayed  and  its  copper 
content  obtained  by  multipl3ring  per  cent,  weight  by  per  cent,  copper. 
Then  all  of  the  material  in  the  product  which  remains  on  a  200-mesh 
screen  was  assayed  and  its  copper  content  similarly  obtained.  Sub- 
tracting the  copper  content  thus  obtained  in  the  tails  from  the  copper 
content  in  the  heads  gives  the  copper  content  of  the  material  actually 
slimed  in  the  process  of  grinding.  Proof  of  Statement  that  Hardinge 
Mill  Slimes  More  Mineral  than  Chilean. 

Assume  Weight  of  100  Tons 

rp  _-  Per  Cent.  Tons 

Copper  Copper 

Total  +  200-mesh  pulp  in  Hardinge  feed 91.63  1.03  0.944 

Total  +  200-mesh  pulp  in  Hardinge  product....      68.15  1.01  0.688 

Material  actually  crushed  to  -  200-me8h 23 .  48  1 .  09  0 .  256 

Assay  of  material  actually  crushed  to  —200  =  1.09  per  cent,  copper. 
And  in  case  of  Chilean  mill: 

Tom  ^^  ^®°*-  '^°°' 

Copper  Copper 

Total  +  200-me6h  pulp  in  Chilean  feed 83.46  1.15  0.960 

Total  +  200-me8h  pulp  in  Chilean  product ....       58 .  98  1.19  0 .  702 

Material  actually  crushed  to  ~200-mesh 24 .  48  1 .  05  0 .  258 

Assay  of  material  actually  crushed  to  —200  =  1.05  per  cent,  copper. 

Hence,  the  Hardinge  mill  has  slimed  more  mineral  to  produce  an 
assay  of  1.09  per  cent,  copper  than  the  Chilean  in  producing  an  assay 
of  1.05  per  cent. 

S.  J.  Jennings,  New  York,  N.  Y. — I  would  like  to  ask  Mr.  Blickens- 
de]*fer  a  question.  In  his  explanation  of  the  action  of  the  Marathon  mill, 
he  shows  a  diagram  which  does  not  seem  to  differentiate  between  the 
two  possible  actions  that  take  place  in  the  mill — one  is  a  crushing  action 
and  the  other  is  a  grinding  action.  If  we  rotate  a  cylindrical  mill  some- 
what rapidly  so  that  the  pebbles  are  entrained  on  the  up  side  and  fall, 
we  would  have  a  crushing  action.  If  the  rapidity  of  rotation  is  not  suffi- 
ciently great  to  entrain  the  pebbles  on  that  side  but  merely  to  raise  them 
up  sufficiently  and  allow  them  to  go  back,  you  have  a  continuous  grinding 
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action.  I  would  Uke  to  ask  Mr.  Blickensderfer  if  the  Marathon  mill  was 
run  at  such  a  speed  as  to  get  a  crushing  action,  or  a  grinding  action.  I 
assume  from  the  fact  that  the  rods  wear  evenly,  with  the  small  difference 
he  has  noted,  he  has  merely  a  grinding  action  in  his  mill;  but  I  would  like 
to  know  that  definitely. 

F.  C.  BucKENSDBRFBR. — We  havo  going  on  in  the  Marathon  mill 
both  a  grinding  and  a  crushing  action.  In  the  explanation  referred  to,  I 
purposely  inserted  the  words  ''strike"  and  "rolling  together."  Of  the 
charge  of  rods,  when  observed  inside  the  revolving  mill  about  one-third 
is  flying  through  the  air  and  the  other  two-thirds  are  exercising  a  rolling 
action  on  one  another.  This  is  better  illustrated  by  standing  near  a 
Marathon  miU  and  hearing  the  constant  striking  of  rods  as  they  leave  the 
periphery  and  travel  across  to  the  opposite  part  of  the  mill. 

R.  8.  Handt,  Kellogg,  Idaho. — ^In  the  Marathon  mill,  in  the  matter 
of  keeping  them  parallel — ^when  the  rods  wore  to  small  diameters,  was 
there  any  difficulty  in  the  rods  getting  crossed  and  not  maintaining 
parallel  relationship? 

F.  C.  Blickensdebfbb. — ^We  foimd  that  about  8  days'  time  was  the 
limit  that  these  mills  could  run  without  having  the  rods  changed.  The 
rods  in  the  8  by  12  mill  catch  hold  of  something  and  they  twist  up  and  form 
all  kinds  of  grotesque  shapes;  it  is  time  to  stop  the  mill.  The  operator 
should  keep  close  watch  and  remove  the  small  twisted  rods  whenever  a 
few  appear  in  the  top  of  the  charge.  In  most  cases,  we  straighten  them 
out  and  put  them  back  in  again.  The  smaller  ones  are  thrown  away, 
and  the  load  of  rods  brought  back  to  about  7  tons,  which  is  determined 
by  filling  the  mill  exactly  one-half  full  of  rods. 

R.  B.  Ybrxa. — I  would  like  to  ask  what  the  tonnage  was  on  the  opera- 
tion with  Chilean  mills  when  the  test  was  made  to  find  out  what  the 
recovery  was  between  the*  two  different  methods  of  grinding. 

F.  C.  Blickenbdbbfbb. — ^The  tonnage  was  approximately  the  same. 
We  had  plunger-type  feeders  which  governed  the  tonnage  by  the  dis- 
tance the  gate  was  opened.  We  carried  those  gates  at  the  same  height, 
and  the  mill  bins  being  filled  at  the  same  time,  the  tonnage  of  the  two 
units  would  be  approximately  the  same — ^within  6  per  cent.  I  would  say. 

The  Chairbcan. — I  think  we  all  ought  to  be  grateful  to  Mr.  Blickens- 
derfer, in  the  first  place  for  this  paper,  and  again  for  his  very  full  answers 
to  our  questions.  I  think  that  at  times  when  we  get  to  discussing  a 
question  of  this  kind,  we  are  apt  to  give  the  impression  that  we  may  be 
criticizing,  but  I  hope  Mr.  Blickensderfer  does  not  feel  that  way  in  this 
case,  as  I  believe  he  has  brought  something  forward  that  is  going  to  make 
us  think.  Present-day  methods  of  concentration  for  handling  the  so- 
called  disseminated  copper  ores  call  for  fine  grinding  and  it  will  only  be 
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by  comparifion  of  results  obtained  at  different  plants  that  progress  will 
be  made. 

Referring  to  the  results  in  the  present  paper,  I  am  impressed  by  the 
fact  that  taking  —  48-mesh  product  as  the  desired  result,  the  Marathon 
mill  yields  a  comparatively  coarse  product — one  which  in  our  case  would 
not  be  suitable  for  the  work  we  have  to  do.  If  Mr.  Blickensderfer  would 
not  mind  answering  one  more  question,  I  would  like  to  ask  if  he  thinks 
putting  the  mills  in  closed  circuit  with  drag  classifiers  would  help  in 
the  fineness  of  the  product. 

F.  C.  Blicebnsdebfsb. — ^In  the  efficiency  comparison  of  these 
machines,  I  call  your  attention  to  the  fact  that  the  Marathon  mill  when 
running  with  a  tonnage  of  440  turned  out  an  efficiency,  corrected  for 
tonnage,  of  143,000.  When  it  was  running  as  a  finishing  mill,  taking  235 
tons,  in  24  hr.  its  efficiency  was  107,000.  Now,  I  take  it  from  those  two 
figures  that  if  the  Marathon  mill  was  filled  up,  so  to  speak,  with  coarse 
material  from  its  own  discharge,  much  better  results  could  be  obtained. 
I  have  never  seen  any  figures  on  those  mills  grinding  in  closed  circuit. 

C.  W.  Mbbrill,  San  Francisco,  Calif. — I  am  not  going  to  ask  Mr. 
Blickensderfer  a  question.  I  am  going  to  congratulate  him.  We  men 
who  have  been  studying  the  evolution  of  fine  grinding  in  connection  with 
gold  milling  for  the  past  20  years  have  always  rebelled  a  little  at  the  spher- 
ical contact — ^the  point  contact  that  we  have  had  to  contend  with  in  all 
of  the  ball  mills.  We  have  felt  that  it  was  an  extravagance  of  power  that 
eventually  would  be  eliminated;  and  when  we  prepared  our  paper  for 
the  International  Engineering  Congress  on  the  subject  of  fine  grinding, 
we  ventured  to  predict  that  the  knowledge  we  had  of  the  small  Marathon 
mill  would  result  in  just  such  work  as  Mr.  Blickensderfer  has  explained 
to  us  today.  I  think  there  is  a  new  principle  involved  in  this  machine — 
that  of  linear  contact,  as  compared  with  spherical  contact — and  I  want 
to  express  my  appreciation  of  the  work  Mr.  Blickensderfer  has  done. 

F.  C.  Bliceensderfeb. — I  feel  as  though  I  ought  to  make  a  few 
remarks.  I  should  like  to  thank  the  Institute  as  a  whole,  and  the  mem- 
bers, individually,  who  have  been  so  kind  as  to  bring  up  these  points. 
They  seem  to  have  brought  out  a  better  imderstanding  regarding  this 
mill.  In  publishing  this  paper,  I  wanted  to  be  sure  that  we  were  right 
in  drawing  our  conclusions  concerning  the  Marathon  mill.  I  feel  that 
everything  which  has  been  said  has  been  corrected  in  so  far  as  it  was 
possible  to  correct  it.  It  might  be  of  passing  interest  to  note  that 
every  sample  taken  from  the  mill,  all  screen  analyses,  and  all  meter  read- 
ings were  made  by  the  writer.  It  is  not  for  the  Marathon  mill  alone  that 
I  stand,  but  it  is  for  the  principle  of  the  grinding  element  which  the  gen- 
tleman has  just  mentioned;  and  I  think,  and  predict  with  equal  empha- 
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sis  that  within  another  5  years  your  ideas  on  the  subject  of  fine-grinding 
machinery  will  have  a  different  viewpoint. 

Robert  Frankb,  Miami,  Ariz. — I  would  Uke  to  make  a  few  remarks 
in  regard  to  the  use  of  equating  the  work  performed  by  crushing.  The 
tendency  of  this  use  has  been  rather  noticeable  during  the  last  few  years, 
and  in  this  discussion  has  digressed  to  stating  the  capacities  of  grinding 
machines  in  terms  of  ''energy  units."  I  realize  the  need  of  resorting 
to  an  equating  medium  for  eflSciency  comparisons,  and  favor  its  practict- . 
but  feel  that  we  should  be  cautious,  in  view  of  several  unknown  and 
disputed  factors,  to  apply  this  principle  only  within  its  limits  of  reasonably 
known  accuracy,  or  imder  very  analogous  conditions.  Otherwi^, 
erroneous  deductions  may  be  the  result. 

The  factors  to  be  regarded  are  these:  Rock  is  a  heterogeneous  sub- 
stance, and  in  the  porphyries  generally  is  composed  of  feldspars  bonded 
by  a  siliceous  matrix.  As  crushing  proceeds  from  a  coarser  to  a  finer 
state  the  softer  components  are  first  reduced  to  colloidal  sizes  until  prac- 
tically only  the  harder  components  remain  for  final  crushing.  Hence 
there  exists  an  increasing  unit  resistance  to  crushing  for  which  a  deter- 
mined allowance  should  be  made  in  equating  the  production  units. 

Rittinger's  and  Kick's  laws,  upon  which  the  interpretation  of  work 
performed  in  crushing  is  based,  are  in  dispute,  because  of  a  disagreement 
as  to  the  manner  in  which  crushing  forces  act.  Relatively,  these  two 
laws  are  fairly  parallel  for  the  coarser  range  of  sizes,  but  become  ver\" 
divergent  with  the  finer  sizes. 

The  average  size  of  —200  material  is  an  unknown  quantity,  and  in 
our  present  knowledge  thereof  can  only  be  imreliably  approximated. 
Moreover,  it  is  also  to  be  kept  in  mind  that  with  this  range  of  si^s 
there  are  encountered  two  classes  of  material,  sands  and  colloids,  each  of 
which  undoubtedly  have  different  surface-volume  relations. 

In  view  of  these  factors,  it  is  my  opinion  that  the  conversion  of  the 
work  performed  by  crushing  into  energy  imits,  for  comparison  of  eflS- 
ciency,  should  only  be  attempted  when  the  fines  of  the  feeds  and  products 
to  be  compared  are  practically  equal,  say  within  2  per  cent,  of  each  other 
Further,  the  practice  of  stating  the  capacities  of  grinding  machines  in 
terms  of  "energy  units"  should  not  be  adopted  until  the  absolute  value 
of  these  units  has  been  determined,  or  misimderstandings  will  result. 
In  lieu  thereof,  the  practice  of  stating  such  capacities  in  terms  of  "Ton5 
through  a  given  mesh  per  horsepower  unit"  (which  mostly  is  the  priman* 
object  aimed  for),  for  a  given  ore  and  given  feed,  would  be  more  reliable 
and  be  resorted  to  until  research  along  these  lines  will  broaden  the  field 
for  more  exact  application. 

F.  J.  H.  Merrill,  Los  Angeles,  Cal. — I  would  like  to  ask  if  the  mani^ 
f  acturers  of  grinding  balls  have  in  any  way  made  a  suggestion  in  providing 
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sections  of  rods  or  in  casting  balls  with  ispherical  cavities  in  the  hope  that 
the  balls  will  engage  the  adjacent  one.  I  think  the  Jeffrey  company 
makes  balls  of  that  kind. 

Theodore  B.  Counselman,  Duluth,  Minn,  (communication  to  the 
Secretary*). — ^I  have  read  Mr.  Blickensderfer's  paper  with  special  in- 
terest because  at  the  time  these  tests  were  being  carried  on  I  occupied 
the  position  of  Efficiency  Engineer  at  No.  6  concentrator  of  the  Arizona 
Copper  Co.,  Ltd. 

A  comparison  of  the  work  of  the  8-ft.  by  36-in.  Hardinge  pebble  mills, 
at  the  neighboring  concentrator  of  the  Arizona  Copper  Co.,  Ltd.,  imme- 
diately suggests  itself.  This  plant  contained  12  mills  exactly  the  same 
as  the  mill  used  in  this  test.  In  the  following  table,  the  figures  for  this 
plant,  are  averages  for  the  year  1914. 

Detroit  Arisona 

Copper  Co.         Copper  Co. 

Power,  horsepower 56.56  56.65 

Tonnage 244.00  196.70 

Dilution,  per  cent,  solids 42.80  55.00 

Pebble  consumption  per  day 527.00  262.00 

Pebble  consumption  per  ton 2. 160  1 .334 

Life  of  pebble  lining 159.00  200.00 

Tons  per  lining 40,000.00 

The  feed  to  the  mills  at  No.  6  concentrator,  was  deslimed  in  drag 
belts.  The  tonnage  is  low  because  it  was  not  necessary  to  crowd  the 
mills.  Ten  would  have  been,  and  frequently  were,  sufficient  for  the 
crude  ore  tonnage  at  that  time  being  handled.  When  the  mills  were 
first  installed,  500  lb.  pebbles  per  day  were  charged  for  an  entire  month, 
without  seeming  to  create  an  excess.  This  amount  was  gradually  cut 
down  to  250  lb.  where  it  remained. 

The  pebble  lining  used  in  all  these  mills  was  first  introduced  by 
David  Cole,  then  in  charge  of  the  remodeling  of  No.  6  concentrator. 
It  consisted  of  the  largest-size  Danish  pebbles,  set  on  end  in  neat  cement 
or  very  rich  concrete,  the  pebbles  being  rather  carefully  fitted  together, 
much  in  the  manner  of  building  a  dry-wall.  The  lower  half  of  the  mill 
was  lined  the  first  day.  The  mill  was  turned  over  the  second  day  and 
the  other  half  lined.  It  could  then  be  put  into  operation,  if  desired,  but 
was  ordinarily  allowed  a  day  or  two  longer  to  take  a  final  set.  Such  a 
lining  required  10,000  lb.  of  pebbles,  50  sacks  of  cement,  and  cost  in- 
stalled, including  cutting  out  the  old  lining,  about  $160.  The  life  would 
vary  from  150  days  to  as  long  as  400  days  actual  running  time,  with  an 
average  of  about  200  days.  Linings  composed  of  silex  blocks  would  last 
only  about  60  days. 

♦  Received  Oct.  7,  1916. 
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Lifting  bars  were  tried  in  these  mills.  These  were  formed  by  rows 
of  silex  blocks,  set  on  end,  in  the  cylindrical  portion  of  the  mill.  Repeated 
tests  could  detect  no  advantage  from  them.  ^ 

A  curious  fact  was  brought  out  by  several  tests  to  determine  the  best 
dilution  of  the  pulp.  Mr.  Blickensderfer  mentions  the  "accidental 
oversize''  in  the  discharge  of  the  mill.  The  same  thing  was  noticed  at 
No.  6  concentrator,  and  the  mill  operators  would  correct  it  by  "stiddng 
a  hose  in  the  feed  laimder.''  This  seemed  so  contrary  to  accepted  ideas, 
that  carefully  conducted  tests  were  made  between  several  different  pairs 
of  mills,  each  pair  having  feed  from  the  same  source,  but  water  being 
added  to  one,  while  the  feed  to  the  other  was  as  dry  as  possible.  In 
repeated  tests  conducted  with  the  utmost  care,  it  was  shown  that  with 
greater  dilution,  there  would  be  less  accidental  oversize.  It  was  decided 
at  that  time  that  the  most  satisfactory  way  to  operate  these  mills  would 
be  in  closed  circuit. 

The  Marathon  mill  at  the  West  Yankie  Concentrator  was  of  great 
interest  to  all  of  us.  The  low  power  consumption  was,  of  course,  the 
direct  result  of  the  small  diameter  of  the  mill.  I  very  much  doubt  if 
the  same  attractive  difference  in  the  power  consumption  of  the  Marathon 
and  the  Hardinge  mills,  would  hold  true  with  a  larger-sized  Marathon 
designed  for  finer  grinding.  In  fact  this  is  shown  by  figures  from  Burro 
Mountain. 

The  capacity  and  general  character  of  the  work  of  this  miU  seems 
to  be  explained  by  the  fact  that  its  action  is  that  of  a  series  of  long- 
faced  rolls.  The  wide  face  precludes  the  possibility  of  accidental  over- 
size getting  through,  and  it  would  be  conceivably  possible  to  pass  an 
enormous  tonnage  through  the  machine,  if  no  questions  were  asked  as  to 
the  resulting  grinding.  The  Marathon  mill,  judging  from  results  given 
in  Mr.  Blickensderfer's  paper,  produces  very  little  slime.  This  was  noted 
all  through  the  tests  on  the  Marathon  mill.  Had  this  machine  been 
invented  10  years  before  flotation  was  perfected,  it  would  have  solved 
many  a  difficult  milling  problem.  Now,  however,  copper  metallurgy 
has  so  changed  that  it  is  advantageous  to  make  as  much  slime  (minus 
200  mesh)  as  can  economically  be  made  at  each  grinding.  In  1913-14 
the  Miami  Copper  Co.  replaced  their  worn-out  Chilean  mills  with 
Hardinge  pebble  mills  in  order  to  get  a  more  granular  product.  Now 
with  flotation  installed  they  are  using  balls  instead  of  pebbles  and  grinding 
in  closed  circuit,  in  the  endeavor  to  make  more  slime. 

In  comparing  the  results  of  the  Marathon  and  Hardinge  mills  in  these 
tests,  the  fact  should  not  be  overlooked  that  the  Marathon  ^mill  was 
equipped  with  steel  rods,  while  the  Hardinge  mill  used  flint  pebbles. 
It  would  be  ludicrous  to  suggest  that  the  Marathon  be  equipped  with 
flint  rods,  but  to  suggest  that  iron  balls  be  tried  in  the  Hardinge  would 
be  quite  to  the  point.    In  one  case  that  I  know  of  the  capacity  of  tht 
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mill  was  increased  more  than  60  per  cent.,  and  the  fineness  of  grinding 
increased  by  substituting  ^alls  for  pebbles. 

The  measurement  of  grinding  efficiencies  has  received  a  good  deal  of 
attention,  and  two  well-known  theories  and  methods  have  been  advanced, 
of  one  of  which,  and  a  modification  of  it,  Mr.  Blickensderfer  makes  use  in 
his  paper.  The  other  would  give  a  very  comparable  result.  To  my 
mind,  however,  both  methods  fall  down  in  that  ore  is  not  a  homogeneous 
substance.  The  ores  of  the  Morenci  district,  for  instance,  are  relatively 
easy  to  granulate  to,  say,  20  mesh,  but  very  much  more  difficult  to  pulver- 
ize to  200  mesh.  The  only  real  comparison  between  grinding  machines 
would  be  to  equip  otherwise  identical  sections  of  a  mill  with  the  two 
machines  to  be  tested,  and  determine  the  net  profit  made  by  each  section. 
In  one  case  that  I  know  of,  balls  versus  pebbles  in  Hardinge  mills,  have 
been  compared  in  this  way,  with  the  advantage  very  much  in  favor  of 
the  ball-mill  section,  despite  the  fact  that  the  relative  mechanical  efficiency 
was  only  slightly  better. 

I  do  not  think  that  the  Hardinge  mill  has  been  really  tried  out  in  Mr. 
Blickensderfer's  tests.  It  should  have  been  operated  with  the  steel 
lining  and  the  steel  balls,  and  working  in  closed  circuit  with  a  Dorr,  or 
similar  classifier.  Had  both  mills  been  equipped  in  this  way,  and 
operated  to  give  products  of  equal  fineness,  I  think  there  would  have  been 
little  to  choose  between  them.  I  should  Uke  very  much  to  see  this 
comparison  made. 

The  Marathon  mill  should  have  a  field  where  slime  is  anathema,  where 
the  mineral  can  and  should  be  saved  at  a  relatively  coarse  size.  As  Mr. 
Blickensderfer  points  out,  there  were  several  mechanical  defects  in  the 
first  machine,  which  have  to  some  extent  been  corrected  in  the  second. 
These  defects  can  doubtless  be  eliminated  entirely,  if  the  machine  proves 
to  have  a  wide  enough  application. 

The  decUne  in  the  popularity  of  Chilean  mills  is  due  more  to  mechanical 
drawbacks  than  to  quahty  of  work.  The  wear  of  tires  and  dies  is  not 
serious,  but  as  Mr.  BUckensderfer  himself  notes,  it  is  the  auxiliary  parts, 
the  screens,  screen  frames,  mullers,  feed  spouts,  ploughs,  etc.,  that  give 
the  trouble,  not  only  in  repairs  but  in  operation. 

David  Cole,  El  Paso,  Texas  (communication  to  the  Secretary*). — 
The  paper  by  Mr.  Blickensderfer  presented  at  the  session  at  Miami 
was  very  interesting  to  me  because  I  witnessed  the  operation  of  the 
machines  when  they  were  being  tested.  I  can  vouch  for  the  great  pains 
that  were  taken  by  Mr.  Hall  and  Mr.  Blickensderfer  in  making  the 
tests  as  nearly  parallel  as  possible  as  to  feed  going  to  the  competing  ma- 
chines, the  power  consumed  by  them,  and  the  measuring  of  results  as 
accurately  as  possible.    Mr.  Blickensderfer  stated  in  his  discussion  that 
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the  tables  compUed  by  him  were  done  with  great  care  and  "are  about 
as  accurate  as  they  could  well  he,"  and  I  have  pleasure  in  corroborating 
his  statement  from  the  standpoint  of  observation  on  the  ground  at  the 
time.  We  are  indebted  to  Mr.  BUckensderfer  not  only  for  his  paper, 
but  also  for  the  very  courageous  way  in  which  he  defended  the  position 
he  had  taken,  when  under  the  rapid  fire  of  questions  that  resulted. 

The  errors  of  comparison  are  fundamental  and  the  question  raised 
by  the  gentleman  from  Missouri  (I  don't  remember  his  name)  discloses 
one  of  the  most  important  ones.  Except  for  the  purpose  of  showing 
different  results  when  using  grinding  media  of  different  gravity,  it  is 
fundamentally  wrong  and  illogical  to  compare  the  work  of  a  grinding 
mill  of  the  tube-mill  family,  using  flints,  with  one  using  steel  grinding 
media.  It  would  be  illogical  to  suggest  that  the  Marathon  mill  be 
operated  with  a  set  of  rods  made  of  agate,  and  it  is  equally  illogical  to 
compare  the  work  of  a  Hardinge  mill  using  flints  with  a  Marathon  using 
steel  rods.    Little  importance  should  therefore  attach  to  the  comparison. 

The  comparison  of  work  done,  based  upon  the  scientific  theory  of 
Stadler,  Gates,  Kick,  et  al.,  is  beautiful  on  paper,  but  there  are  a  lot  of 
us  who  hesitate  to  accept  the  theory  as  "law."  We  are  inclined  to 
regard  a  direct  comparison  of  grinders  arranged  side  by  side,  getting 
feed  from  a  common  source  through  a  mechanical  distributor,  and  making 
a  product  that  affords  as  nearly  as  may  be  the  same  screen  measure,  and 
at  any  rate  affoi*ding  an  equal  metalliirgical  opportunity  for  the  subse- 
quent treatment,  as  the  Supreme  Court  in  these  grinding  matters. 
The  Marcy  versus  Hardinge  ball-mill  controversy  is  soon  to  have  this 
kind  of  a  hearing  at  the  InspiiUtion  plant,  and  the  results  will  be  watched 
with  great  interest,  and  if  Mr.  BUckensderfer  can  arrange  to  have  the 
Hardinge  mill  at  Morenci  blocked  down  to  about  6  ft.  in  maximum 
diameter,  have  it  lined  with  steel  with  lifter  bars,  and  filled  with  a 
charge  of  properly  assorted  steel  balls,  and  then  repeat  the  comparisons 
mentioned  in  his  paper,  our  knowledge  of  fine  grinding  will  be  much 
advanced. 

I  believe  in  the  use  of  the  rods.  I  feel  that  the  line  of  contact  affords 
a  better  opportunity  for  the  power  being  expended  to  be  applied  to  the 
particles  to  be  broken  or  crushed.  I  believe  that  the  large-ball  idea  will 
prove  the  better  scheme  for  breaking  down  the  coarse  particles,  say  to 
8-mesh  size,  but  that  the  rod  idea  will  win  out  for  the  finishing  process, 
particularly  in  closed  circuit  with  an  overflow  classifier.  But  I  do  not 
think  that  the  difference  will  be  so  overwhelming  as  to  put  the  ball 
type  in  the  discard,  so  to  speak,  for  the  balls  may  be  modified  in  shape  so 
as  to  get  the  line  of  contact  result.  What  will  prove  to  be  the  best  length 
of  rod,  or  the  proportion  of  length  to  diameter,  have  not  been  determined. 
Perhaps  a  length  equal  to  a  single  diameter,  but  with  a  dual  axis  will 
prove  to  be  good.    A  "grinder''  of  this  form  presents  a  circular  side  and 
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end  elevation  and  a  square  appearance  in  plan.  It  is  balanced  around 
its  center  of  mass  similarly  to  a  sphere  and  affords  lines  of  contact  of 
lengths  varying  from  nil  to  the  largest  diameter.  It  would,  of  course, 
tend  .to  wear  into  a  sphere,  but  it  ought  to  do  a  lot  of  grinding  before  it 
finally  surrenders  to  that  form. 

There  is  one  point  distinctly  in  favor  of  rods,  and  that  is  that  the 
steel  mills  everywhere  are  equipped  to  produce  them  at  a  minimum  ex- 
pense. I  carried  on  some  experiments  in  a  small  way  at  Morenci  looking 
to  the  development  of  some  "laws"  about  shapes  of  mullers,  but  found 
nothing  better  than  rods,  and  since  these  are  easiest  to  get  for  the  reason 
above  given,  the  investigation  was  halted  on  that  groimd. 


Mining  and  Milling  Practice  at  Santa  Gertrudis 

Discussion  of  the  paper  of  Hugh  Rose,  presented  at  the  Arizona  Meeting,  September, 
1916,  and  printed  in  BvUetin  No.  116,  August,  1916,  pp.  1295  to  1332. 

Jay  a.  Carpenter,  Tonopah,  Nev.  (communication  to  the  Secre- 
tary*).— This  description  of  the  Santa  Gertrudis  mill  is  of  great  interest 
to  the  operators  of  similar  silver  mills  in  Nevada.  At  the  San  Francisco 
meeting  last  September  there  were  two  excellent  papers  presented  on 
Nevada  silver  mills;  one  by  A.  H.  Jones  on  The  Tonopah  Plant  of 
the  Belmont  Milling  Co.,  and  the  other  by  E.  E.  Carpenter  on  Cya- 
niding  Practice  of  the  Churchill  Milling  Co.,  Wonder,  Nev.  At  the 
same  meeting,  I  presented  a  paper  on  Slime  Agitation  and  Solution  Re- 
placement Methods  at  the  West  End  Mill,  Tonopah,  Nev.,  covering  this 
particular  feature  of  our  milling  practice.  A  comparison  of  the  data 
presented  in  these  four  papers  is  interesting  in  that,  while  the  general 
design  and  practice  is  much  the  same  in  all  cases,  there  is  a  wide  differ- 
ence in  the  design  and  practice  in  the  various  departments  of  the  mills. 

It  is  to  be  regretted  that  Mr.  Rose  did  not  round  out  this  excellent 
article  by  following  Mr.  Jones's  and  Mr.  Carpenter's  lead  in  giving  the 
average  gold  and  silver  content  of  the  ore  milled  and  the  resulting  tailing, 
with  the  consumption  of  chemicals  and  the  cost  of  milling. 

The  practice  of  the  Santa  Gertrudis  mill  in  the  use  of  cyanide  and  zinc 
offers  an  interesting  comparison  with  that  of  the  Nevada  mills,  and  a 
discpssion  of  this  point  may  bring  out  the  reasons  for  the  differences  that 
exist. 

Mr.  Rose  describes  the  ore  as  "clean  with  only  small  quantities  of 
base  metals."  The  fact  that  the  zinc  dust  precipitate  is  85  per  cent, 
gold  and  silver,  and  that  melting  with  only  3  per  cent,  of  fluxes  the 
bullion  is  945  fine,  points  to  the  fact  that  the  bases  present  in  the  ore  are 
quite  inert  to  the  action  of  the  cyanide  solutions.     In  fact,  the  ore  ap- 
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pears  to  be  very  similar  to  the  Tonopah  and  Wonder  ores;  yet  the  strengtii 
of  the  cyanide  solution  in  the  mill  and  the  amount  of  cyanide  used  per 
ounce  of  bullion  is  nearly  double  that  of  the  Nevada  plants,  while  the  zinc 
consumption  is  about  the  same. 

The  figures  given  in  the  accompanying  tables  are  from  articles  in  the 
Transactions,  except  those  of  the  West  End  mill,  which  are  taken  from 
the  annual  report  and  mill  data  for  1915. 

In  the  accompan3ring  tables  the  gold  and  silver  content  of  the  Santa 
Gertrudis  ore  is  given  the  same  as  Mr.  Rose  gives  under  "a  representative 
analysis''  in  discussing  flotation,  and  the  ounces  gold  and  silver  precipi- 
tated are  assumed,  since  extraction  figures  are  not  given,  at  a  little  above 
90  per  cent,  of  the  ore  content,  which  corresponds  closely  to  Tonopah 
results.  The  total  time  of  the  ore  in  the  different  mills  is  roughly  figured 
from  the  total  ore  tankage  in  the  mills,  and  the  figures  are  relatively 
correct. 

These  two  tables  give  considerable  data  that  should  be  of  special 
interest  to  the  students  of  cyanide  solutions  and  the  cyaniding  of  silver 
ores. 

8.  J.  Kidder,  Mogollon,  N.  M.  (commimication  to  the  Secretary*.)— 
Mr.  Rose  says  that  in  clarifying  their  solutions  they  pass  all  solutions 
to  be  precipitated  through  sand  filter  tanks  and  that  the  addition  of  about 
40  per  cent,  by  volume  of  sawdust  to  the  sand  considerably  improves  the 
clarif3dng  efficiency  of  the  filtering  medium.  In  this  connection  the  writer 
would  like  to  ask  Mr.  Rose  if  such  use  of  sawdust  is  not  liable  to  cause 
serious  loss  unless  the  sawdust  is  finally  recovered  and  burned  and  the 
ashes  saved?  In  the  larger  silver  plants  in  Nevada  it  was  the  general 
experience  that  wood  shavings,  sawdust,  cotton  waste,  sticks  and  rubbish 
in  general  which  contained  carbonaceous  matter,  if  in  contact  with  preg- 
nant solutions  for  any  length  of  time,  would  invariably  cause  considerable 
amounts  of  silver  and  gold  to  be  precipitated.  For  this  reason  it  was  the 
usual  practice  to  bum  all  such  material  and  save  the  ashes,  which  were 
shipped  from  time  to  time  to  the  smelters  with  either  concentrates  or 
slag.  It  would  seem  that  the  addition  of  40  per  cent,  by  volume  of  saw- 
dust to  the  sand  filter  through  which  pregnant  silver-gold  solutions  were 
to  be  passed  would  certainly  result  in  a  decided  loss  by  precipitation 
unless  the  sawdust  was  saved,  which  Mr.  Rose  does  not  mention. 

Hugh  Rose  (communication  to  the  Secretary f). — Carefully  taken 
samples  of  this  product  after  a  year  of  service  assayed  about  120  grams 
silver  per  ton,  this  being  more  or  less  the  grade  of  solution  passing  through 
clarifiers.  These  same  samples  washed  with  distilled  water  in  a  smaU 
vacuum  filter,  where  there  is  no  possibility  of  washing  out  anything  but 


♦  Received  Sept.  6,  1916. 
t  Received  Oct.  26,  1916. 
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dissolved  values,  reduced  to  6  grams  silver  per  ton.  Were  any  precipi- 
tate present,  it  would  not  be  soluble  in  water  and  would  appear  in 
the  re-assay  after  washing.  While  there  is  a  remote  possibility  that 
precipitation  might  take  place,  the  chances  are  very  small  compared 
to  the  risk  we  run  with  the  large  amount  of  decayed  timber  brought  into 
the  mill  every  day  in  the  ore  flow,  and  from  which  up  to  the  present  time 
we  have  been  unable  to  notice  any  bad  effect.  We  have  frequently  had 
decayed  wood  pulp  collected  from  various  parts  of  the  plant,  principally 
from  the  foam  on  the  top  of  the  secondary  Dorrs,  where  there  would  be 
every  opportunity  of  considerable  precipitation  and  enrichment,  but  with 
so  far  no  sign  of  precipitation.  The  contained  values  run  approximately 
what  the  solution  assays,  and  a  water  wash  will  in  each  case  remove  them, 
proving  that  they  are  not  there  as  metallic  or  precipitated  values. 


The  Antecedent  Mineral  Discovery  Requirement 

Discussion  of  the  paper  of  E.  D.  Gakdnbr,  presented  at  the  Aiisona  Meeting,  Sep- 
tember, 1916,  and  printed  in  Btdleiin  No.  117,  September,  1916,  pp.  1693  to  1707. 

Victor  G.  Hills,  Denver,  Colo,  (communication  to  the  Secretary*). — 
If  anyone  advocates  the  aboUtion  of  the  antecedent  mineral  discovery 
requirement  for  the  purpose  of  making  it  easier  to  secure  title  to  public 
land,  I  hasten  to  say  that  I  am  not  of  that  number.  I  am  in  hearty  accord 
with  all  that  Mr.  Gardner  has  to  say  in  regard  to  easy  patenting  as  a 
handicap  to  small  camps,  and  .that  in  general  it  acts  to  retard  the  mining 
industry.  And  the  following  sentences  I  want  to  repeat  in  order  to 
emphasize  and  endorse  them,  "None  of  the  writers  on  this  subject  seem 
to  have  taken  into  consideration  the  effect  amending  the  law  pertaining 
to  mineral  discovery  will  have  upon  the  Government's  administration  of 
the  public  land.  It  must  be  borne  in  mind  that  this  land  belongs  ab- 
solutely to  the  people  of  the  United  States  as  a  whole,  and  their  interest 
must  be  considered.  It  is  not  a  no-man's  land,  as  some  people  would 
appear  to  believe."  However,  I  believe  that  the  discovery  prerequisite 
should  be  abolished  because  it  fails  to  effect  the  protection  for  which  it 
was  designed,  and  I  look  for  other  provisions  that  will  better  serve  the 
purpose. 

We  propose  to  abolish  the  law  of  apex  not  because  the  theory  is  objec- 
tionable but  because  the  question  of  physical  fact  gives  rise  to  never  end- 
ing litigation.  Now  the  design  of  antecedent  mineral  discovery  is  good: 
the  court  rulings  are  unobjectionable;  but  when  it  comes  to  the  phjrsical 
fact  this  requirement  is  second  only  to  the  apex  law  as  a  healthy 
litigation  breeder.  The  only  circumstance  that  has  prevented  the  pre- 
discovery  lawsuits  from  becoming  as  famous  and  as  expensive  as  the  apex 

*  Received  Nov.  3, 1916. 
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Biiits  is  that  these  cases  are  fought  prior  to  patenting  when  usually  there 
are  not  the  valuable  orebodies  proven  to  stimulate  greater  expense.  The 
question  of  discovery  can  not  be  raised  after  patent.  In  the  pre-patent 
days  disputes  and  conflicts  are  settled  largely  by  compromise  and  the 
public  is  cheated  right  and  left.  In  the  course  of  my  observation  of 
claim  disputes,  and  it  has  been  long  and  extensive,  the  only  question 
seriously  raised,  as  a  rule,  is  whether  the  contestant's  "discovery  shaft" 
has  rock  in  place  or  is  only  in  wash,  and  even  the  question  of  wash  has 
been  successfully  disputed  and  a  good  assay  allowed  to  save  the  day. 
If  the  discovery  shaft  has  reached  rock  in  place  it  is  too  well  known  that 
any  crack  in  the  rock,  any  oxidized  seam,  or  any  pegmatite  streak  in 
the  granite,  will  "hold"  if  the  question  comes  to  a  jiuy,  and  the  other 
claimants  usually  throw  up  their  hands  to  the  stake  with  the  oldest  date. 
If  there  is  no  conflicting  claimant  the  location  is  recognized  and  patented 
without  so  much  as  a  thought  of  the  public  interest.  Thus  the  discovery 
requirement,  by  being  depended  upon  to  safeguard  against  the  frauds 
of  securing  springs,  water  holes,  range  privileges,  power  and  reservoir 
sites,  rights-of-way,  summer  residence  sites,  timber  land,  natural  curiosi- 
ties, etc.,  becomes  a  lever  to  assist  in  fixing  such  frauds.  A  crevice  in  the 
rock  can  be  found  almost  anywhere,  and  there  is  nothing  with  which  to 
contest  a  mineral  title.  When,  as  occasionally  happens,  two  parties 
race  for  discovery  on  the  same  piece  of  ground,  it  is  not  ore  they  look 
for  but  any  crevice  in  the  rock  which  will  serve  as  an  excuse  for  a  "  vein." 
Quoting  from  Mr.  Gardner's  paper  (p.  1696),  "The  discovery  requires 
ment  is  designed,  and  operates,  as  a  check  on  the  disposal  of  land- 
of  the  people  under  the  mining  laws  for  purposes  foreign  to  the  intent  of 
the  law,  viz.,  the  speedy  and  bona  fide  development  of  the  mineral  re- 
sources of  the  public  domain."  The  design  is  all  right,  but  the  operation 
is  a  shameful  failure.  Indeed,  in  the  next  to  the  last  sentence  of  the 
article  we  read  (p.  1707),  "By  far  the  greater  number  of  mining  claims 
that  have  been  desired  for  purposes  other  than  mining  have  had  no  dis- 
covery of  mineral."  It  is  not  the  use,  but  the  abuse  of  the  discovery 
requirement  which  renders  it  desirable  to  discard  it.  We  should  remember 
the  adage  that  a  law  which  can  not  be  enforced  is  worse  than  none. 

Let  no  one  rise  and  say  that  we  should  have  some  one  detailed  from 
the  U.  S.  Geological  Survey  to  examine  every  discovery,  at  least  prior 
to  patent  application.  That  would  make  only  a  little  more  interesting 
sport  than  heretofore.  The  geologist  would  come  into  court  and  say  that 
there  was  not  sufficient  showing  to  constitute  a  mineral  discovery,  and 
his  report  would  be  true  and  just;  then  would  come  the  "prospector" 
with  his  assay,  scraped  out  of  a  knife-blade  seam  (and  taken  in  a  sack 
which  had  been  previously  used  in  sampling  high-grade  ore);  the  next 
witness  would  say  that  there  was  "a  sufficient  showing  to  justify  a  miner 
in  following  the  same  with  a  reasonable  expectation  of  finding  pay  ore" 
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— ^tliat  is  standard  court  language  which  we  all  know  by  heart;  the  next 

witness  would  say  that  he  once  saw  the  famous mine,  which  has 

produced  millions,  when  it  looked  no  better  than  the  one  in  dispute; 
then  would  come  the  jury  and  give  the  claim  to  the  "poor  prospector," 
every  timel 

Now  the  question  will  naturally  arise,  ''What  substitute  have  you  to 
offer  for  the  protection  of  the  public  domain?"  In  reply,  I  would  say,  that 
in  the  first  place  the  situation  could  scarcely  be  worse  with  the  discovery 
antecedent  removed.  Next,  the  proposal  to  require  recording  a  notice 
of  annual  assessment  with  vouchers  and  strict  penalties  has  been  so 
universally  endorsed  that  we  may  regard  it  as  certain  to  be  included 
in  any  new  law.  This  provision  will  entirely  do  away  with  the  black- 
mailing scheme  of  resurrecting  dead  claims  when  some  one  else  has  proven 
the  ground  valuable.  Also,  since  the  only  claims  which  can  remain  alive 
after  one  year  are  those  on  which  the  locator  makes  a  bona  fide  expendi- 
ture, it  will  very  largely  do  away  with  the  fraudulent  practice  of  holding 
ground  for  timber,  springs  and  other  surface  values.  There  is  an  effect- 
ive difference  between  an  actual  expenditure  of  1100  and  an  assessment 
which  can  be  contracted  for  from  $10  to  125.  Further  I  should  favor  at 
least  110  per  acre  for  annual  assessment.  This  change  alone  will  do  more 
to  protect  the  public  domain  than  the  pre-discovery  requirement  has 
ever  done.  The  fact  that  more  is  charged  for  mineral  land  than  for  any 
other  class  (and  the  preliminary  expense  of  patenting  is  also  greater) 
safeguards  agricultural  land,  summer  residence  sites,  etc.  The  proposal 
made  by  one  writer,^  that,  when  patenting,  1100  per  acre  be  charged 
when  there  is  no  discovery,  is  worthy  of  consideration;  but  I  would  ratho- 
be  rid  of  the  discovery  question  altogether. 

The  one  great  thing  which  would  do  away  with  all  of  our  troubles  on 
the  discovery  question,  and  also  a  lot  of  other  mining-law  troubles,  is 
the  divorce  of  surface  and  mineral  titles.  I  frankly  acknowledge  the 
radical  nature  of  such  a  proposal,  and  presume  that  a  vote  among  the 
fraternity  would  show  me  in  a  sad  minority,  but  I  exercise  the  courage  of 
my  conviction.  The  famous  33  questions  which  have  been  put  forth  by 
the  Mining  and  Metallurgical  Society  do  not  bring  out  this  most  vital 
question,  perhaps  because  it  was  regarded  as  practically  useless.  How- 
ever, several  members  in  their  discussion  recur  to  this  subject,  and  evi- 
dently this  matter  forces  itself  upon  the  mind  of  every  thorough  thinker 
on  the  subject. 

The  use  of  the  surface  and  the  extraction  of  minerals  do  not,  except 
to  a  limited  extent,  naturally  belong  together,  and  any  law  which  persists 
in  keeping  the  two  inseparable  must  be  full  of  injustice  and  trouble 
breeding.    Why  not  meet  the  main  difficulty  squarely?    Grant  the  pros- 

^  Engineering  and  Mining  Journal,  vol.  12,  No.  16,  %  C,  p.  721  (Oct.  14, 1916). 
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pector  the  full  and  exclusive  right  to  the  minerals  which  he  claims  to  be 
searching  for,  without  discovery,  together  with  all  of  the  surface  which 
he  desires  to  actually  use,  but  allow  all  other  citizens  the  surface  right- 
of-way  for  roads,  trams,  pipe  lines,  ditches,  etc.,  and  have  the  Govern- 
ment retain  control  of  mineral  springs,  reservoir  sites,  and  the  like. 
Then  all  of  the  abuse  found  in  the  use  of  mining  locations  for  hold-up 
purposes  will  disappear,  and  with  it  most  of  the  urgency  for  pre-discovery 

Our  mining  companies,  after  all  their  groimd  is  patented,  frequently 
buy  and  sell  surface  without  mineral  rights  and  mineral  titles  without 
the  surface.  They  simply  meet  a  natural  physical  condition.  Why 
should  not  the  Government  do  the  same?  Let  the  patent  applicant  pay 
$5  per  acre  for  the  mineral  rights  and  $5  per  acre  additional  for  whatever 
surface  he  requires.  If  there  be  a  specially  valuable  tract  of  timber, 
beyond  the  needs  for  mining  the  property,  a  spring  or  a  town  site,  let  the 
Government  inspector  assess  the  value  of  the  same  and  grant  the  patentee 
the  choice  of  bu3ring  or  eliminating  such  portions  of  the  surface.  Any 
such  surface  exclusions  can  be  monumented  at  the  time  of  the  official 
survey  and  the  Surveyor  General  will  have  a  map  of  both  siuface  and 
mineral  titles  with  scarcely  any  additional  expense. 

Separating  surface  and  mineral  titles  also  disposes  of  the  '^  Classifica- 
tion" question,  which  I  do  not  consider  a  practical  thing  in  any  case. 

I  favor  making  annual  assessment  work  at  least  $10  per  acre  and  pre- 
patent  work  $50  or  $100  per  acre.  This  is  no  more  than  Colorado,  with 
its  10-acre  claims,  has  always  paid,  and  such  a  provision  would  help  as 
a  safeguard  in  the  absence  of  the  antecedent  discovery. 

If  the  separation  of  surface  and  mineral  titles  can  not  be  accomplished, 
why  can  not  the  Government  at  least  retain  control  of  certain  siuface 
privileges  during  the  pre-patent  period,  and  at  patent  application  make 
an  assessment  of  special  surface  values  and  require  payment  for  the 
same  in  addition  to  the  nominal  per-acre  charge? 
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The  Diastrophic  Theory 

Discussion  of  the  paper  of  Mabcel  R.  Dalt,  presented  at  the  Arizona  Meeting, 
September,  1916,  and  printed  in  Bulletin  No.  115,  July,  1916,  pp.  1137  to  1157. 

EugIjne  Costb,  Calgary,  Alberta  (communication  to  the  Secretary*) . — 
This  new  theory  to  account  for  the  accumulation  of  commercial  de- 
posits of  oil  and  gas,  is  deliberately  and  admittedly  based  on  the  hypo- 
thesis that  the  origin  of  these  products  is  organic.  Mr.  Daly  says  (page 
1142),  ''Should  the  organic  origin  of  the  petroleum  that  is  found  in  {>ooIs 
be  granted,  the  following  interpretation  is  offered  for  the  mechanics 
of  its  accumulation.''  But  suppose  the  origin  thus  accepted  by  definition 
be  incorrect,  then  what  becomes  of  the  diastrophic  theory,  Mr.  Daly's 
interpretation?  As  Mr.  Daly  remarks  himself  (same  page),  "It  is  obvious 
that  the  history  of  petroleum  will  have  to  be  entirely  different,  dependent 
upon  its  origin,  either  from  emanations  coming  from  the  depths,  or  from 
organic  decomposition  in  the  strata  themselves."  Then  why  should  one 
propound  a  theory,  through  which  he  is  endeavoring  to  trace  the  history 
of  petroleum,  by  starting  with  a  definition  of  its  origin?  The  origin 
should  be  the  deduction,  the  forced  conclusion  of  the  theory,  and  not  its 
starting  point.  Facts  alone  should  be  considered  first,  in  any  theory 
worth  the  name,  imtil  sufficient  proofs  have  accumulated  to  permit  of  the 
deduction  of  a  complete  explanation  for  these  facts.  This  would  lead 
one  to  the  origin  through  a  real  theory  foimded  on  facts,  and  not  based 
on  a  preconceived  idea  perhaps  true,  but  possibly  fanciful.  Mr.  Daly's 
way  can  only  lead  on  one  road,  namely  the  organic  road,  and,  I  repeat, 
it  may  be  the  wrong  road. 

In  the  case  of  the  petroleum  deposits,  as  I  have  endeavored  to  show 
in  several  papers  on  the  subject,  to  which  the  reader  may  refer,*  the  facts 
clearly  lead  to  the  force  conclusion  that  their  origin  is  not  one  of  accumu- 
lations of  hydrocarbons  at  first  disseminated  in  the  sedimentary  strata 
but  the  reverse  process  of  subsequent  local  infiltrations  and  impregnations 
of  hydrocarbon  emanations  from  the  depths.  This  new  theory,  there- 
fore, founded  on  an  erroneous  conception  of  origin  cannot  be  a  help  in 
the  solution  of  the  petroleum  problem,  not  any  more  than  were  the  anti- 
clinal theory  or  the  hydraulic  theory,  both  of  which  were  also  based  on 
the  same  error,  although  Mr.  Daly  is  inclined  to  think  that  the  authors  of 
these  two  theories  did  not  accept  the  misconception  boldly  enough 
(page  1142). 

•  Received  July  31,  1916. 

1  Journal  of  the  Canadian  Mining  Institute,  vol.  3,  pp.  6S-89  (1900),  vol.  6,  pp. 
73-128  (1903)  and  vol.  12,  pp.  273-302  (1909). 

Trans.,  vol.  35,  pp.  288-297  (1905)  and  vol.  48,  pp.  604-517  (1914). 

Transactions  of  the  Institution  of  Mining  and  Metallurgy,  vol.  21,  pp.  91-192 
(1911-1912). 
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A  careful  reading  of  Mr.  Daly's  paper  shows  plainly  the  consequences 
of  a  wrong  start  as  it  leads  him  to  the  following  fallacies: 

1.  That  oil  and  gas  are  (first  phase  of  Mr.  Daly's  process)  primary 
decomposed  products  of  organic  matter  formed  in  the  sediments  shortly 
after  their  deposition  at  ordinary  low  temperatures,  and  held  by  them 
for  a  short  period  of  time,  imtil  squeezed  up  into  a  porous  rock  deposited 
above  just  at  the  right  time  to  receive  them.  This  is  a  very  different 
conception  from  the  view  held  by  other  organists  (geologists  believing  in 
the  organic  origin  of  petroleums)  who  hold,  on  the  contrary,  that  only  a 
very  long  time  (aeons  of  ages)  will  cause  the  distillations  of  organic 
matter  in  the  strata — this  immensely  long  time  finally  accomplishing  the 
same  result  as  heat  in  ordinary  distillation  processes.  But  if  Mr.  Daly's 
view  be  correct,  deposits  of  that  kind  should  be  frequent  in  nature,  and 
yet  no  one  has  ever  been  able  to  observe  them.  As  a  matter  of  fact  they 
do  not  and  never  did  exist,  as  organic  matter  decomposes  into  entirely 
different  products  which  either  escape  immediately  out  of  the  forming 
sediments,  or  finally  transform  into  carbonaceous  matter  or  coal  without 
any  other  hydrocarbon  but  marsh  gas  being  produced. 

2.  That  porous  rocks  shortly  after  their  formation  (second  phase  of 
Mr.  Daly's  process}  may  be  supposed  to  be  saturated  with  an  emulsion 
of  oil  and  gas  in  water,  the  oil  and  gas  having  been  squeezed  out  of  the 
muds  below  into  these  porous  rocks,  and  remaining  there  in  some  mys- 
terious way,  instead  of  continuing  their  migration  to  the  surface.  Again 
I  will  observe  that  we  do  not  see  anything  of.  the  kind  in  nature — wells 
near  the  sea  shore  often  striking  pure  fresh  water  (entirely  devoid  of  oil 
or  gas  and  even  of  salt  water)  in  the  recently  formed  sands  or  porous 
rocks  beneath. 

3.  That  the  supposed  gas  and  aqueous  contents  of  incompressible 
strata  or  layers  (page  1145,  line  12)  which  according  to  Mr.  Daly  could  not 
previously  be  compressed  out  to  the  surface  only  a  few  feet  or  a  few  hun- 
dred feet  away,  are  now  (third  phase  of  Mr.  Daly's  process)  .compressed 
laterally  for  miles  and  miles  to  finally  accumulate  into  far-away  oil  and 
gas  pools.  Apart  from  the  fact  that  these  porous  layers  cannot  be  both 
at  the  same  time  compressible  and  incompressible,  we  know  that  porous 
sand  layers  form  in  the  sediments  disconnected  lenticular  beds  seldom 
continuous  over  large  areas ;  this  would  certainly  stop  the  ingenious  long  lat- 
eral migration  of  Mr.  Daly,  and  would  send  the  oil  and  gas  out  to  the  sur- 
face and  so  would  the  faulting  and  fissuring  in  the  highly  disturbed  por- 
tions of  the  mountain  chain  considered  through  which  the  oil  and  gas  are 
supposed  to  migrate  laterally.  One  certainly  cannot  admit  that  the 
shales  covering  the  sands  which,  according  to  Mr.  Daly's  first  phase  of 
the  process,  could  give  out  so  easily  their  hydrocarbon  contents  have  now 
become  so  impervious  over  distances  of  many  miles,  as  to  make  possible 
this  long  lateral  migration  through  the  sands  preventing  iall  the  while 


Digitized  by 


Google 


2206  DiscTT8sioir:  Arizona  hbeting,  1916 

during  this  long  travel  the  vertical  escape  to  the  surface  only  a  few 
hundred  feet  away. 

Mr.  Daly  says  that  ''a  partial  origin  of  the  rock  pressure  would  thus 
have  to  be  traced  to  orogenic  deformation."  This  is  rather  vague  and  is 
only  based  on  the  remark  that  the  pressure  in  Ohio  and  in  Indiana^  in 
the  Trenton  Limestone  wells,  was  much  smaller  than  in  Pennsylvania 
and  West  Virginia;  but  we  must  not  forget  that  the  depths  at  which  this 
gas  was  found  in  Ohio  and  Indiana  were  also  much  less  than  in  the  wells 
where  the  double  pressure  was  recorded  in  Pennsylvania  and  West 
Virginia.  As  a  matter  of  fact,  the  gas  pressiures  in  all  fields  are  princi- 
pally function  of  the  depth  indicating  plainly  the  source  from  the  vol- 
canic magma  below. 

Mr.  Daly's  explanation  of  how  capillary  pressure  seals  an  oil  pool  is 
ingenious,  but  may  I  ask  why  it  only  acts  to  prevent  the  pressure  from 
dissipating  outward  into  the  surrounding  sediments  and  why  it  did  not 
also  prevent  the  reverse  movement  of  the  accumulation  of  the  gas  and 
oil  inward  from  the  surrounding  sediments  into  the  sands? 

F.  G.  Clapp,  New  York,  N.  Y.  (communication  to  the  Secretary.*) — 
The  points  of  excellence  in  Mr.  Daly's  paper  entitled  The  Diastropbic 
Theory  are  so  numerous,  that  it  is  unfortimate  he  seems  to  have  based 
his  paper  on  a  misimderstanding  of  the  structural  theory,  as  ordinarily 
imderstood.  According  to  Mr.  DaJy,  ''the  force  which  is  supposed  to 
have  caused  the  motion  is  the  gravity  of  the  hydrocarbons.''  And 
again  ''Gravity  or  buoyancy  is  to  be  considered  the  sole  agency  through 
which  accumulation  has  been  brought  about  and,  as  such,  is  supposed  to 
be  adequate  to  explain  accumulation  imder  any  condition  of  dip/'  So 
far  as  I  know,  no  petroleum''  geologist  believes  theto  statements;  so  that 
Mr.  Daly's  paper  must  not  be  taken  as  a  criticism  of  existing  theories, 
but  of  his  conception  of  them. 

So  far  as  I  know,  no  petroleum  geologist  supposes  the  motion  of  the 
oil,  gas  and  water  in  oil  fields  to  have  been  caused  by  the  force  of  gravity. 
To  quote  from  an  early  issue  of  Economic  Geology:^ 

"The  'anticlinal  theory'  ia  only  one  of  the  factors  in  the  accumulation  of  oil  and 
gas  pools;  and  a  geologist,  in  order  to  locate  a  pool,  even  approximately,  has  to  con- 
sider every  other  particle  of  evidence  found  in  structure  of  the  subsurface  rocks, 
changes  in  intervals,  texture  of  the  'sands,'  character  of  the  overlying  beds,  differences 
in  pressure,  relations  to  water  in  the  rocks,  shape  of  the  surrounding  pools,  and 
character  of  the  oil  in  the  vicinity;  and  every  factor  must  be  given  its  due  weight, 
before  a  recommendation  can  safely  be  made.  After  all  other  factors  have  been 
considered,  it  might  seem  as  if  the  'anticlinal  theory'  has  been  lost  sight  of  as  unim- 
portant; yet  the  fact  remains  that  structure  is  the  essential  condition  which  finally 
determines  the  distribution  and  size  of  the  pools  when  all  other  conditions  axe 
favorable." 

*  Received  Aug.  28,  1916. 

^  F.  G.  C3app's  Discussion  of  paper  of  M.  J.  Munn,  March,  1909,  Ewnomie  QtoUtgw^ 
voL  4,  No.  6,  pp.  565-570  (September-October,  1909). 
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Passing  this  technicality,  however,  we  can  wisely  weigh  Mr.  Daly's 
remarks  that  oil  fields  exist  only  on  the  side  of  mountain  ranges  away 
from  the  source  of  pressure.  Certainly  this  appears  to  be  applicable  in 
the  case  of  the  Appalachian  fields,  and  might  well  explain  several  vexing 
questions;  as,  for  instance,  the  absence  of  oil  fields  east  of  Pittsburgh,  Pa., 
west  of  which  they  are  so  numerous.  In  this  connection,  it  is  important 
to  raise  several  questions,  as,  for  instance: 

1.  Why  is  natural  gas  found  east  of  Pittsburgh  in  abundance,  while 
oil  is  generaUy  absent? 

2.  Why  is  gas  found  on  the  inside  of  the  Transylvanian  Basin  in 
Hungary,  while  oil  seems  limited  to  the  outside  regions,  in  Roumania 
and  GaUcia? 

3.  How  will  this  theory  explain  the  pressure  of  salt  waier  in  large 
quantities,  in  the  regions  away  from  the  source  of  pressure? 

4.  How  about  oil  associated  with  faults,  as  in  Oklahoma,  Califomia 
and  Wyoming? 

6.  Can  the  diastrophic  theory  be  effective  in  dips  of  J^°  to  5**,  in 
regions  several  hundred  miles  from  any  mountain  belt  or  major  axis? 

While  the  theory  as  propounded  may  account  for  one  cause  of  the  move- 
ment of  petroleum  in  certain  directions,  the  question  of  whether  this  is  the 
main  cause  of  accumulation  must  depend  somewhat  on  the  answers  to  the 
above  questions.  In  my  opinion,  they  can  not  all  be  answered  favorably 
to  the  theory.  Of  course,  however,  a  mere  theory  of  cause  or  origin  can 
avail  little  in  petroleum  engineering.  It  is  where  the  oil  is  found  that 
counts.  We  know  that  it  exists  in  definite  types  of  structure,  when 
these  are  affected  by  certain  other  modifying  conditions;  but  that  these 
same  structures,  with  a  different  set  of  conditions,  will  hold  no  oil. 
Successful  oil-location  depends  preeminently  on  Hnference — i.e.,  a  com- 
parison of  conditions  in  prospective  fields  with  those  in  fields  already 
known  elsewhere  in  the  world. 

R.  W.  Park,  Washington,  D.  C.  (communication  to  the  Secretary*). — 
Mr.  Daly's  exposure  of  the  frailties  of  the  commonly  accepted  theories 
as  to  the  mode  of  accumulation  of  oil  is  more  acceptable  than  are  most 
criticisms  of  this  type,  for  after  knocking  our  theories  down  over  our  eyes 
he  does  not  leave  us  to  grope  blindly,  but  leads  us  to  a  brand  new  theory, 
both  plausible  and  persuasive,  that  is  to  take  the  place  of  our  old  friends. 
Yet  Mr.  Daly's  theory  seems  to  be  heir  to  some  of  the  weaknesses 
characteristic  of  our  old  theories. 

Most  of  the  arguments  that  Mr.  Daly  raises  against  the  anticlinal 
and  hydraulic  theories  have  been  raised  at  one  time  or  another  by  one 
writer  or  another,  and  there  are  probably  now  few  geologists  who  will 
seriously  contend  that  the  force  of  gravity  alone  is  adequate  to  accomplish 

*  Received  Sept.  16,  1916. 
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widespread  lateral  migration  of  oil  and  gas,  and  the  local  accumulation 
of  those  materials  in  commercial  amounts. 

As  Mr.  Daly  sees  it,  the  chief  failure  of  the  anticlinal  and  hydraulic 
theories  is  that  they  do  not  take  into  consideration  the  effect  upon  the 
oil  of  the  diastrophic  forces  that  have  affected  the  region.  But  most  of 
the  recent  discussions  of  the  origin  of  petroleum  have  laid  stress  upon 
the  importance  of  these  very  forces,  not,  however,  their  importance  as 
transporting  agents,  but  as  transforming  agents,  in  changing  the  organic 
debris  in  the  sedimentary  beds  into  oil  and  gas.  Mr.  Daly  tacitly 
assumes  either  that  oil  exists  in  the  loose  muds  of  the  sea  bottom  prac- 
tically from  the  moment  of  their  deposition,  or  that  it  is  formed  soon 
afterward,  during  the  period  of  compression  due  to  sedimentation.  In 
any  case  he  appears  to  believe  that  oil  exists  in  the  sedimentaiy  beds 
before  they  are  deformed.  However,  until  some  well-authenticated 
examples  of  the  formation  of  oil  in  unconsolidated  sediments  is  brou^t 
forward,  it  would  appear  that  the  assumption  that  oil  is  formed  in  this 
manner  is  a  less  reasonable  one  to  make  than  that  oil  is  formed  in  part 
at  least  by  the  forces  that  caused  deformation  and  perhaps  local  meta- 
morphism.  Of  course  it  is  possible  that  these  forces  not  only  have  aided 
in  the  formation  of  oil,  but  also  in  its  movement  from  one  place  to 
another;  but  it  seems  very  unwise  not  to  consider  the  first  possibility 
at  all. 

Mr.  Daly's  discussion  of  the  effect  produced  upon  a  prism  of  solid 
materials  by  pressure  applied  at  the  ends  is  interesting.  After  describbig 
the  purely  theoretical  example  he  applies  the  general  principles  involved 
to  a  succession  of  sedimentary  beds,  but  in  doing  so  he  immediately 
agrees  to  consider  only  the  upper  part  of  the  prism,  that  is,  the  part  above 
the  ''neutral  plane.''  One  is  led  to  wonder  as  to  the  depth  this  ''neutral 
plane"  lies  beneath  the  surface,  and  just  what  the  conditions  are  below 
it.  Are  the  anticlinal  axes  the  zones  of  contraction  and  the  qmcUnal 
axes  the  zones  of  extension  below  this  plane?  If  so,  would  oil,  gas,  and 
water  tend  to  accumulate  below  the  neutral  plane  in  synclines  rather  than 
in  anticlines?  In  the  southern  coast  ranges  of  Calif omia  many  of  the 
folds  are  shallow,  and  the  ''neutral  plane"  would  in  many  cases  certainly 
not  be  so  very  many  hundred  feet  below  the  surface;  so  the  question  as 
to  the  accumulation  of  oil  in  them  is  not  quite  so  academic  as  one  mi^t 
imagine. 

According  to  Mr.  Daly's  theories,  anticUnes  are  important,  so  far 
as  the  accumulation  of  oil  is  concerned,  only  as  they  mark  zones  where 
the  porosity  is  greater  than  in  the  surrounding  region.  In  many  of  the 
California  fields  the  folds  are  of  variable  character.  Some  are  sharp 
and  closely  compressed;  others  broad  and  open.  Between  the  two 
extremes  almost  any  intermediate  type  may  be  found.  It  would  aerai 
natural  to  assume  that  along  the  more  sharply  flexed  antidineSi  the  beds 
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would  be  more  fractured,  or  at  least  more  extended,  as  Mr.  Daly  would 
say,  and  that  they  would  thus  determine  the  position  of  the  more  porous 
zones.  Yet  it  is  very  frequently  the  case  that  it  is  not  along  these  sharper 
folds  that  the  oil  accumulation  is  greatest  at  present,  but  in  the  upper 
parts  of  the  larger,  broader,  and  more  gentle  folds.  Moreover,  in  the 
California  fields  the  beds  are  so  variable — ^so  tremendously  variable — 
that  the  differences  in  porosity  due  to  lithology  must  be  far  greater  than 
differences  in  porosity  due  to  position  along  the  folds;  certainly  the  large 
broad  folds  can  not  have  so  altered  the  porosity  of  the  bed  that  lithology 
will  not  still  be  the  controlling  feature.  Yet  in  spite  of  this,  the  Cali- 
fornia fields  offer  a  most  splendid  example  of  the  occurrence  of  oil  along 
anticlinal  folds  or  in  parts  of  the  region  where  those  folds  domintite  the 
structure.  It  would  seem  that  there  must  be  some  other  reason  than 
increased  porosity  that  causes  the  oil  so  to  seek  these  structures. 

If  the  forces  that  have  caused  the  deformation  of  the  region  are  the 
forces  that  have  caused  the  migration  of  the  oil  and  built  up  the  pressure 
under  which  the  oil  and  gas  are  now  confined,  one  would  expect  that  this 
rock  pressure  would  be  fairly  constant  over  considerable  areas.  The  field 
of  action  of  these  forces  has  been  extensive,  and,  if  we  accept  Mr.  Daly's 
theory,  these  forces  have  swept  the  fluids  from  a  wide  area,  segregated 
them,  and  collected  them  in  out  of  the  way  corners.  It  seems  hardly 
reasonable  to  suppose  that  if  the  rock  pressure  is  due  to  such  a  general 
cause  the  fluid  in  one  little  corner  would  have  a  certain  rock  pressure, 
while  that  in  a  neighboring  corner  would  be  under  another  pressure  that 
is  radically  different.  Nor  does  it  seem  probable  that  within  one  little 
pool  the  pressure  would  vary  greatly;  yet  in  the  California  fields  variation 
in  pressure  in  a  given  stratum  seems  to  be  the  rule  rather  than  the  excep- 
tion. This  variability  may  of  course  be  explained  in  part  by  variation 
in  lithology  and  other  natural  features,  and  also  by  artificial  features, 
such  as  the  mode  of  handling  a  well.  It  is  not  always  the  later  wells 
that  show  the  lesser  pressure,  so  the  variation  can  not  be  explained  away 
completely  as  a  decrease  for  the  pool  due  to  release  by  some  wells.  But 
even  considering  the  factors  that  make  for  local  variation,  it  seems  that 
the  differences  found  between  wells  only  a  few  hundred  feet  apart  are 
abnormally  large. 

Mr.  Daly's  discussion  of  the  method  by  which  an  oil  pool  may  be 
sealed  is  interesting  indeed,  yet  it  would  seem  that  the  very  factors 
that  he  calls  upon  to  seal  up  an  oil  pool  and  to  maintain  a  given  rock 
pressure  might  equally  well  be  called  upon  to  prevent  migration  origi- 
nally. If  a  given  force  causes  the  oil  to  move  through  the  rock  pores  and 
collect  under  pressure  at  a  given  place,  and  if  the  force  ceases  to  be  active, 
why  will  not  the  oil  move  back  over  the  path  it  originally  traveled? 

According  to  Mr.  Daly's  theory  the  forces  causing  the  oil  and  gas 
to  migrate  also  caused  the  water  to  move.     Indeed,  he  considers  that 
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the  water  moved  carrying  the  hydrocarbons  with  it.  Water,  then, 
should  be  under  the  same  pressure  that  the  oil  is  under,  as  the  force 
,  causing  accumulation  is  the  same,  and  the  factors  preventing  dissipation 
the  same  for  water  as  for  oil.  Yet  in  the  Califomia  fields  where  water 
sands  and  oil  sands  are  interstratified,  no  pressure  comparable  with  the 
pressure  in  the  oil  sands  is  recorded  for  the  water  sands  which  lie  between 
these  oil  sands  unless  a  distinct  flow  of  petroleum  gas  is  noted  with  the 
water. 

Mr.  Daly  notes  the  fact  that  in  the  Eastern  fields  there  is  an  increase 
in  rock  pressure  with  the  increase  in  age  of  the  strata  in  which  the  oil 
or  gas  is  found.  The  same  can  hardly  be  said  of  the  California  fields, 
for  the  greatest  pressures  noted  occur  in  the  younger  beds  which  rest 
imconformably  upon  the  shales  in  which  the  oil  originated.  The  sands 
that  are  distinctly  stratified  with  these  shales  contain  oil  under  a  much 
lower  pressure. 

In  discussing  rock  pressure  Mr.  Daly  points  out  that  the  chief  expla- 
nations heretofore  offered  have  been  (1)  that  it  is  due  either  to  hydro- 
static pressure,  (2)  weight  of  superinciunbent  strata,  (3)  gradual  acctimu- 
lation  of  the  inclosed  gas,  (4)  capillary  diffusion.  He  shows  that  some 
of  these  explanations  are  imtenable,  for  the  forces  called  upon  are  clearly 
not  competent  to  have  built  up  the  high  pressure  now  encoimtered. 
He  therefore  assumes  that  much  of  this  pressure  is  due  to  the  forces 
that  have  caused  the  deformation  of  the  region. 

An  explanation  that  in  many  ways  seems  to  be  more  reasonable 
is  that  the  rock  pressure  is  built  up  within  the  reservoir,  not  by  the  grad- 
ual concentration  of  gas,  but  by  the  change  of  some  of  the  oil  into  gas. 
Also,  perhaps  by  the  same,  perhaps  by  other  reactions,  heavy,  viscous 
hydrocarbons  are  formed  that  so  clog  the  rock  pores  that  the  movement 
through  them  of  even  the  gaseous  hydrocarbons  is  prohibited  and  the 
reservoir  becomes  sealed. 

Rock  pressure  so  developed  would  then  have  no  direct  relation  to  the 
pressure  that  originally  caused  the  migration  of  the  oil  and  it  might  be 
greater  or  less  than  that  original  pressure.  Ilpck  pressure  need  not  be 
''fossil  pressure,"  as  one  would  be  tempted  to  call  it  if  one  accepted 
Mr.  Daly's  interpretation. 

Just  what  the  reactions  would  be  that  would  cause  the  formation 
of  the  gases  within  the  reservoir  can  not  be  said,  but  as  to  those  which 
result  in  the  formation  of  the  heavy  viscous  material  there  are  a  few 
more  data.  It  is  a  pretty  well  known  fact  that,  in  the  Califomia  fields, 
the  highly  mineralized  water  characteristic  of  the  oil  fields  has  a  very 
pronounced  effect  upon  the  oil,  and  that  where  such  water  has  entered 
^e  oil  sands  the  oil  in  the  vicinity  is  extremely,  heavy  and  tarry.  This 
tarry  material  is  in  some  places  so  viscous  that  it  can  not  be  pumped. 
Such  material  seems  to  be  composed,  in  part  at  least,  of  oxygen  and 
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sulphur  compounds  and  they  seem  to  have  been  formed  by  the  inter- 
action of  the  hydrocarbons  and  the  mineral  salts  in  the  water.  This 
tarry  material  is  quite  competent  to,  and  probably  does,  fill  the  rock 
pores  and  prevent  the  passage  through  them  of  the  more  fluid  hydro- 
carbons, t 


The  Application  and  Earning  Power  of  Chemistry  in  the  Coal 
Mining  Industry 

Discussion  of  the  paper  of  Edwin  M.  Chance,  presented  at  the  Arisona  Meeting,  Sep- 
tember, 1916,  and  printed  in  BuUeiin  No.  112,  April,  1916,  pp.  711  to  714. 

Edward  H.  Coxb,  Enoxville,  Tenn.  (communication  to  the  Secre- 
tary*).— Mr.  Chance  has  omitted  to  mention  one  very  important  use 
for  the  chemist  in  connection  with  the  preparation  of  coal,  and  that  is 
in  connection  with  coal  washing. 

Efficient  coal  washing,  and  especially  of  the  finer  sizes,  can  be  accom- 
plished only  under  the  supervision  of  a  chemist,  as  the  proper  regulation 
of  the  washer  can  only  be  had  by  frequent  sampling  and  analysis  of  the 
raw  and  washed  product  and  the  refuse,  say  at  least  semi-weekly;  and 
only  in  this  way  can  a  check  be  kept  on  the  quality  of  the  product  and 
the  amount  of  good  coal  wasted  in  the  refuse. 

In  large  operations,  frequently  enough  coal  can  be  saved  from  going 
to  the  refuse  pile  to  more  than  pay  the  salary  of  the  chemist. 


The  Composition  of  the  Rock  Gas  of  the  Cripple  Creek  Mining  District, 

Colorado 

Discussion  of  the  paper  of  Gbobgb  A.  Burbbll  and  Alfrbd  W.  Gauobb,  presented 
at  the  Arisona  Meeting,  September,  1916,  and  printed  in  BvUetin  No.  113,  May, 
1916,  pp.  S43  to  863. 

J.  S.  &ALDANE,  M.  D.,  F.  R.  S.,  Oxford,  England  (communication  to  the 
Secretary  t). — ^The  valuable  paper  of  Messrs.  Burrell  and  Ganger  is  of  spe- 
cial interest  to  me  as,  through  the  courtesy  of  the  management,  I  had  an 
opportimity  of  visiting  the  Portland  mine.  Cripple  Creek,  in  1911,  in^con- 
nection  with  the  investigations  on  acclimatization  to  high  altitudes,  carried 
out  on  Pike's  Peak,  near  Cripple  Creek,  by  Professors  Yandell,  Henderson 
and  Schneider,  Dr.  Douglas  and  myself.^  The  analyses  of  one  or  two 
samples  of  the  vitiated  air  were  entirely  confirmatory  of  those  of  the 
authors.  A  fatal  accident  owing  to  two  men  being  lowered  down  a  shaft 
filled  with  the  gas  had  occurred  in  a  neighboring  mine  just  before  our 
visit. 

*  Received  Apr.  10,  1916. 
t  Received  Aug.  25,  1916. 

^Philosophical  Transactions  of  the  Royal  Society,  Ser.  B..  vol.  203,  pp.  185-318 
(1913). 
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The  composition  of  the  gas  is  so  similar  to  that  of  the  ''black  damp" 
met  with  in  coal  mines,  metalliferous'  mines  of  different  kinds,  and  wells, 
that  there  can  be  little  doubt  that  its  origin  is  similarly  due  to  oxida- 
tion processes  in  the  strata.  It  is  very  remarkable,  however,  that  the 
gas  is  produced  in  such  large  amount  in  the  Cripple  Creek  mines.  The 
rock  is  apparently  very  porous  or  full  of  fissures,  and  also  contains  some 
substance  which  oxidizes  freely.  In  some  metalliferous  mines,  and  to  a 
less  extent  in  coal  mines,  this  substance  is  pyrites,  the  COs  being  due  to 
subsequent  liberation  of  this  gas  from  carbonates  by  the  sulphuric  acid 
formed;  but  in  many  cases  the  oxidation  process  is  certainly  a  different 
one,  and  further  examination  would  be  needed  in  order  to  determine 
what  oxidation  process  occurs  in  the  rock  at  Cripple  Creek.  It  follows 
from  the  authors'  analyses  that  the  black  damp  formed  contains  some- 
times so  little  CO2  (e.g.,  samples  763,  764,  761,  772, 794)  that  it  is  lighter 
than  air,  as  is  not  infrequently  the  case  with  black  damp  in  coal  mines, 
wells,  etc. 

Further  observations  on  the  relation  of  the  issue  of  the  gas  to  changes 
in  barometric  pressure  would  be  of  much  interest.  As  I  showed  in  a  paper 
contributed  to  the  Transactions  of  the  InstiitUion  of  Mining  Engineers 
(Great  Britain)  in  1896,  the  special  danger  to  well'-sinkers  from  black 
damp  arises  from  the  fact  that  although  they  are  well  aware  of  the  need 
for  testing  the  air  with  a  candle  before  descending,  they  do  not  realize 
that  the  test  must  be  repeated  at  each  descent.  A  well  which,  for  in- 
stance, has  been  quite  clear  of  gas  in  the  morning  may,  in  consequence 
of  even  a  slight  fall  of  barometric  pressure,  be  overflowing  with  black 
damp  in  the  afternoon.  The  enormous  quantities  of  gas  or  air  which 
may  issue  from  a  well  with  a  fall  of  barometric  pressure  are  very  surprising. 

It  is  a  question  of  some  interest  whether  it  is  better  to  apply  ventila- 
tion by  pressure  or  by  exhaust  in  cases  like  that  of  the  Cripple  Creek 
mines.  The  objection  to  pressure  is  that  in  the  event  of  the  fan  being 
temporarily  stopped  there  may  be  an  immediate  discharge  of  black  damp 
owing  to  the  fall  in  the  air  pressure.  In  practice,  however,  there  may  be 
counterbalancing  advantages. 

As  regards  the  effects  of  the  black  damp  on  the  men,  it  must  be  borne 
in  mind  that  the  miners  will  all  be  acclimatized  to  the  oxygen  deficiency 
due  to  the  altitude  (about  10,000  ft.)  of  the  Cripple  Creek  district.  The 
results  of  the  Pike's  Peak  expedition  showed  that  there  are  three  factors 
in  this  acclimatization: 

1.  The  breathing  is  increased,  so  that  at  Cripple  Creek,  the  lungs 
are  30  per  cent,  better  ventilated  than  at  sea  level. 

2.  The  layer  of  living  cells  which  separate  the  blood  from  the  air 
in  the  lungs  pla3rs  an  active  part  in  forcing  oxygen  inward  into  the  blood, 
where  at  sea  level  this  layer  is  only  passive,  so  that  the  oxygen  passes  in 
by  simple  diffusion. 
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3.  The  blood  is  about  20  per  cent,  richer  in  hsemoglobin  and  red  cor- 
puscles at  Cripple  Creek.  Taking  into  account  the  influence  of  acclimati- 
zation, the  effects  of  a  given  percentage  of  black  damp  in  the  air  will 
probably  be  nearly  the  same  at  Cripple  Creek  as  at  sea  level. 

In  a  paper  contributed  this  summer  to  the  Transactions  of  the  (British) 
InstitiUion  of  Mining  Engineers,  I  pointed  out  that  the  excessive  tendency 
to  emphyrema  and  bronchitis  among  older  miners  is  probably  due  largely 
to  breathing  air  contaminated  by  too  much  black  damp.  I  was  mainly 
responsible  for  the  provision  in  the  British  Coal  Mines  Act  of  1911  that 
the  percentage  of  COi  should  not  be  allowed  to  exceed  IJ^  per  cent. 
This  maximum  standard  is  easily  attainable,  and  seems  well  worth 
maintaining.  A  very  simple  method  of  ascertaining  how  much  black 
damp  is  present  in  the  air  is  afforded  by  the  "tube  and  taper"  method 
which  I  introduced  about  5  years  ago.^  This  method  was  very  useful 
to  me  in  searching  for  a  sample  of  vitiated  air  at  the  Portland  mine,  where 
it  was  by  no  means  easy  to  find  such  a  sample. 

The  general  health  conditions  at  the  Cripple  Creek  mines  appeared 
to  be  much  better  than  at  most  other  metalliferous  mines  known  to  me. 
The  absence  of  miners'  phthisis  was  a  very  marked  and  extremely  inter- 
esting feature  in  this  district,  and  suggested  new  ideas  as  to  the  causation 
of  this  very  formidable  disease. 


Diesel  Engines  Versus  Steam  Turbines  for  Mine  Power  Plants 

Discussion  of  the  paper  of  Herbert  Haas,  presented  at  the  Arizona  Meeting,  Sed- 
tember,  1916,  and  printed  in  Bulletin  No.  115,  July,  1916,  pp.  1171  to  1183. 

George  W.  Hawkins,  Tucson,  Ariz,  (communication  to  the  Secre- 
tary*).— The  paper  by  Mr.  Haas  will  no  doubt  be  followed  with  consid- 
erable interest,  as  it  covers  the  power-plant  problem  in  quite  a  compre- 
hensive way,  including  not  only  the  usual  operating  costs  but  also  the 
fixed  charges  on  the  investment,  and  for  load  factors  ranging  all  the  way 
from  25  to  100  per  cent,  and  fuel  oil  ranging  from  $1.25  to  $2  per  barrel. 
The  very  fact,  however,  that  his  paper  does  cover  such  a  wide  range  of 
conditions,  makes  it  the  more  imperative  that  any  conclusion  drawn 
from  his  analysis  be  very  carefully  considered  for  any  specific  case,  for  in 
making  such  analysis  the  type  of  prime  mover  and  size  must  be  selected 
for  some  one  condition  which  might  not  be  the  proper  selection  had  some 
other  condition  been  assumed  as  the  basic  one,  resulting  in  an  unfavorable 
comparison  under  all  conditions  except  that  condition  assumed. 

From  the  reasons  given  by  the  author  for  his  selection  of  the  large 
turbine  units,  it  is  evident  he  had  in  mind  very  high  load  factors,  ranging 

'FuUy  described  in  my  book  Methods  of  Air  Analyais,  London,  1912. 
♦Received  Oct.  9,  1916. 
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from  75  to  100  per  cent.,  and  high  fuel  cost.  Under  these  particular 
conditions,  then,  his  comparison  would  be  a  fair  one,  but  any  comparison 
for  different  conditions  than  these,  such  as  low  load  factors,  or  low  fuel 
cost,  would  be  very  unfair,  for  in  the  latter  case  the  plant  should  be 
designed  along  entirely  different  lines,  resulting  in  different  first  cost  and 
operating  expense.  That  this  criticism  is  a  just  one  is  evident  from  his 
tabulation  of  power  costs,  for  according  to  that  tabulation  the  lower  the 
load  factor  the  greater  is  the  difference  in  operating  costs  in  favor  of  the 
Diesel  engines.  For  example:  With  oil  at  $1.25  per  barrel,  at  6,000-kw. 
load  the  difference  in  total  operating  costs  between  the  steam  plant  and 
the  Diesel  plant  is  0.217c.  per  kilowatt-hour  in  favor  of  the  Diesel  plant, 
whereas  at  one-quarter  load  this  difference  has  increased  to  0.342c.  per 
kilowatt-hour  in  favor  of  the  Diesel  plant.  This  being  contrary  to  the 
generally  accepted  opinion  and  also  to  his  own  statement  that  high  load 
factor  and  high  price  of  fuel  are  conditions  which  favor  the  Diesel  engine, 
leads  one  to  make  a  careful  analysis  of  the  basis  of  his  figures. 

Diesel  Engines 

SeUdion  of  Units 

The  full-load  plant  capacity  is  stated  as  6,000  kw.  in  three  units  with 
one  unit  to  serve  as  a  standby.  Inasmuch  as  it  would  be  necessary  to 
operate  all  of  the  units  to  get  8,000  kw.,  leaving  no  spare  (which  is  not 
considered  safe  practice  with  Diesel  engines),  the  comparison  of  the  steam 
plant  and  Diesel  engine  plant  at  8,000  kw.  must  be  eliminated.  With  the 
steam  plant  as  selected  it  would  be  possible  to  operate  continuously  at 
8,000  kw.,  but  not  with  the  Diesel  plant.  The  comparison,  therefore, 
should  be  limited  to  an  output  of  6,000  kw.,  4,000  kw.  and  2,000  kw. 

The  author  has  selected  units  rated  at  2,000  kw.  each,  these  being 
of  the  vertical,  single-acting,  two-cycle  type.  The  writer  has  carefully 
followed  the  development  of  Diesel  engines  in  this  country  and  does  not 
know  of  a  single  installation  having  this  size  unit.  Two  of  the  largest 
Diesel  engine  builders  take  the  position  that,  in  the  present  state  of  the 
art,  they  would  not  attempt  to  put  out  units  over  1,000  kw.  Up  to  date 
the  largest  units  in  the  United  States  are  those  at  Tyrone,  installed  by 
Nordberg  Mfg.  Co.,  which  are  rated  at  1,250  b.hp.,  or  800  kw.  It  is 
possible,  of  course,  to  build  larger  engines  than  the  above  by  simply  mul- 
tiplying cylinders,  maintaining  the  same  horsepower  per  cylinder.  This, 
however,  does  not  reduce  cost,  except  for  generators,  nor  does  it  reduce 
operating  expense.  From  the  author's  fourth  reason  (given  on  page  1 175) 
for  the  selection  of  this  size  unit,  it  is  evident  he  figures  on  a  unit  having 
greater  horsepower  per  cylinder.  While  it  is  true  that  in  Europe  units  in 
excess  of  2,000  hp.  have  been  built  in  the  two-cycle  type,  they  are  not 
considered,  even  by  the  manufacturers,  to  be  out  of  the  experimental 
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stage;  nevertheless,  they  have  gained  some  experience  in  the  manufacture 
and  operation  of  these  large  units,  which  experience  would  not  be  of  much 
value  to  American  builders,  as  the  possession  of  suitable  patterns  and  in- 
structions is  not  sufficient  to  insure  successful  construction  of  Diesel 
engines,  practical  shop  knowledge  of  construction  being  just  as  important 
in  turning  out  successful  engines  as  proper  design.  This  size  unit  is 
therefore  entirely  out  of  the  question  for  adoption  in  mining  plants  or 
any  plants  where  reliability  is  a  prime  necessity.  Therefore,  engines  must 
be  selected  not  larger  than  1,000-kw.  capacity.  There  would  then  be  six 
1,000-kw.  units  for  the  load,  with  two  spares,  giving  a  total  installed 
capacity  of  8,000  kw. 

Cost  of  Plant 

Based  on  the  use  of  large  units,  the  author  has  assumed  a  total  plant 
cost  of  $90  per  kilowatt.  As  smaller  units  are  now  being  considered,  the 
plant  cost  will  have  to  be  considerably  revised. 

The  writer  has  seen  estimates  of  costs  of  various  plants  ranging 
from  $110  to  $140  per  kilowatt,  depending  upon  size  of  unit,  location, 
etc.  The  author,  in  a  previous  paper  appearing  in  the  Engineering  and 
Mining  Journal  of  Apr.  26,  1913,  gives  the  cost  for  a  plant  of  1,400  kw. 
as  $135  per  kilowatt,  this  being  based  on  450-kw.  units.  Owing  to  the 
fact  that  the  units  under  consideration  here  are  larger  and  the  plant  itself 
of  larger  capacity,  the  writer  believes  that  $110  to  $120  per  kilowatt  would 
be  considered  a  fair  estimate  of  the  cost  of  this  plant,  this  cost  including 
not  only  the  engines  and  generators,  but  the  piping,  foundations,  oil 
tanks,  crane,  building,  jacket  water,  cooling  system,  etc.  The  installed 
cost  of  this  plant  would  then  be  between  $880,000  and  $960,000  as  against 
the  author's  first  cost  of  $720,000. 

Fixed  Charges 

Fixed  charge  of  12  per  cent.,  consisting  of  interest  at  6  per  cent., 
amortization  at  6  per  cent.,  has  been  assumed  by  Mr.  Haas.  The  amor- 
tization, or  sinking-fund  figure  is  based  upon  15  years'  life  of  plant,  sink- 
ing fund  bearing  4J^  per  cent,  interest.  The  life  of  the  Diesel  engine  is 
an  unknown  factor,  the  present  engines  having  been  developed  within 
comparatively  recent  years.  The  proper  amount  to  figure  for  sinking 
fund  is  therefore  merely  an  intelligent  guess.  Some  Diesel  engine 
builders  figure  that  there  should  be  an  allowance  made  to  cover  the  entire 
replacement  of  the  Diesel  engines  every  9  or  10  years. 

As  against  this,  the  life  of  the  steam  plant  is  well  known.  Steam 
plants  are  in  good  operating  condition  20  to  25  years  after  installation, 
and  the  steam  turbine  has  been  perfected  to  such  a  degree  that  it  is  not 
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likely  that  there  will  be  any  radical  departure  from  present  types  for  a 
good  many  years  to  come.  Whatever  figure  is  used  for  the  assumed 
life  of  the  Diesel  engine  plant,  the  life  of  the  steam  plant  should  be  figured 
at  least  50  per  cent,  longer.  If  15  years  is  assumed  for  the  Diesel  engine, 
resulting  in  a  sinking  fund  of  6  per  cent,  with  money  reinvested  at  4^ 
per  cent.)  25  years  should  be  figured  for  the  steam  plant,  giving  a  sinking 
fund  of  2.25  per  cent.,  or  3.75  per  cent,  greater  fixed  charges  for  the  Diesel 
plant  than  for  the  steam.  Considering  that  the  first  cost  is  about  333^ 
per  cent,  higher  than  assumed  by  the  author,  the  increase  in  this  item  of 
fixed  charges  is  a  very  material  one. 

Fuel 

Fuel  cost  is,  of  course,  the  largest  item  of  expense  at  high  load  factors, 
and  any  wrong  assumption  in  this  item  would  affect  results  very  mate- 
rially. The  author  has  used  a  figure  of  0.64  lb.  of  oil  per  kilowatt  hour 
in  arriving  at  his  full-load  fuel  cost,  and  in  fact,  his  fractional-load  fuel 
cost.  This  figure  is  about  what  builders  usually  guarantee  for  four- 
cycle engines,  and  it  may  be  obtained  on  acceptance  tests,  but  there  is 
of  necessity  always  a  falling  down  in  actual  operation  from  the  test 
results,  due  to  the  method  of  operation,  the  way  engines  are  kept  up, 
etc.  The  fuel  consumption,  therefore,  under  normal  operation,  even 
when  the  plant  is  new,  would  be  at  least  5  per  cent,  higher.  Owing  to 
the  excessively  high  pressure  used  in  Diesel  engines,  any  slight  wear  of 
cylinder  would  reduce  economy  very  materially  due  to  the  enormous 
leakage  possible,  and  hence,  the  average  economy  over  the  life  of  plant 
is  likely  to  be  considerably  poorer  than  for  the  first  few  months  of 
operation. 

Owing  to  the  very  short  time  the  Diesel  tjrpe  of  plant  has  been  in 
operation,  it  is  impossible  to  tell  just  what  this  falling  off  in  economy 
would  be  from  operation  the  first  few  months,  but  that  there  will  be  such 
a  falling  off  is  certain.  However,  this  is  not  being  considered  in  this 
analysis.  Engines  of  this  large  size,  however,  would  probably  be  of  the 
two-cycle  type,  which  is  not  as  economical  as  the  four-cycle.  The  author 
makes  the  statement  in  the  former  paper  referred  to  that  the  two-cycle 
engines  have  fully  10  per  cent,  higher  fuel  consumption  than  the  four- 
cycle engines,  making  the  actual  operating  economy  0.736  lb.  per  kilo- 
watt-hour. His  fuel  consumption,therefore,  should  be  15  per  cent,  higher 
than  he  has  figured. 

Further,  he  has  assumed  that  plant  would  operate  on  ordinary  fuel 
oif  running  320  lb.  per  barrel.  Diesel  engine  manufacturers  are  willing 
to  guarantee  operation  with  heavy-gravity  fuel  oils,  but  except  in  a  few 
instances,  even  where  such  guarantees  have  been  made.,  the  owners  have 
after  a  short  trial  gone  to  the  lighter-gravity  oils,  owing  to  the  heavy 
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cost  and  trouble  of  keeping  engine  in  running  condition.  To  be  perfectly 
safe,  therefore,  in  deciding  type  of  prime  mover,  one  should  not  base 
operating  costs  on  the  use  of  heavy-gravity  oils,  and  as  the  lighter  oils 
run  from  15  to  20c.  per  barrel  more  than  the  heavy  oils  in  common  use 
in  steam  stations,  and  run  considerably  lighter  per  barrel,  as  low  as  285 
or  300  lb.,  there  is  the  possibility  of  further  increase  in  the  cost  of  fuel  oil 
over  that  assumed  by  the  author.  The  additional  fuel  cost  at  full  load 
would  therefore  be  at  least  $20,000  greater  than  given  by  the  author,  and 
may  run  as  much  as  $46,000  greater  if  the  lighter-gravity  oils  should  be 
adopted  for  the  Diesel  plant.  In  this  analysis,  however,  it  is  assumed 
that  fuel  oil  can  be  used.  * 

The  above  applies  to  full-load  operation.  At  fractional  loads  there 
will  be  a  falling  off  in  economy  of  the  Diesel  engine  in  the  same  way  that 
there  is  for  steam  turbines.  Theoretically,  it  would  be  possible  to  get 
full-load  economy  at  any  of  the  fractional  plant  loads  due  to  the  number 
of  small  units,  enabling  the  units  m  service  to  be  operated  at  practically 
rating.  This  is  not  practical  working  condition,  however,  as  Diesel 
engines  have  a  fixed  overload,  and  on  a  swinging  load  it  would  not  be 
possible  to  have  m  service  just  the  proper  niunber  of  units  theoretically 
required.  This  would  mean  that  the  units  in  service  would  be  operated 
at  fractional  loads,  in  which  case  the  economy  would  drop  off  quite 
materially,  the  same  as  with  any  type  of  prime  mover. 

Maintenance  and  Lvbricaiian 

The  next  item  of  importance  is  maintenance.  The  author  has 
assumed  maintenance  as  1  per  cent,  of  the  plant  cost.  This  cannot  be 
based  on  actual  operating  costs  in  this  country  for  any  lengthened 
period,  as  no  plants  of  any  size  have  been  in  operation  long  enough  to 
give  any  reliable  records.  It  would  be  like  assuming  the  average  main- 
tenance cost  of  an  automobile  from  the  records  of  the  first  few  months  of 
its  operation.  On  the  other  hand,  it  may  be  this  is  based  on  operation 
in  European  countries.  However,  considering  the  difference  in  price  of 
labor,  price  of  material,  class  of  labor,  etc.,  it  is  practically  impossible 
to  make  proper  adjustment  to  arrive  at  a  figure  for  operation  in  the  United 
States.  The  safer  plan  would  be  to  investigate  maintenance  costs  of 
actual  plants  in  the  United  States,  increasing  these  items  to  cover  average 
maintenance  over  the  period  of  the  life  of  plant,  and  then  make  any 
adjustment  necessary  for  more  favorable  conditions  in  this  plant. 

In  the  author's  article  in  the  Engineering  and  Mining  Journal  he 
assumes  a  figure  which  is  3  per  cent,  of  the  first  cost  of  the  plant  for  main- 
tenance, making  the  statement  that  the  figure  is  based  on  prolonged  cost 
records  of  Diesel  engine  power  plants.  The  writer  has  in  mind  two  plants 
of  fairly  good  size  where  the  first  2  years'  operation  was  even  higher  than 
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this,  and  it  is  safe  to  assume  that  the  maintenance  cost  would  increase  as 
the  plant  gets  older. 

The  cost  of  lubrication  is  one  that  varies  widely,  depending  upon  the 
design  of  engine,  care  and  operation,  etc.,  varying  all  the  way  from  one- 
fourth  to  one-eighth  of  the  fuel  bill,  so  that  the  figure  given  by  the  author 
can  be  considered  as  a  general  average,  although  it  might  mount  up  to  a 
considerably  higher  figure. 

Labor 

The  item  of  labor,  considering  the  greater  number  of  units,  will  be 
higher  than  assumed  by  Mr.  Haas.  In  addition  to  the  engineer  and  his 
assistants  and  electrical  operators,  there  should  be  one  oiler  for  two 
engines,  which  would  make  nine  oilers  per  24-hr.  period.  This  adds  a 
considerable  amount  to  the  labor  rate. 

Steam  Plant 

Selection  of  Units 

Mr.  Haas  states  that  his  reason  for  selecting  6,000-kw.  turbines  is 
the  superior  economy  of  the  6,000-kw.  turbine  over,  say,  a  3,0OO-kw. 
turbine,  which  justified  the  very  much  heavier  first  cost.  This  is  the 
proper  way  to  select  size  of  unit,  but  it  can  apply  only  to  one  particular 
assumed  condition.  If  the  plant  is  to  run  at  100  per  cent,  load  factor 
the  superior  economy  of  the  6,000-kw.  unit  will  offset  the  fixed  charges 
on  the  greater  investment,  but  if  the  plant  is  to  operate  at  one-half,  one- 
third  or  one-quarter  load,  the  selection  of  a  6,000-kw.  unit  may  be  a 
very  bad  one,  for  the  total  operating  cost  might  figure  out  much  lower 
with  a  smaller  unit  because  of  superior  economy  at  the  load  considered 
and  lower  first  cost  due  to  smaller  installed  capacity. 

Cost  of  Plant 

Assuming  that  his  selection  of  6,000-kw.  turbines  is  the  proper  one, 
his  plant  cost  is  about  right,  but  if  plant  were  to  operate  at,  say,  one- 
half  load  or  one-third  load,  an  investigation  of  the  total  operating  cost 
would  probably  lead  to  the  selection  of  two  3,000-kw.  units  to  carry 
the  load  with  one  spare,  or  a  total  installed  capacity  of  9,000  kw.  against 
an  installed  capacity  of  12,000  kw.,  resulting  in  the  plant  costing  probably 
25  per  cent,  less  than  assumed  by  Mr.  Haas. 

Fixed  Charges 

As  stated  above,  if  life  of  the  Diesel  plant  is  considered  as  15  years, 
the  life  of  the  steam  plant  ought  to  be,  for  fair  comparison,  assumed  at 
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25  years,  resulting  in  3.75  per  cent,  lower  fixed  charge  for  the  steam  plant 
than  for  the  Diesel  plant. 

Fuel 

While  the  assumed  steam-plant  economy  checks  with  average  practice, 
it  is  not  by  a  good  large  percentage  as  high  as  is  actually  being  obtained 
in  some  recent  plants  under  daily  operating  conditions  with  units  of 
approximately  the  same  size  as  assumed  here,  this  increase  in  economy 
being  obtained  by  advance  in  boiler  design — allowing  increased  steam 
pressure  and  higher  superheat — ^the  use  of  steel-encased  boilers,  the  use 
of  automatic  oil  firing — giving  better  furnace  regulation — ^the  use  of 
properly  designed  cooling  system,  and  the  advance  in  condenser  design 
allowing  higher  vacuums,  etc.  These  are  not  merely  possible  improve- 
ments in  steam-plant  design,  but  they  have  actually  been  incorporated 
in  some  existing  plants,  resulting  in  the  high  economy  stated.  Even 
these  economies  can  be  exceeded  where  plant  is  installed  at  seaboard 
where  colder  condenser  water  is  available,  giving  higher  vacuum,  and 
consequently  better  economy  of  prime  mover. 

Further,  it  is  just  as  easy  to  burn  a  lower-gravity  oil  as  to  burn  lighter 
oils,  the  low-gravity  oils  running  greater  weight  per  barrel  and  costing 
the  same,  or  slightly  less.  On  the  other  hand,  it  would  not  be  wise  to 
use  this  low-gravity  oil  for  Diesel  engines. 

The  fuel  item,  then,  could  easily  be  as  much  as  20  per  cent,  lower  than 
assumed  by  the  author,  which  would  mean  practically  $52,000  smaller 
yearly  fuel  bill  at  rated  load.  When  operating  at  the  lower  loads,  his 
fuel  bill  is  still  further  off  because,  as  explained  above,  for  a  plant  operat- 
ing under  these  conditions  one  would  not  think  of  installing  a  one-unit 
plant,  and  hence,  although  the  smaller  unit  would  have  a  lower  economy, 
it  would  be  operating  at  full  load  and  therefore  at  better  economy  than 
the  large  unit  at  fractional  load.  For  this  reason,  the  fuel  items  at  frac- 
tional loads  are  far  too  high,  resulting  in  an  unfair  comparison. 

Maintenance,  Etc. 

The  maintenance  item  of  a  steam  turbine  plant  is  one  of  the  smaller 
items  of  cost,  as  it  simply  means  the  expense  of  cleaning  boilers,  small 
miscellaneous  apparatus,  and  an  occasional  repair,  so  that  the  figure  Mr. 
Haas  has  used  is  exceedingly  ample. 

The  water  bill,  of  course,  is  much  higher  than  for  Diesel  plants,  but 
it  is  not  such  an  item  as  to  have  very  much  weight  in  the  decision  of  the 
type  of  plant  to  be  installed;  that  is,  as  far  as  the  cost  of  it  is  concerned. 
The  question  of  suflBicient  supply  is  an  entirely  different  matter. 

The  labor  cost  of  operating  a  steam  plant  is  less  than  for  a  Diesel, 
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as  a  steam  plant  requires  very  little  attention  compared  with  a  Diesel 
engine;  and  with  an  oil-fired  plant  and  automatic  system  of  oil  firing, 
the  boiler  room  labor  is  cut  down  to  a  minimum. 


DiESBL  AND  TOBBINB  PlANT  DiAGBAMS 

In  addition  to  the  tabulated  analysis,  Mr.  Haas  submits  diagrams, 
Fig.  3,  showing  diagrammaticaUy  the  relation  between  the  operatiiig 
costs  of  steam  turbine  plants  and  Diesel  engine  plants  at  Tarious  effi- 
ciencies, fuel  costs  and  load  factors.  These  diagrams  are  quite  mis- 
leading in  that  they  do  not  include  all  the  operating  costs.  The  reason 
given  by  the  author  for  omitting  these  is  that  the  remaining  operating 
costs  are  either  of  small  moment  or  practically  the  same  for  both  types 
of  plants.  This  is  not  true,  as  both  maintenance  and  lubrication  of  the 
Diesel  plant  are  excessively  high  and  have  no  parallel  in  the  steaoi  plant. 
He  states  that  lubrication  alone  varies  from  $2  to  $4  per  kilowatt-hour. 
The  maintenance  item  will  also  nm  about  the  same  rate,  so  that  if  these 
items  were  included  it  would  make  quite  a  difference  in  the  comparison. 

Further,  the  quarter-load  comparison  is  unfavorable  to  the  steam 
plant  on  account  of  the  efficiency  assumed.  Checking  back  from  some- 
of  the  figures,  it  is  found  that  the  economy  at  quarter  load  is  reduced 
about  50  per  cent,  over  what  it  is  at  full  load.  This  would  probably 
be  true  if  a  one-unit  plant  were  used,  but  as  explained  above,  under  such 
operating  conditions  a  two-  or  three-unit  plant  would  be  selected,  and  the 
economy  would  then  not  be  more  than  15  per  cent,  to  20  per  cent,  poorer 
than  the  plant  operating  at  full  load. 
» 

Conclusion 

The  writer  has  made  some  figures  corrected  along  the  above  lines 
^hich  show  that  the  operating  costs  of  both  types  of  plant  are  materially 
different  from  those  given  by  the  author.  At  6,000-kw.  output,  which 
is  considered  full  rating  of  the  plant,  the  total  operating  cost  per  year  for 
the  Diesel  engine  plant  is  $345,000  and  for  the  steam  plant  $305,000, 
making  0.657c.  per  kilowatt-hour  for  the  Diesel  plant  and  G.58c.  per 
kilowatt-hour  for  the  steam  plant.  One  hundred  per  cent,  load  factor, 
however,  is  only  a  theoreticsJ  condition  and  is  seldom,  if  ever,  obtained 
in  practice,  if  units  are  properly  selected  when  installing  plant.  Three- 
quarters  load,  or  4,500-kw.  output,  represents  more  nearly  an  operating 
condition,  but  under  this  condition  it  is  still  more  favorable  to  the  steam 
plant,  the  cost  per  kilowatt-hour  for  the  Diesel  plant  being  0.76c.  and 
for  the  steam  plant  0.65c. 

The  above  is  based  upon  using  the  same  grade  of  fuel  oil  for  both  the 
steam  plant  and  the  Diesel.    If  lighter-gravity  oils  were  used  for  the 
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Diesel,  the  operating  cost  of  the  Diesel  plant  would  be  still  greater,  and 
this  is  always  a  possibility  as  this  point  is  not  yet  beyond  question. 

Summing  up  the  above  arguments,  the  author's  paper  is  shown  to  give 
an  imtrue  comparison  of  the  relative  operating  costs  of  the  two  types  of 
prime  mover,  on  account  of: 

1.  Selecting  Diesel  engines  of  far  larger  rating  than  have  ever  been 
put  into  successful  use. 

2.  First  cost  of  plant  too  low,  resulting  from  this  selection  of  units. 

3.  Assuming  actual  operating  economy  equivalent  to  builders'  guar- 
antees and  not  reducing  this  to  cover  results  obtained  in  actual  oper- 
tion. 

4.  Maintenance  too  low,  being  merely  an  assumed  figure  and  not 
checking  with  published  records. 

5.  Economy  of  the  steam  plant  has  been  assumed  far  lower  than  is 
actually  being  obtained  in  the  latest  turbine  plants. 

6.  Fixed  charges  on  steam  plant  being  too  high  in  comparison  with 
fixed  charges  assumed  for  Diesel  plant  on  account  of  same  life  being 
assumed  for  both  steam  and  Diesel  plants. 

7.  Fractional-load  economy  on  turbine  plant  is  erroneous  on  account 
of  selecting  units  on  the  basis  of  100  per  cent,  load  factor  and  then 
operating  them  at  fractional  loads,  instead  of,  in  the  case  of  fractional 
load,  assuming  different  size  units  which  would  result  in  better  economy 
and  lower  first  cost. 

While  the  figures  used  by  the  writer  for  Diesel  engine  operating  costs 
are  very  much  higher  than  the  author's,  they  cannot  be  considered  ex- 
treme for  they  have  been  compared  with  published  records  of  actual 
operating  costs,  and  in  each  case  lower  figures  have  been  assumed  on 
account  of  the  units  being  larger  and  representing  the  latest  development 
in  Diesel  engine  design.  It  must  further  be  borne  in  mind  that  in  a 
comparison  of  this  kind  one  is  comparing  the  well-known  reliability  and 
well-known  cost  of  operation  of  a  steam  turbine  plant  with  a  type  of 
plant  which  is  entirely  untried  for  plants  of  this  large  capacity;  conse- 
quently, the  operating  costs  are  entirely  a  matter 'of  conjecture  and  in 
using  figures  somewhat  better  than  published  records  of  such  plants,  one 
is  going  as  far  as  it  is  safe  to  go. 

Aside  from  the  question  of  operating  costs  there  are  other  considera- 
tions which  are  of  vital  importance  in  the  selection  of  prime  mover  for 
a  mine  plant,  where  any  shutdown  of  mine  due  to  power-plant  troubles 
would  be  very  serious,  hence  the  question  of  absolute  reUability  of  opera- 
tion, the  ease  of  getting  sufficient  supply  of  skilled  labor  familiar  with 
the  operation  of  the  type  of  prime  mover  selected,  the  ease  or  difficulty 
of  making  repairs  or  getting  repair  parts,  the  suitability  of  the  plant  for 
the  use  -of  other  fuels  beside  oil,  are  of  prime  importance.  All  of  these 
considerations  will  tend  toward  the  adoption  of  the  steam  turbine  plant 
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rather  than  the  Diesel  plant,  even  if  the  operating  costs  as  estimated 
did  show  up  favorably  to  the  Diesel  engine.  All  such  questions  are  already 
answered  in  the  case  of  a  steam  turbine  plant,  where  they  are  entirely 
problematical  in  Diesel  engines. 

Considering  all  these  vital  points,  the  Diesel  engine  must  show  a 
tremendous  margin  on  paper  in  opa*ating  costs  over  the  steam  plant 
before  the  risk  is  justified  in  mine  power  plants. 

In  conclusion,  the  writer  would  refer  to  the  statement  made  by  H.  J. 
Freyn,  the  well-known  authority  on  Internal  Combustion  Engines, 
appearing  in  the  Transactions  of  the  American  Society  of  Mechanical 
Engineers  in  1911,  as  follows:* 

^^  Since  the  Diesel  engine  owes  its  existence  primarily,  in  fact  almost  exclusively, 
to  its  unsurpassed  fuel  economy,  it  is  not  surprising  that  its  advent  and  development 
have  had  a  singular  economic  significance  in  Germany  and  France  and  on  the  European 
continent  in  general,  where  fuel  is  very  expensive  and  the  standard  of  manufacture 
high,  whereas  in  England  and  more  particularly  in  America,  where  excellent  cheap 
fuels  abound,  while  skilled  labor  is  scarce  and  dear,  there  is  manifestly  not  the  same 
inducement  for  the  introduction  of  very  costly  although  thermally  highly  economic 
machinery." 
Also — 

"  Broadly  speaking  the  outlook  for  the  oil  engine  of  medium  size  in  this  countn' 
seems  good,  perhaps  not  so  much  in  the  immediate  future  as  later  on  after  more 
knowledge  of  the  advantages  of  the  oil  engine  is  disseminated  and  its  good  features 
are  demonstrated;  but  over-enthusiasm  should  be  carefully  guarded  against,  since, 
as  mentioned  before,  economic  conditions  in  this  country  are  materially  different 
from  those  abroad,  where  the  oil  engine  seems  to  have  entered  upon  a  triumphal 


Manganese  Ores  of  Russia,  India,  Brazil  and  Chile 

Discussion  of  the  paper  of  E.  C.  Harder,  presented  at  the  Arizona  Meeting,  Sep- 
tember, 1916,  and  printed  in  Bulletin  No.   113,  May,  1916,  pp.  761  to  798. 

Herbert  K.  Scott,  London,  England  (communication  to  tbe  Secre- 
tary*).— I  am  acquainted  with  the  manganese-ore  deposits  of  Russia, 
India  and  Brazil,  and  agree  generally  with  the  statements  contained  in 
the  paper  regarding  those  deposits.  The  information  given  by  Mr. 
Harder  regarding  the  Chilean  deposits  is  very  welcome. 

When  examining  the  Caucasian  deposits,  I  endeavored  to  determine 
the  quantity  of  ore  originally  contained  in  the  deposit,  and  by  deduction, 
the  amount  remaining  for  extraction.  These  calculations  were  rendered 
possible  by  the  great  extent  of  the  outcrop  and  the  extensive  work  that 
had  been  carried  on  in  the  deposit. 

In  making  the  first  estimate,  the  quantity  of  manganese  ore  and  as- 
sociated sterile  material  in  the  bed  was  measured  in  a  large  number  of 


» Vol.  33,  pp.  921  to  923. 
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places,  and  the  total  quantity  of  ore  originally  contained  in  the  deposit 
was  calculated  equal  to  57,000,000  tons. 

With  regard  to  the  second  figure,  it  was  found  that  only  about  15  per 
cent,  of  the  mineral  contained  in  the  deposit  was  exported  owing  to  (a) 
the  crude  pillar  and  stall  method  of  mining,  (b)  the  large  quantity  of 
gangue  associated  with  the  ore,  (c)  the  friable  character  of  the  mineral, 
(d)  its  low  market  value,  and  the  exigencies  of  the  purchaser. 

In  recent  years,  beginning  in  1900,  and  more  particularly  since  1905, 
the  introduction  of  longwall  working  and  the  stowing  in  the  goaf  of  the 
associated  sandstone,  as  well  as  the  construction  of  numerous  washing 
plants,  has  resulted  in  a  larger  proportion  of  the  orebody  finding  its  way 
to  consumers.  Already  in  1906,  workings  were  being  reopened  and  pillars 
and  poor  ore  withdrawn  which  had  been  hitherto  abandoned,  so  that 
in  all  probability  a  large  part  of  the  ore  in  the  old  workings  will  be 
eventually  recovered,  although  the  measure  in  which  this  is  done  will 
depend  upon  the  market  value  of  the  mineral  at  the  time. 

With  longwall  working  90  per  cent,  of  the  ore  can  be  obtained,  but 
for  the  purpose  of  calculation  75  per  cent,  may  be  estimated  as  likely  to 
be  realized  by  reason  of  the  amount  of  crushed  ground.  Of  the  ore 
available,  about  50  per  cent,  will  be  washed,  with  a  loss  of  33  per  cent., 
so  that  the  total  quantity  of  ore  likely  to  be  extracted  from  these  deposits 
will  be  as  follows: 

Mineral  origiiially  in  deposit 57,000,000  tons. 

25  per  cent,  loss  in  working 14,250,000  tons. 

42,750,000  tons. 

Lump  ore  50  per  cent,  of  above 21,375,000  tons. 

Washable  ore  50  per  cent,  of  above 21,375,000  tons. 

Less  loss  of  33  per  cent,  in  treatment 7,125,000  tons.     14,250,000  tons. 

35,625,000  tons. 
Quantity  excavated  to  end  of  1914 13,500,000  tons. 

Quantity  of  ore  available  for  extraction 22,125,000  tons. 

This  figure  differs  appreciably  from  that  of  110,000,000  tons  on  page  768 
of  the  paper. 

Assuming  that  the  value  of  the  ore  permits  1,000,000  tons  per  annum 
to  be  marketed  after  peace  is  declared,  the  deposits  should  be  able  to 
furnish  that  quantity  of  ore  for  over  20  years. 

In  addition  to  the  minerals,  pyrolusite,  psilomelane  and  wad  men- 
tioned by  the  author,  an  appreciable  quantity  of  a  dull  reddish  mineral 
was  mined,  which  although  originally  rejected  by  reason  of  not  being 
black,  was  subsequently  found  to  be  of  better  quality  than  the  general 
run  of  ore.  A  complete  analysis  of  some  of  the  first-quality  stuff  indicated 
that  it  was  probably  manganite  (Mn208.H20),  and  as  the  complete 
analysis  may  be  of  interest,  it  is  given  herewith: 
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Per  Cent. 

Silica 3.02 

Manganese  peroxide 48,02 

Manganese  monoxide 36.00 

Ferric  oxide 0.64 

Alumina 0.91 

Baryta 0.84 

lime 1.05 

Magnesia 0.22 

Phosphoric  acid 0.337 

Arsenic  acid nil 

Sulphuric  acid 0. 542 

Oxide  of  copper 0.03 

Oxide  of  lead nil 

Oxide  of  zinc trace 

Combined  water 8.40 

100.009 

Manganese  (metal) 58.25 

Iron  (metal) 0.45 

Phosphorus 0. 147 

Sulphur 0.217 

I  visited  the  deposits  of  the  Nicopol  district  in  1907,  and  found 
that  manganese  ore  had  been  proved  to  exist  over  a  large  area.  No 
calculation  even  reasonably  near  the  truth  can,  however,  be  made  re- 
garding the  quantity  of  mineral  likely  to  be  contained  in  the  area  under- 
lain by  manganese  ore,  inasmuch  as  the  outcrops  of  the  ore  are  limited  in 
extent,  and  the  details  of  the  thickness  and  composition  of  the  bed  over 
the  area  have  not,  so  far  as  I  know,  been  obtained  on  a  sufficiently 
comprehensive  scale.  I  am  convinced,  however,  that  the  quantity  of 
mineral  available  is  very  large. 

The  totals  given  by  Mr.  Harder  regarding  the  area  of  the  deposit  and 
the  mineral  available,  apparently  taken  from  the  Bryschlag-Krusch- 
Vogt  treatise,  represent,  in  my  opinion,  but  a  fraction  of  the  correct 
figures,  and  further  do  not  appear  to  be  in  correct  relation  with  each 
other,  for  an  area  of  20  sq.  km.  underlain  by  a  manganese-ore  bed  1  to 
1.5  m.  in  thickness  would  not  give  a  total  quantity  of  mineral  available, 
of  7,500,000  tons.  Dr.  N.  Sokolow,^  who  studied  these  deposits  in 
1901,  shows  the  manganese-ore  area  as  exceeding  200  sq.  km.  in  extent, 
and  in  one  deposit  seen  by  me,  with  an  area  of  over  50  sq.  km.  in  which 
many  test  pits  and  bore  holes  had  been  made,  the  quantity  of  ore  available, 
estimated  by  a  Russian  engineer  of  standing,  was  many  times  great^^r 
than  the  total  given  by  Mr.  Harder  for  the  whole  zone. 

Generally,  the  mineral  excavated  consists  of  20  per  cent,  lumpy  and 

^  Dr.  N.  Sokolow:  Die  Manganerslager  des  Gouvemements  Jekaterinoslair, 
Russia,  Memoires  du  CamiU  GMogique,  voL  1S»  No.  2  (1001). 
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80  per  cent,  small  ore.    The  establishment  of  washing  plants  is  general 
and  approximately  50  per  cent,  is  lost  in  treatment. 

At  one  property  of  which  "the  nm  of  mine"  contained  34  per  cent. 
Mn,  the  whole  of  the  output  was  washed,  giving  the  following  results: 

Per  Cent. 

First  grade 50.00  Manganese  (metal). 

8.00  Silica 

10.00  Moisture 

0.16  Phosphorus 

Second  grade 40.00  Manganese  (metal) 

28.00  Silica 

10.00  Moisture 

Tailing 20.00  Manganese  (metal) 

38.00  Silica 

Regarding  the  Indian  deposits,  I  consider  Dr«  Fermor's  compre- 
hensive treatise  from  which  the  author  quotes  as  the  best  statement 
regarding  manganese  ores  hitherto  published. 

The  quantity  of  ore  likely  to  be  contained  in  these  deposits  is  great, 
particularly  in  those  of  the  Central  Provinces  which  are  so  large  and 
numerous,  with  in  many  cases  enormous  outcrops.  If  Dr.  Fermor's 
theory  regarding  the  genesis  of  the  deposits  of  the  Gondite  series  be  cor- 
rect, and  the  ore  continues  in  depth  as  at  surface,  the  quantity  of  mineral 
available  will  be  enormous. 

The  Sandur  and  Mysore  State  deposits  of  India  classed  as  lateritoid 
by  Dr.  Fermor  have  much  in  common  with  those  of  Rodriga  Silva  and 
Ouro  Preto  in  Brazil,  mentioned  by  the  author  on  page  788. 

This  class  of  deposit  has  often  resulted,  both  in  Brazil  and  India,  in 
financial  loss,  and  so  possesses  interest  mostly  of  a  negative  character. 
While  the  outcrops  of  these  deposits  are  generally  striking  in  appearance 
and  seem  to  contain  large  quantities  of  merchantable  ore,  exploration 
generally  proves  them  to  be  superficial  in  character,  the  manganese  ore 
giving  place  at  a  shallow  depth  to  iron  ore,  and  subsequently  to  the 
original  rock. 

The  precise  origin  of  the  manganese  and  iron  in  these  deposits,  as  in 
all  those  of  a  lateritic  character,  is  obscure,  but  it  is  generally  agreed  that 
a  large  part  of  the  material  is  derived  from  the  underlying  rock  by  the 
action  of  ground  waters,  although  Dr.  Fermor,  in  order  to  explain  the 
formation  of  the  larger  deposits,  suggests  that  some  of  the  manganese 
and  iron  has  come  from  surrounding  rocks.  Bryschlag*  points  out  that 
in  oxidation  precipitation  the  iron  is  thrown  down  before  the  manganese, 
which  explains  the  presence  of  the  manganese  ore  on  the  surface  with  iron 
beneath. 

*  Bryschlag,  Vogt  and  Knisch:  Deposits  of  the  IJsefvl  Minerals  and  Rocks,  trans- 
lated by  S.  J.  Truscott,  vol.  2,  p.  852  (1916). 
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Analyses  of  Brazilian  and  Indian  types  of  this  class  of  ore,  in  the  diyi 
are  given  below: 


India  BraBil 


Sandor  State,  '  Mysore  State,  I      Botafogo.        Trea  Cniaes. 
Percent.      '     Per  Cent.  Per  Cent.      ,      Per  Cent. 


Manganese  (metal) 40.92            38.24            41.23       |      37.25 

Iron  (metal) 14.96      i      16.85             16.23       '      19.42 

Silica I  1.60 

Phosphorus !  0.002 


10.40      ,        3.11  5.40 

0.184     ,        0.193  0.102 


With  regard  to  the  Miguel  Burnier  deposit,  the  late  A.  O.  Derby 
held  that  the  manganese  was  derived  from  a  limestone  and  suggested 
that  the  associated  earthy  ores,  as  he  termed  them,  were  residual  from 
limestone.  Certainly  the  limestone  which  did  not  show  at  grass  and 
was  some  15  m.  from  the  deposit  about  50  m.  below  surface;  at  a  depth 
of  150  m.  was  in  contact  with  the  manganese  ore  bed,  which  was  much 
thinner,  and  a  similar  condition  was  observed  at  Rodeio. 

The  extraordinary  development  of  the  Morro  da  Mina  mine  is  an 
example,  somewhat  rare,  of  a  property  proving  to  be  much  more  valuable 
than  suggested  by  surface  indications.  This  area  remained  for  some  years 
undeveloped  after  manganese  mining  was  initiated  in  Brazil,  principally 
because  the  lateritic  covering  of  the  hill  consisted  in  great  part  of  a  partly 
altered  spessartite  rock,  a  siliceous  manganese  ore  which  was  also  found 
in  an  exploratory  crosscut  some  50  m.  in  length,  driven  into  the  hill  near 
its  base,  at  some  remote  period.  In  19(X),  10  years  after  the  deposit  was 
discovered,  crosscuts  were  made  on  the  hill  in  several  places  at  a  depth  of 
some  meters,  below  the  lateritic  cap,  and  the  huge  lenses,  since  developed, 
were  discovered.  Derby  suggested  that  they  were  the  oxidized  portions 
of  a  manganese  carbonate  similar  to  that  which  produced  the  deposit  of 
Piquery,  and  which  differed  from  the  more  siliceous  and  resistant  mineral- 
containing  spessartite. 

Had  the  explanatory  crosscut  at  the  base  of  the  hill  been  continued 
for  several  meters,  it  would  have  cut  one  of  the  lenses  at  present  being 
so  profitably  worked. 

I  saw  the  Bahia  deposits  some  years  ago,  and  at  that  time  the  Onha 
property  was  the  principal  producer.  Indeed,  more  mineral  has  been 
quarried  from  it  than  from  the  Pedras  Pretas  property  mentioned  by  Mr. 
Harder.  Up  to  the  end  of  1908,  I  estimated  that  about  70,000  tons  of 
ore  had  been  got  from  these  deposits  and  I  have  not  heard  that  this  total 
has  since  been  appreciably  increased.  The  Onha  deposit  consisted  of  a 
vertical  lense,  150  m.  in  length,  and  a  maximum  width  of  25  m.  It  was 
composed  of  a  mixture  of  merchantable  ore  and  a  partly  altered  man- 
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ganese  garnet  rock.  In  depth  this  latter  appeared  to  be  increasing  in 
quantity  and  the  better  ore  was  more  difficult  to  obtain. 

The  war  prevented  me  from  contributing  to  the  discussion  on  Mr. 
Harder's  paper  on  The  Iron  Industry  of  Brazil,  read  in  October,  1914, 
but  I  would  ask  now  to  be  permitted  to  express  my  appreciation  of  the 
excellent  work  of  Mr.  Harder  and  other  American  engineers  in  the  study 
of  these  deposits. 

I  do  not,  however,  agree  with  the  author  when  he  asserts  that  the 
massive  iron  ores  were  laid  down  as  found  today  and  practically  ignores 
the  possibility  of  the  massive  ore  having  been  formed  by  alteration  from 
the  general  average  of  the  iron  formation. 

No  one  visiting  the  iron-ore  district  can  fail  to  notice  that  great 
changes  must  have  taken  place  in  the  character  and  composition  of  the 
rock,  and  which  are  indeed  still  going  on,  although  in  an  infinitesimal 
degree  compared  with  former  times. 

This  is  recognized  to  some  extent  by  the  author,  and  his  statement 
that  the  laminated  ore  is  altered  to  a  greater  depth  by  surface  agencies, 
elimination  of  silica,  hydration,  etc.,  than  the  hard  ore,  suggests  the 
possibility  of  the  massive  ore  having  been  formed  in  the  same  way,  and 
afterward  suffering  dehydration. 

So  extensive  and  numerous,  however,  are  these  deposits  that  it  is 
obvious  to  anyone  seeing  them  that  they  contain  enormous  quantities 
of  ore.  Hence  the  question  of  their  origin  has  little  economic  interest  for 
the  present  generation. 

Notwithstanding  the  evidence  of  a  large  number  of  analyses  of  sam- 
ples, almost  all  of  which  are  probably  from  outcrops,  I  am  of  opinion 
that  these  ores  will  be  found  to  contain,  when  exported  in  quantities,  less 
iron  owing  to  hydration,  and  more  phosphorus  than  is  generally  supposed, 
and  in  this  resemble  the  Chilean  ores,  of  which  Mr.  Harder  says  that  a 
large  proportion  will  be  found  to  be  of  non-Bessemer  grade. 

With  regard  to  the  transport  of  the  ore,  I  believe  it  could  be  carried 
on  the  Central  Railway,  if  the  line  were  improved  and  an  endeavor  made 
to  handle  it. 

I  do  not  consider  that  the  Brazilian  Government  will  assist  the  iron- 
ore  export  business  (and  it  will  require  sympathetic  treatment)  to  the 
exclusion  of  the  establishment  of  steel  manufacture  in  the  country,  even 
though  as  yet  no  coal  suitable  for  coke  manufacture  has  been  found  in 
Brazil. 

The  old  rule  that  ore  should  be  ^ken  to  fuel  rather  than  the  reverse 
is  not  now  strictly  applied  anywhere — ^for  have  not  iron  works  been  con- 
structed at  Duluth  to  utilize  empty  Lake  ore  boats  as  fuel-carriers,  and, 
further,  has  not  the  Gary  plant  been  constructed  between  the  ore  and  fuel, 
and  following  the  industrial  centers  moving  west? 

Contemporaneously  with  the  initiation  of  the  export  of  iron  ore  from 
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Brazil,  a  commencement  shq^ld  be  made  with  steel  manufacture  in  the 
country.  It  would  be  easy  to  introduce  the  fuel  necessary  as  return 
freight  in  iron-ore  boats.  (The  success  of  steel  works  in'  Japan,  Canada, 
British  India  and  Australia  will  act  as  an  incentive  to  Brazilians  insist- 
ing that  some  steel  should  be  manufactured  in  the  country  when  the 
iron  ore  exports  commence.) 


Principles  of  Natural  Gas  Leasehold  Valuation 

Discussion  of  the  paper  of  Samuel  S.  Wtbr,  presented  at  the  Arizona  Meeting 
September,  1916,  and  printed  in  BuUeUn  No.  112,  April,  1916,  pp.  147  to  160. 

F.  G.  Clapp,  New  York,  N.  Y.  (commxmication  to  the  Secretary*). — 
I  assume  that  where  this  valuable  paper  states,  near  its  end,  that  "it 
is  not  possible  to  establish  a  market  price,"  the  author  means  that  no 
particular  price  which  will  fit  all  conditions  and  fields  can  be  given,  I 
am  not  in  agreement  with  Mr.  Wyer,  however,  that  the  actual  value  of 
natiu^al  gas  leaseholds  is  ''largely  a  matter  of  opinion."  I  would  even 
be  willing  to  express  myself  very  strongly  as  believing  that  if  we,  as  ex- 
perts, cannot  give  anything  closer  than  a  mere  opinion,  our  testimony  or 
reports  are  not  of  great  value  to  our  clients.  I  believe,  moreover,  that 
by  detailed  geological  examinations  and  with  our  latest  knowledge  of 
geological  structure,  principles  of  natural  gas  occurrence,  etc.,  we  can 
approach  just  as  near  a  certainty  in  natural  gas  valuations  as  we  can  in 
oil  valuations,  and  much  more  so  than  in  the  valuation  of  many  metal 
prospects,  in  which  only  the  upper  few  feet  of  the  vein  has  been  opened. 
In  other  words,  we  are  getting  nearer  and  nearer  every  year  to  bringing 
geology  as  applied  to  oil  and  gas  development  into  the  class  of  an  exact 
science. 

Mr.  Wyer's  paper  gives  an  excellent  outline  for  methods  of  leasehold 
valuation.  Being  presumably  intended  as  an  outline  only,  it  can  be 
expanded  indefinitely  by  a  detailed  discussion  of  the  methods  of  valuation 
for  the  four  different  classes  of  leaseholds  which  he  mentions:  (A)  "Pro- 
ducing;" (B)  "Protective;"  (C)  "Reserve;"  and  (D)  "Prospective." 
This  classification  is  probably  as  good  as  can  be  made  in  practice. 

In  the  producing  leaseholds  in  particular  it  is  easy  to  establish  a 
market  price  at  which  these  leaseholds  shoiild  be  bought  or  sold.  The 
question  would  arise  in  any  case  whether  or  not  the  leases  are  connected 
with  a  pipe  line  or  the  distance  from  the  pipe  line.  Assuming  that  a 
pipe  line  already  taps  the  property  and  that  gas  is  already  being  sold  for 
a  certain  figure,  this  price  must  be  multiplied  by  the  number  of  thousand 
cubic  feet  still  "in  sight"  in  the  ground,  from  which  is  to  be  deducted 
(a)  bonuses,  (6)  rentals,  (c)  royalties,  (d)  cost  of  drilling,  (e)  taxes  and 

♦  Received  Sept.  18,  1916. 
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insurance,  (J)  overhead  charges,  etc.,  taking  into  account,  of  course,  the 
number  of  years  during  which  the  property  has  produced  and  will  prob- 
ably produce,  and  pajring  particular  attention  to  the  decline  curve  for 
the  particular  wells  and  the  property  as  a  whole.  It  is  also  quite  neces- 
sary to  consider,  in  producing  properties,  whether  these  have  been  thor- 
oughly drilled,  or  whether  there  is  room  for  additional  wells.  The  dis- 
tance apart  of  the  wells  and  the  question  of  whether  or  not  they  have 
tapped  the  deepest  known  sands  is  important;  also  the  pressure  of  the 
gas,  its  rate  of  decline,  and  whether  or  not  it  must  be  pumped.  All 
these  and  many  more  questions  must  be  considered  in  valuing  a  lease; 
and  when  these  facts  are  known,  it  is  not  a  diflScult  matter  for  a  natural 
gas  geological  engineer  to  place  a  definite  figure  on  the  property. 

The  real  "protective  leases"  might  be  grouped  with  the  "reserve 
leases,"  since  if  they  contain  natural  gas  they  constitute  part  of  the 
reserve  supply;  but  if  they  do  not  contain  gas,  they  are  not  necessary 
as  a  protection,  and  are  a  liability  rather  than  an  asset.  Consequently, 
for  practical  purposes  of  valuation,  they  would  probably  be  considered 
on  nearly  equal  terms  with  the  reserve  leases.  The  value  of  these  two 
groups  of  leases  is  to  be  figured  on  the  basis  of  the  number  of  successful 
wells  which  can  be  assumed  for  them;  determined, ^rs<,  from  the  positions 
of  the  reserve  leases  relative  to  the  producing  property,  and  secondly ^ 
on  the  basis  of  the  continuity  of  the  geological  structiu^e  which  has  caused 
the  accumulation  of  the  gas. 

Another  factor  which  must  be  taken  into  account  in  valuing  the  pro- 
tective and  reserve  leases  is  the  degree  of  competition  in  drilling,  which, 
if  keen,  will  cause  a  serious  decline  of  the  pressure  and  volume  of  the  gas. 
This  is  particularly  true  in  such  fields  as  the  Hogshooter  field  in  Okla- 
homa, the  Mexia  field  in  Texas,  and  certain  other  Oklahoma  fields  where 
a  number  of  different  gas  companies  were  in  the  field,  all  of  which  picked 
up  leases,  many  of  them  of  small  size,  drilling  them  rapidly  and  sometimes 
inefiiciently,  exhausting  the  gas  as  fast  as  possible,  causing  a  decline  in 
pressure,  with  resulting  influx  of  salt  water  into  the  sand  along  the  lower 
level  of  the  gas,  and  finally  flooding  out  the  entire  field.  These  fields 
could  have  been  operated  for  years,  and  their  value  would  have  been 
great,  if  possible  to  do  so  without  competition;  but  conditions  were  such 
that  an  engineer  on  the  spot  could  say  definitely  that  none  of  the  proper- 
ties were  of  any  great  value,  but  that,  on  the  other  hand,  they  constituted 
a  losing  proposition.  Such  a  field,  however,  if  considered  as  a  whole, 
would  have  had  great  value,  since  all  natural  gas  engineers  and  geologists 
will  unite  in  the  conviction  that  monopoly  is  the  proper  thing  in  the 
natural  gas  business,  and  only  by  monopoly  can  large  properties  or  fields 
be  operated  with  financial  success  and  economically  for  the  community. 

We  therefore  see,  in  producing^  protective  and  reserve  leases,  that  it 
is  possible  for  an  engineer  to  calculate  very  definitely  the  proper  value 
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which  should  be  placed  upon  them  in  order  to  render  their  purchase  or 
sale  profitable.  In  the  case  of  the  leases  which  Mr.  Wyer  classes  as 
prospective  leaseholds,  the  difficulty  is  a  lit£le  greater,  perhaps,  since 
these  properties  are  frequently  situated  many  miles  from  known  gas 
production;  and  to  a  person  imfamiliar  with  natural  gas  geology,  there 
might  be  no  basis  on  which  to  judge  their  prospective  success  and  con- 
sequent value.  This  is  where  the  geological  engineer  comes  in,  and  no 
doubt  exists  that  our  science  has  now  reached  the  standpoint  where  we 
can  predict  the  chances  in  such  territory  with  a  reasonable  d^ree  of 
success.  We  cannot,  of  course,  say  in  any  particular  field,  as  yet  untested, 
whether  it  will  certainly  contain  gas;  because  sands  may  be  absent, 
even  though  the  correct  geological  structure  be  present;  but  we  can  say, 
having  a  group  of  fields  or  leases,  about  what  proportion  of  these  will  be 
successful  and  what  value  should  be  placed  upon  them;  this  being  fuUy 
as  definite  and  safe  a  proposition  as  to  place  a  value  on  a  particular  secu- 
rity of  an  industrial  corporation  before  the  latter  has  started  its  machin- 
ery. The  values  in  such  cases  are  based  on  the  actual  net  profits  "in 
sight, "  with  the  addition  of  a  certain  percentage  for  prospective  future 
business.  This  additional  percentage  is  an  instance  parallel  to  the  pro- 
spective outlying  territory  as  yet  undeveloped  by  a  natural  gas  company. 

We  see,  therefore,  that  natural  gas  valuation,  if  not  already  an  exact 
science,  is  approaching  this  limit,  and  that  there  is  no  difficulty,  at  least 
in  the  case  of  a  particular  property  or  company,  in  fixing  a  valuation, 
if  the  properties  be  studied  in  the  necessary  detail.  The  sellers  or  pur- 
chasers may  not  always  agree  on  this  valuation,  any  more  than  they  will 
in  a  gold  mine,  war  stock  or  any  other  commercial  proposition;  but, 
nevertheless,  it  is  possible  for  each  side  to  fix  the  figure  which  the  property 
is  worth  for  the  purpose  desired. 

One  of  the  most  important  questions  in  valuing  a  natural  gas  compan^^ 
and  one  to  which  very  little  attention  has  been  paid,  is  that  of  salt  water 
in  the  sands.  This  is  sometimes  a  serious  matter,  especially  in  fields 
where  drilling  has  been  close  and  where  the  sands  are  rapidly  depleted 
owing  to  the  heavy  draught  of  gas.  A  field  where  the  sand  is  saturated 
with  water  below  the  natural  gas  level  is  quite  a  different  propositioD 
commercially,  and  one  not  nearly  so  attractive,  as  is  a  field  where  the 
sands  are  dry.  In  this  respect,  the  natural  gas  business  differs  from  the 
oil  business. 
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Tungsten-Molybdenum  Equilibrium  Diagram  and  System 
of  Crystallization 

Discussion  of  the  paper  of  Zat  Jeffbibs,  presented  at  the  Arizona  Meeting,  Sep- 
tember, 1016,  and  printed  in  BuUeiin  No.  115,  July,  1916,  pp.  1225  to  1236. 

A.  G.  Worthing,  Nela  Park,  Cleveland,  Ohio  (communication  to  the 
Secretary*). — The  paper  by  Mr.  Jeflfries  is  very  interesting.  He  is  to 
be  commended  for  his  pioneer  work  in  the  study  of  equilibrium  systems 
at  the  very  high  temperatures  which  one  obtains  with  tungsten  and 
molybdenum. 

There  is  one  statement,  however,  to  which  I  must  take  exception. 
On  page  1227,  a  statement  is  made  which  would  seem  to  indicate  that 
the  Nela  Research  Laboratory  joined  Dr.  Langmuir  in  the  recommenda- 
tion of  3,300''C.  as  the  most  probable  melting  point  of  timgsten.  This  is 
not  the  case.  In  the  paper  referred  to  by  Mr.  Jeffries,  I  have  given 
3,630°K.  or  3,357**C.  as  the  melting-point  temperature  for  tungsten. 
Confirming  observations  by  other  workers  in  our  laboratory  justify  the 
belief  that  this  latter  value  is  correct  to  within  a  small  part  of  the 
discrepancy  between  the  two  values  quoted. 

Mr.  Jeffries  recognizes  the  possible  introduction  of  errors  in  his  cali- 
bration diagram  in  which  he  has  plotted  temperature  as  a  function  of 
the  per  cent,  of  tungsten  fusion  wattage.  A  different  method  of  pro- 
cedure which  has  merit  would  be  the  actual  determining  of  points  for  the 
curve  between  the  melting  points  of  molybdenum  and  timgsten  with  the 
aid  of  a  timgsten  wire  operated  at  intervening  temperatures.  It  is  per- 
fectly possible  by  means  of  optical  pyrometry,  when  once  a  temperature 
calibration  has  been  established,  to  determine  within  a  few  degrees  at 
what  temperature  such  a  wire  is  being  operated.  There  are  two  or  three 
such  calibrations  to  select  from.  Of  these  the  writer  has  considerable 
confidence  in  his  own  which  is  reported  in  abstract  in  the  paper  already 
referred  to.  Whichever  one  Mr.  Jeffries  might  select,  the  procedure 
would  seem  to  be  better  than  that  actually  used.  It  would  be  interesting 
to  note  in  this  connection  whether  or  not,  with  the  use  of  such  a  cali- 
bration, the  melting-point  determination  for  molybdenum  would  con- 
sistently fall  on  the  curve  obtained  with  the  tungsten  wire. 

In  spite  of  our  criticism  and  suggestion,  we  wish  to  express  our  high 
appreciation  of  this  work. 


♦  Received  Sept.  14,  1916. 
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An  EzplaaAtion  of  fhe  Flotation  Process 

Discussion  of  the  paper  of  A.  F.  Taggabt  and  F.  E.  Bbach,  presented  at  the  Aiuona 
Meeting,  September,  1916,  and  printed  in  BuUeUn  No.  116,  August,  1916,  pp. 
1373  to  1386. 

OuvEB  C.  Ralston,  Salt  Lake^  City,  Utah  (communication  to  the 
Secretary*). — ^This  paper  has  appealed  to  me  as  being  one  of  the  most 
lucid,  well-connected  and  complete  papers  on  this  subject  which  has 
been  published.  To  be  sure,  the  concepts  called  upon  in  an  explanation 
of  the  flotation  process  by  these  authors  are  mostly  old  ones  which  have 
been  more  or  less  discussed  in  previous  Uterature,  but  they  have  nev^- 
theless  been  assembled  in  a  most  constructive  and  suggestive  maimer. 
We  find  a  new  contribution  to  flotation  theory  in  the  effect  of  fine  particle 
increasing  the  viscosity  of  the  interfacial  film  between  a  liquid  and  a 
gas.  This  phenomenon  has  been  variously  hinted  at  but  never  definitely 
stated  in  accepted  scientific  terms. 

The  discussion  of  "contact  angles"  is  very  clear  and  will  doubtless 
be  welcomed  by  those  who  have  not  had  the  opportunity  to  investigate 
the  Uterature  on  this  subject,  but  it  is  unfortunate  that  the  "hysteresis 
of  the  contact  angle,"  observed  by  Sulman  and  reported  some  years  ago, 
is  not  mentioned  or  explained. 

A  few  other  points  need  discussion  in  order  to  call  attention  to  the 
fact  that,  while  this  paper  is  the  best  discussion  of  the  subject  which 
has  yet  appeared,  all  of  the  truth  has  not  yet  been  told. 

.On  page  1385,  in  discussing  the  reasons  why  heating  a  pulp  often 
allows  the  recovery  of  a  higher-grade  froth  concentrate,  four  different 
factors  are  mentioned.  One  of  these  factors  deemed  probable  by  the 
authors  is  that  there  is  an  "increased  number  of  air  bubbles  formed  by 
the  air  released  from  solution."  While  it  is  commonly  known  that 
heating  a  solution  expels  the  dissolved  air  or  other  gases,  to  one  who  has 
seen  the  great  volumes  of  air  that  enter  the  pulp  in  a  flotation  machine 
it  is  hard  to  believe  that  the  pitifully  small  number  of  additional  air 
bubbles  released  by  heating  the  solution  can  have  such  a  good  effect. 
I  woiild  call  attention  to  the  following  more  probable  explanation  of 
this  fact:  the  viscosity  of  water  at  80®C.  is  less  than  one-fifth  of  the 
viscosity  at  0°C.  In  other  words,  on  heating  an  ore  pulp  the  fluidity 
of  the  water  in  the  pulp  is  very  greatly  increased  and  much  le^  water 
containing  entrained  gangue  will  be  carried  along  with  the  froth  during 
flotation.  In  other  words,  a  cleaner  concentrate  is  obtained.  The 
surface  tension  and  other  physical  properties  of  water  are  not  altered  in 
anywhere  near  the  same  degree  by  change  of  temperature,  and  I  would 

*  Received  September,  1916. 
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suggest  that  the  viscoscity  effect  is  probably  responsible  for  the  major 
portion  of  the  improvement. 

I  notice  that  in  their  discussion  of  the  Potter-Delprat  process  the 
authors  claim  to  have  observed  microscopically  the  condition  of  the  solid 
particles  in  the  froth,  and  find  them  completely  ''within  the  films  and 
at  no  point  in  contact  with  gas.''  The  manager  of  one  of  the  large  Aus- 
tralian companies  using  flotation  told  me  that  two  physical  chemists  in 
his  employ  consumed  about  6  months'  time  in  an  attempt  to  definitely 
find  out  whether  the  mineral  particles  were  completely  submerged  in 
the  film  or  whether  they  were  at  some  point  in  contact  with  gas.  In 
view  of  their  failure  to  reach  a  decision,  I  am  inclined  to  ask  the  present 
authors  if  they  are  certain  of  this  observation. 

Further,  we  notice  that  electrical  forces  are  not  called  into  question 
in  this  discussion  of  flotation,  although  the  authors  acknowledge  that  the 
potential  surface  energy  in  the  contact  siurfaces  between  dissimilar  sub- 
stances might  well  include  electrical  forces  which  might  be  called  on  in 
explanation  of  certain  aspects  of  flotation.  However,  they  feel  that 
''  Once  in  contact  the  preferential  adhesion  ...  to  a  sulphide  surface  in 
the  presence  of  water  is  sufficient  to  account  for  the  persistent  attach- 
ment of  the  sulphides  to  the  bubble  films."  I  feel  that  they  are  justified 
in  this  opinion,  but  having  seen  particles  migrate  imder  the  microscope 
when  in  an  electrical  field,  and  knowing  that  the  various  kinds  of  particles 
and  bubbles  carry  electrical  charges,  may  I  not  suggest  that  the  electrical 
charges  assist  the  various  finely  divided  phases  to  get  in  contact?  The 
authors  consider  that  mechanical  agitation,  etc.,  is  sufficient  to  get  the 
various  phases  into  contact,  but  the  acceptance  of  these  electrical  phe- 
nomena in  no  way  damages  the  theory  which  they  have  presented  and 
merely  adds  another  contributing  factor  to  the  theory. 

Finally,  the  authors  state  that  they  have  not  appealed  to  colloidal 
phenomena  in  this  discussion.  This  statement,  in  the  face  of  the  fact 
that  the  largest  single  section  of  the  paper  is  headed  ''adsorption,"  and 
that  most  of  the  forces  called  upon  are  those  of  ''capillarity,^^  is  hard  to 
understand.  While  I  agree  with  the  authors  almost  entirely,  in  so 
far  as  they  go,  I  find  that  their  paper  is  filled  with  something  very  closely 
akin  to  colloid  chemistry.  The  study  of  capillary  forces  comes  under 
the  head  of  physics  and  the  study  of  the  effect  of  chemicals  on  these 
capillary  forces  comes  under  chemical  physics  or  physical  chemistry. 
Now  the  physical  chemistry  dealing  with  capillary  phenomena  is  known 
as  colloid  chemistry,  and  Freundlich  even  went  so  far  as  to  entitle  his 
text  on  colloids,  Kapillar  Chemie.  So  it  can  be  seen  that  while  I  am 
delighted  with  the  work  these  authors  have  done  in  formulating  their 
theory,  I  am  disappointed  in  the  way  they  have  attempted  to  name  it. 
I  would  say  that  it  can  be  accepted  as  part  of  a  colloidal  theory  of  flotation. 
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The  Flotation  of  Minerals 

Discuasion  of  the  paper  of  Robsbt  J.  Andsbson,  presented  at  the  Amona  Meeting, 
September,  1916,  and  printed  in  BtJletin  No.  115,  July,  1916,  pp.  1119  to  1136. 

Oliver  C.  Ralston,  Salt  Lake  City,  Utah  (communication  to  the 
Secretary*). — ^The  literature  on  the  theory  of  flotation  has  been  eniiched. 
of  late,  by  the  views  of  a  number  of  excellent  mining  engineers  who  un- 
fortunately were  tyros  in  ph3rsical  chemistry  and  physics.  Hence  the 
obscurity  and  mystery  with  which  the  process  is  supposed  to  be 
surrounded. 

The  present  paper  goes  far  toward  explaining  some  of  the  ideas  which 
have  seemed  obscure  or  which  have  been  poorly  expoimded  by  the  men 
who  advanced  them,  but  there  are  a  number  of  places  where  the  author*s 
explanations  are  unsatisfactory,  or  where  he  has  fallen  into  the  same 
mistakes  made  by  the  original  propoimders  of  the  theories  involved. 

While  recognizing  the  value  of  constructive  compilation,  it  is  never- 
theless disappointing  to  find  a  paper  reviewing  the  recent  theories  of 
flotation  which  presents  nothing  new — ^not  even  a  new  viewi)oint. 

At  the  bottom  of  page  1121,  there  are  stated  to  be  present  the  fol- 
lowing "phases"  in  flotation:  "solid-liquid  (ore-water),  solid-liquid 
(ore-oil),  solid-gas  (ore-air),"  etc.  The  writer  could  not  possibly  have 
meant  to  apply  the  word  "phases"  to  the  ideas  involved.  Each  of  the 
pairs  of  phases  mentioned  has  an  interface  in  which  exists  the  interfacial 
tension  that  he  is  talking  about. 

On  page  1127,  in  discussing  electrified  bubbles,  it  is  stated  that  ''the 
bubbles  in  flotation  are  simply  air  spaces  contained  by  a  mantle  of  oil  or 
of  water  and  there  is,  therefore,  nothing  within  to  bear  the  charge.     In 
case  it  would  carry  a  charge,  which  would  only  be  possible  by  the  pres- 
ence of  contained  ionized  gases  or  water  vapor,  the  charge  would  be  speedily 
dissipated  by  contact  with  the  interfacial  boundary.    Then  in  order  for  a 
bubble  to  carry  a  charge  it  must  be  protected  by  a  dielectric  film."    It  can 
be  seen  from  this  series  of  arguments  that  the  author  has  fallen  into  the  same 
error  that  has  confronted  a  number  of  exponents  of  an  "electrostatic  the- 
ory" of  flotation.    The  theory  of  Bains,  ^  which  ia  objected  to  by  Fahren- 
wald,^  holds  that  the  friction  of  the  liquid  and  soUd  and  gaseous  masses  on 
each  other  generates  static  electric  charges  and  that  thefimction  of  the  o3s 
used  in  flotation  is  to  insulate  these  charged  particles.    Fahrenwald  V 
objections  to  this  theory  are  sound.     However,  all  these  writers  have 
failed  to  consider  the  mechanism  of  attachment  of  electric  charges  to 

*  Received  September,  1916. 

»T.  M.  Bains,  Jr.:  Electrical  Theory  of  Flotation,  Mining  <md  Scientific  Pr««, 
vol.  Ill,  pp.  824  and  883  (Nov.-Dec.,  1915). 

*F.  A.  Fahrenwald:  Electro-statics  of  Flotation,  Op.  cif.,  vol.  112,  p.  375  (March. 
1916). 
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colloidal  particles.  They  apparently  have  not  understood  how  suspended 
particles,  including  air  bubbles,  can  carry  electric  charges  when  suspended 
in  a  conductive  solution.  I  have  already  called  attention  to  the  fact' 
that  the  film  of  liquid  in  contact  with  some  other  phase  (gas,  liquid  or 
solid)  has  different  properties  from  those  of  bylk  water  (or  liquid). 
Mr.  Anderson  has  been  kind  enough  to  quote  some  of  the  properties  of 
this  film,  such  as  its  thickness,  density  and  tension,  but  has  failed  to 
remember  that  I  also  gave  the  difference  in  potential  between  its  outer 
face  and  the  bulk  liquid,  even  when  that  liquid  is  highly  conductive. 
Powis*  has  very  recently  expanded  on  the  conception  of  charged  colloidal 
particles  and  the  theories  of  colloid  chemists  as  to  how  such  particles  can 
hold  electrical  charges.  Briefly,  the  charges  are  due  to  absorbed  ions 
in  the  interfacial  film.  Any  electrolyte  in  the  solution  is  more  or  less 
ionized,  and  in  case  one  of  the  ions  is  absorbed  in  the  film  more  than  the 
other,  an  apparent  electrostatic  charge  is  the  result.  In  fact,  the  electric 
charge  could  not  exist  if  the  solution  in  question  were  not  ionized,  and 
hence  conductive.  It  is  a  strange  fact  that  the  conductivity  of  the 
solution  places  serious  obstacles  in  the  way  of  the  theory  of  Bains  while 
conductivity  (or  ionization)  is  necessary  to  explain  electric  charges  on 
the  particles  as  viewed  from  the  colloid-chemical  or  "capillary-chemical" 
standpoint. 

On  account  of  such  serious  misunderstandings  as  those  above  men- 
tioned, it  would  seem  that  there  is  still  room  for  the  writing  of  a  rigid 
critique  on  the  theory  of  flotation. 

As  Mr.  Anderson  says,  "in  the  line  of  development  of  flotation  theory 
there  has  been  steady  progession  of  thought  and  a  remarkable  increase 
of  knowledge  in  the  past  few  years."  That  is  just  the  trouble — the 
progression  has  been  mainly  in  thought  and  too  little  in  laboratory  in- 
vestigation. Too  many  have  been  willing  to  contribute  thoiights  to  the 
technical  press  and  too  few  have  busied  themselves  with  experimental 
measurements  to  prove  the  theories  proposed. 

» O.  C.  Ralston :  Why  Do  Minerals  Float?    Op.  cU,,  vol.  Ill,  p.  623  (October,  1915). 
*F.  Powis:  Transference  of  Electricity  by  Colloidal  Particles,     Transactions  of 
the  Faraday  Society^  vol.  11,  p.  160  (April,  1916). 


Digitized  by 


Google 


Digitized  by 


Google 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  bbvision} 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  prwented  in  penon  at  the 
New  York  meetiiic,  February,  1917,  when  ap  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  diaeuasion  in  writinj:  mav  be  sent  to  the  Editor.  American  Institute  of  Mining  Engineers.  29 
West  a9th  Street,  New  York,  N.  Y..  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  tlie  discussion  of  this  paper  will  dose  Apr.  1, 1917.  Any 
discussion  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Erosion  of  Guns — ^The  Hardening  of  the  Surface 

BT  HENRT  FAT,*   PH.   D.,    D.    SC,    CAMBRIDGE,   MASS. 
(New  York  Meeting,  February.  1917) 

The  erosion  of  guns  is  a  complex  problem  which  can  be  solved  only 
by  a  detailed  study  of  all  the  factors  involved.  In  the  present  paper  it 
is  proposed  to  submit  the  results  of  observations  and  experiments  which 
have  extended  over  several  years.  Certain  facts  have  been  established 
and  preliminary  reports  have  been  published.^  Conclusions  have  been 
reached  since  then  which,  it  is  beUeved,  are  worth  presenting  for  the  pur- 
pose of  promoting  discussion,  and  with  the  hope  that  ultimately  the 
whole  truth  will  be  known.  The  particular  phase  of  the  problem  which 
will  be  presented  here  is  the  hardening  of  the  inner  surface  of  the  gun 
tube. 

It  has  been  known  for  a  long  time  that  after  firing  a  large  caliber  gun 
for  some  time,  the  surface  of  the  metal  becomes  hard  and  brittle,  cracks, 
and  wears  away.^  The  character  of  this  phenomenon  may  be  learned 
by  an  examination  of  some  results  which  are  typical,  obtained  from  a 
detailed  study  of  a  12-in.  gun.  The  gun  was  trepanned  and  rings  rep- 
resenting various  sections  of  the  gun  were  cut  out  for  examination.  The 
first  ring  represented  the  metal  at  the  muzzle  end,  and  the  other  rings 
were  removed  at  approximately  120,  240,  325  and  337  in.,  respectively, 
toward  the  breech  end.  The  appearance  of  the  surface  of  the  metal  in 
the  different  sections  is  shown  in  Fig.  1.  The  greatest  amount  of  wear 
and  maximum  amount  of  hard  surface  layer  Was  f oimd  in  section  marked 
E,  which  is  nearest  the  powder  chamber  and  at  the  beginning  of  the 
rifling;  the  maximum  amount  of  cracking  in  D\  the  maximum  amoimt  of 
copper  deposition  in  C  Section  B  showed  heat  cracks  on  both  lands 
and  grooves,  and  section  A  showed  heat  cracks  on  the  driving  edge  of  the 
lands  only.  There  was  much  flow  of  metal  in  both  sections  E  and  2>, 
and  there  was  progressively  less  effect  noticeable  toward  the  inuzzle  end. 
The  polished  cross-section  of  these  same  pieces  is  shown  in  Fig.  2.    The 

*  Professor  of  Analytical  Chemistry,  Massachusetts  Institute  of  Technology. 

^  Tests  of  Metals,  Watertown  Arsenal,  1913  and  1914. 

'  This  action  is  not  confined  to  large  caliber  guns  exclusively  but  will  occur  also 
in  smaller  guns,  although,  as  will  be  shown,  the  action  is  much  accelerated  with  the 
increase  in  the  weight  of  the  projectile. 

Digitized  by  VjOOQIC 


2238 


EBOSIOK  OF  OX7NB — THE  HABDIINIKO  OF  THB  SURFACE 


extent  of  the  erosion  is  greatest  nearest  the  powder  chamber,  and 
diminishes  toward  the  muzzle  end. 

The  depth  of  heat  crack  varies  irregularly  in  each  section,  and  some- 
what regularly  in  sections  proceeding  from  Ato  E,  increasing  in  depth  to- 
ward the  powder  chamber.  The  number  of  cracks  does  not,  however, 
vary  in  the  same  way.  In  section  E,  where  the  greatest  erosion  has 
taken  place,  the  smallest  number  of  cracks  appear. 


Fig.  1. 

The  greatest  depth  of  crack  is  found  in  section  D,  with  an  average 
depth  of  0.038  in.  The  width  of  crack  in  this  section  varies  between 
0.001  and  0.015  in.  In  section  E  the  depth  varies  between  0.024  and 
0.039  in.  In  section  C  the  average  depth  of  crack  is  only  a  trifle  less  than 
in  D,  but  the  width  is  not  nearly  so  great.  The  cracks  diminish  progress- 
ively in  depth  and  width  in  sections  B  and  A,  the  latter  section  showing 
practically  no  cracks  on  the  face  normal  to  the  axis  of  the  gun.    On  a 
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face  parallel  to  the  axis  of  the  gun  and  cut  along  the  driving  edge,  sec- 
tion A  shows  some  clean,  sharp  cracks  about  0.01  in.  in  depth. 

Sections  B,  C,  D  and  E  show  a  hard  layer  of  metal  on  the  face  cut 
normal  to  the  axis.  All  five  sections  show  the  hard  layer  on  the  face  cut 
parallel  to  and  along  the  driving  edge.  The  depth  of  the  layer  of  hard 
metal  on  the  face  normal  to  the  axis  varies  as  follows:  A,  0.0000  in.; 
B,  0.0004  in.;  C,  0.0008  in.;  Z),  0.0013  in.;  E,  0.0015  in. 

The  cracks  are  undoubtedly  due  to  the  imequal  expansion  and  con- 
traction between  the  hard  and  soft  layers.    When  subjected  to  strain 


Fig.  2. 

the  hard,  brittle  surface  develops  cracks,  and  the  cracks  penetrate  into 
the  soft  metal.  The  section  showing  the  greatest  thickness  of  hard  layer 
ought  to  show  the  greatest  depth  of  crack,  but  other  influences  counteract 
this  effect. 

The  microscopic  appearance  of  a  surface  showing  cracks  is  shown  in 
Fig.  3,  and  in  Fig.  4,  the  latter  a  characteristic  structure  always  found 
at  the  junction  of  a  land  and  groove.  The  interpretation  of  these  photo- 
graphs will  be  considered  in  detail  after  discussing  the  cause  of  the 
formation  of  the  hard  layer.  In  addition  to  the  hardening  which  takes 
place  in  the  gim  tube  proper,  hardening  and  cracking  of  the  surface  takes 
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place  on  the  pressure  plugs  which  are  inserted  in  guns  for  the  purpose  of 
measuring  maximiun  powder  pressures.  The  pressure  plug  shows  hard- 
ness around  the  edge  of  the  central  hole,  around  the  edge  of  the  plug 
itself,  and  shows  the  effect  of  hardening  in  the  form  of  cracks  all  over  the 
surface,  but  particularly  in  the  vicinity  of  letters  which  have  been  stamped 
on  the  surface.  Any  theory  which  may  be  offered  to  explain  the  harden- 
ing of  the  gun  tube  proper  must  also  explain  the  hardening  and  cracking 
of  the  pressure  plug. 

While  these  results  are  in  general  typical  of  what  takes  place,  there 
are  variations  in  individual  cases.  For  instance,  the  metal  on  the  driv- 
ing edge  may  not  have  been  affected  as  it  was  in  the  12-in.  gun  referred 
to,  but  it  is  merely  a  matter  of  time  until  the  conditions  as  described  are 
obtained.  The  action  is  a  progressive  one  and  is  dependent  upon  the 
number  of  times  the  gun  is  fired. 

The  Cause  of  Hardening 

Hardening  may  be  produced  by  three  well-defined  methods:  (1) 
cementation;  (2)  heat  treatment;  (3)  mechanical  deformation  or  cold 
work. 

Cementation. — The  principal  products  of  combustion  of  the  powder 
are  carbon  dioxide,  carbon  monoxide,  water,  and  nitrogen.  The  equili- 
brium phenomena  are  very  complex  and  will  vary  with  the  composition 
of  the  powder,  the  temperature  and  pressure.  It  is  conceivable,  however, 
that  large  amounts  of  carbon  monoxide  may  be  formed,  and  under  the 
conditions  of  high  temperature  and  pressure  cementation  could  take 
place.  Giolitti'  has  shown  carbon  monoxide  to  be  an  ideal  carburizing 
compound,  and  on  repeated  firings  small  increases  of  carbon  to  the  siu*- 
face  might  take  place.  This  would  produce  a  hard,  brittle  layer  on  the 
surface  richer  in  carbon  than  the  original  metal. 

Heat  Treatment. — ^When  a  piece  of  steel  is  heated  above  its  critical 
temperature,  Aciy  and  then  suddenly  quenched,  it  is  hardened,  the  depth 
of  hardening  being  dependent  upon  the  temperature  of  heating  and  the 
rate  of  cooling.  The  temperature  of  combustion  of  the  powder  is  suffi- 
ciently high  to  heat  a  skin  of  the  metal  above  the  Aci  point,  and  hardness 
would  result  if  the  surface  were  cooled  with  sufficient  rapidity.  The 
relatively  low  temperature  of  the  large  mass  of  steel  would  produce  a 
rapid  loss  of  heat. 

Mechanical  Deformation  or  Cold  Work. — It  is  a  well-known  fact  that 
when  any  ductile  metal  is  subjected  to  mechanical  deformation  it  becomes 
hard  and  brittle,  and  if  the  work  is  carried  too  far,  cracking  wiU  result. 
Even  the  most  ductile  metals,  such  as  gold  and  platinum,  lose  their 
plasticity  and  become  hard  and  brittle  when  subjected  to  drawing,  ham- 
mering, etc.     In  wire  drawing  it  becomes  necessary  to  anneal  the  metal 
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frequently  in  order  to  restore  plasticity  and  prevent  it  from  cracking. 
This  phenomenon  is  common  to  both  ductile  and  brittle  metals. 

The  mechanism  of  this  action  has  been  studied  in  detail  by  Beilbjr* 
and  his  conclusions  have  been  confirmed  and  accepted  by  many  other 
investigators.  According  to  him,  a  surface  skin  may  be  built  up  by 
mechanical  movement  which  gives  immistakable  evidence  that  the  sur- 
face must  have  passed  through  a  state  in  which  it  possessed  the  perfect 
mobility  of  a  liquid.  This  surface  possesses  distinctive  properties  which 
differentiate  it  from  the  surface  beneath  it.  Hardening  thus  results 
from  the  formation  at  all  the  internal  surfaces  of  sUp  or  shear  of  mobQe 
layers  similar  to  those  produced  on  the  surface  by  mechanical  movement. 
These  layers  retain  their  mobility  for  a  brief  period  only,  and  then  solidify 
in  a  vitreous  amorphous  state  cementing  together  all  of  the  surfaces  of 
slip  or  shear  throughout  the  mass. 

Such  a  surface  produced  by  polishing,  burnishing,  drawing,  hammering, 
or  cold  work  of  any  kind,  possesses  the  property  of  hardness  and  brittle- 
ness.  Metal  in  this  condition  may  be  restored  to  its  natural  cr3rstalline, 
ductile  state  by  annealing. 

Having  considered  the  manner  in  which  hardness  may  be  produced, 
it  becomes  necessary  to  examine  the  different  methods  in  detail,  and  to 
see  by  which  method  the  facts  can  best  be  explained.  It  would  seem  at 
first  sight  to  be  rather  difficult  to  prove  whether  or  not  cementation  had 
taken  place,  as  the  maximum  thickness  of  layer  which  had  been  hard- 
ened amounted  to  only  0.0015  in.  It  was  obviously  impossible  to  cut 
off  this  layer  for  analysis,  not  only  on  accoimt  of  the  thinness,  but  also 
on  account  of  the  hardness. 

Microscopically  the  appearance  of  this  surface  suggested  cementite, 
as  it  remained  bright  after  etching,  as  shown  in  Figs.  3  and  4,  and,  fur- 
thermore, in  no  case  was  there  any  evidence,  even  imder  high  power,  of 
martensite,  which  would  also  remain  brighter  than  the  original  structure. 
Etching  with  boiling  sodium  picrate,  which  darkens  cementite,  gave 
negative  results.  The  hardness  of  the  layer  and  its  appearance  would 
indicate  free  cementite,  but  this  test  would,  therefore,  appear  to  be  con- 
clusive that  the  surface  cannot  contain  any  free  or  excess  cementite. 
The  test  was  carried  out  always  with  a  control  piece  which  contained 
about  1.25  per  cent,  of  carbon,  and  therefore  known  to  contain  free  ce- 
mentite. Under  all  conditions  the  control  gave  positive  results.  There 
is  some  doubt  as  to  whether  or  not  a  small  amount  of  cementation  takes 
place,  and  experiments  are  in  progress  which,  it  is  hoped,  will  prove  this 
point  definitely. 

While  it  seems  fairly  clear  that  the  hard  surface  layer  is  not  free 
cementite,  judging  from  the  sodium  picrate  test  as  evidence,  it  would 
have  been  difficult  on  this  basis  to  explain  the  fact  that  the  hard  layer 

*  Journal  of  the  Instittde  of  Metals,  vol.  6,  p.  5  (No.  2,  1911). 
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occurs  only  on  the  driving  edges  in  the  muzzle  end  of  the  gun.    Selective 
formation  would  not  seem  probable. 

That  hardness  might  be  produced  by  raising  the  temperature  above 
Ac\  and  suddenly  cooling  seems  entirely  possible,  and  most  of  the  facts 
can  be  explained  on  this  basis.  The  temperature  within  the  gun  at  the 
time  of  the  explosion  is  far  above  Aci^  in  fact  may  be  above  the  melting 
point  of  the  metal.  A  thin  skin  of  metal  is  heated  for  a  brief  period 
during  the  explosion,  and  before  the  heat  can  penetrate  any  distance,  it 
is  cooled  by  the  mass  of  metal  back  of  this  layer.  Such  a  hardening  ought 
to  produce  the  microscopic  constituent  martensite,  but  this  structure 
in  its  characteristic  needle-like  form  is  never  found,  although  troostite 
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Fig.  5.— X50. 

is  frequently  foimd.  Rosenhain^  and  Belaiew^  have  reported  marten- 
site  in  the  hardened  surface  of  the  rifling  of  a  gun,  but  so  far  in  the  ex- 
amination of  many  gun  fragments,  and  in  trepanned  guns,  the  character- 
istic martensitic  structure  has  been  missing.  In  some  experimental 
steels  which  had  been  subjected  to  erosion  tests  by  allowing  the  gas  of 
an  ignited  charge  of  powder  to  escape  through  a  tube  of  the  metal,  there 
was  foimd  not  only  well-characterized  martensite  but  also  troostite  adja- 
cent to  it.  The  essential  difference  in  this  case  is  that  there  was  no  pro- 
jectile to  produce  mechanical  deformation  on  the  surface. 

That  the  hard  surface  is  actually  composed  of  martensitic  material 
is  proved  by  the  fact  that  on  tempering  it  passes  over  to  characteristic 
troostite.     Samples  were  cut  out  of  the  ring  from  section  £,  and  heated 

■Roeenhain,  Belaiew:  International  Association  for  Testing  Materials,  New 
York,  1912,  Proceedings,  vol.  2,  section  A,  p.  127. 
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for  15  min.  to  300**,  400"*,  SOO"*,  600**  and  700**.  The  specimen  heated  to 
300**  showed  troostite  development  most  markedly  and  unmistakably,  as 
shown  in  Fig.  5.  The  400**  and  500**  samples  also  showed  troostite,  but 
less  well  defined,  the  transformation  having  progressed  further,  and  there 
was  almost  complete  reversion  in  the  specimens  heated  to  600**  and  W. 
This  experiment  seemed  to  prove  conclusively  that  the  hard  surface  was 
martensite,  but  threw  no  light  upon  the  fact  that  in  the  muzzle  end  of 
the  gun  the  surface  was  hardened  on  the  drwing  edge  only. 

It  was  thought  for  a  time  that  mechanical  deformation  or  cold  work 
produced  by  the  rotating  projectile  would  account  for  all  of  the  phenom- 


FiQ.  6.--X75. 


ena,  but  this  idea  was  negatived  by  (1)  the  martensite— >troostite  con- 
version; (2)  by  the  fact  that  the  powder  chamber  itself ,  untouched  by  the 
rotating  projectile,  showed  hardness;  (3)  and  by  the  fact  that  the  pressure 
plug  showed  hardness. 

That  mechanical  deformation  has  much  to  do  with  the  production 
of  hardness  is  shown  by  the  selective  hardening  on  the  driving  edge  of 
the  land  on  the  muzzle  section,  and  by  some  experiments  which  were 
conducted  on  pressure  plugs. 

Knowing  that  pressure  plugs  harden  in  the  same  way  as  the  surface  of 
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the  gun  tube  itself,  it  was  decided  to  experiment  with  pressure  plugs,  and 
to  follow  the  development  of  the  hard  surface  layer  in  its  various  phases. 
For  this  purpose,  a  plug  having  approximately  the  same  composition  as 
gun  steel  was  prepared  for  service.  The  metal  was  carefully  analyzed, 
it  was  heat  treated,  and  photographs  were  made  of  the  fine  sorbitic 
structm-e.  The  surface  as  a  whole  was  uniform.  The  prescribed  letter- 
ing was  stamped  on  the  surface.  It  was  then  placed  in  service,  and  after 
having  been  fired  until  it  showed  signs  of  heat  cracking,  was  returned  for 
microscopical  examination.     The  face  was  polished  and  etched,  and  the 


Fig.  7-— X  50. 


structure  seemed  to  be  normal,  but  it  was  seen  on  detailed  examination 
that  the  hard  surface  had  begun  to  appear  on  the  edge  of  the  center  hole 
and  on  some  of  the  letters.  Examination  showed  that  this  development 
had  taken  place  at  those  points  where  the  maximum  amount  of  cold  work 
had  been  applied  in  stamping  the  letters.  This  is  shown  in  Figs.  6,  7  and  8, 
representing  the  letters  A,  0,  and  a  period  respectively.  In  the  letter 
A  and  in  the  period  the  die  was  apparently  not  held  in  a  truly  vertical 
position  and  one  side  of  the  letter  was  cold^worked  more  than  the  other. 
Selective  conversion  of  soft  to  hard  metal  has  taken  place  at  these  points. 
This  is  shown  in  the  lighter  area  of  Fig.  6,  and  also  of  Figs.  7  and  8, 

15 
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the  light  area  in  each  case  being  the  hard  area*     Observations  of  a  aimilw 
rhararter  were  made  on  almoBt  every  letter  on  the  face  of  the  pressm 


Fiti.  9. — ^pREssuRK  Plug  Before  Having  Been  Placed  in  t^ti  \ 
Plug  Aftur  Having  Been  in  a  Gun  Which  Rkd  Bbbn  Firi 
The  surface  of  the  metal  (right)  has  been  worn  away  by  soii.^  ,  >...«.,....^— 
the  metal  and  by  the  poUshing  necessary  to  produce  the  structure, 

plug,  each  showing  partial  conversion  from  soft  to  hard  structxue  at  tte  j 
point  of  maximum  cold  work*  ^  , 
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This  evidence  seemed  to  favor  the  view  that  cold  work  was  an  im- 
portant factor  in  the  martensitization^  of  the  metal. 


Fig.  IO.^Lbttbr  V  Impressed  at  5000  Lb.     X  50. 


Fig.  11. — ^Letter  V  Impressed  at  2000  Lb.     X  50. 


*  The  process  of  producing  hardness  by  converting  the  free  iron  carbide  into  solid 
solution  of  iron  carbide  in  iron.  This  is  commonly  done  by  quenching  the  steel  from 
above  Aci, 
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In  order  to  test  this  view  systematically,  a  second  pressure  plug  was 
prepared  and  the  letters  V  and  O  were  stamped  on  the  face  of  the  plug 


Fig.  12.— Letter  V  Impressed  at  1500  Lb.     X  50. 


FiQ.  13.— Letter  V  Impressed  at  1000  Lb.     X  50. 

at  varying  pressures.    This  was  done  by  holding  the  stamping  die  in  one 
jaw  of  a  tensile  testing  machine  and  the  plug  in  the  other  jaw.    The 
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machine  was  now  put  into  compression  and  the  letters  stamped  at  vary- 
ing pressures,  from  500  to  2,000  lb.,  as  shown  in  Fig.  9.  By  mistake,  one 
of  the  letters  V  was  stamped  at  5,000  lb.  instead  of  2,000  as  originally 
intended. 

The  pressure  plug  was  then  put  in  service  and  the  gun  was  fired  100 
rounds,  when  the  plug  was  returned  for  examination.  The  original 
sorbitic  condition  of  the  metal  was  found  to  have  changed  to  the  troostitic 
condition  at  those  points  of  maximimi  cold  work  and  to  have  remained 
practically  unchanged  at  othei  points.  Thus  the  first  step  in  the  change: 
sorbite— >troostite—>martensite  had  been  accomplished.  Figs.  10,  11, 12 
and  13,  show  the  letter  V  at  5,000,  2,000, 1,500  and  1,000  lb.,  respectively. 


Fig.  14.— Letter  V  Same  as  Shown  in  Fig.  10,  but  after  Firing  200  Rounds. 

X60. 

In  Fig.  10,  the  troostitic  character  of  the  metal  is  clearly  shown  on  the 
edge  and  apex  of  the  letter  V.  The  letter  impressed  at  2,000  lb.  also 
shows  the  change,  but  not  advanced  so  far  as  in  the  letter  of  greater 
pressure.  At  1,500  lb.  the  change  has  begun  but  the  advance  has  not 
been  far,  and  at  1,000  lb.  pressure  the  change  is  not  noticeable. 

In  the  same  plug  similar  changes  were  noticed  on  the  edge  of  the 
central  hole,  on  the  outer  edge  of  the  plug,  and  on  two  periods  stamped 
at  an  angle  of  45^.  The  period  was  strongly  cold-worked  on  one  side  and 
the  change  was  well-marked.  ^         I 
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The  plug  was  again  placed  in  service  for  100  rounds  and  then  returned 
for  examination.  The  result  is  shown  in  Fig.  14,  which  is  the  letter  Y 
impressed  at  5,000  lb.  It  will  be  noticed  that  the  transformation  has 
proceeded  to  its  final  stage,  viz.,  the  light  etching  structure  which  had 
previously  been  shown  to  be  martensite.^ 

These  experiments  seem  to  prove  that  the  hardness  of  the  surface  of 
a  gun  tube  as  well  as  the  pressure  plug  is  due  to  a  combination  of  me- 
chanical deformation  and  a  process  of  martensitization.  This  process 
requires  time,  and  the  development  takes  place  in  stages.  Even  in  the 
early  stages  there  was  evidence  of  heat  cracking  before  the  change  of 
structure  had  taken  place.  When  the  structure  begins  to  change  it 
first  shows  as  troostite,  and  then  develops  into  martensite,  but  the  latter 
is  amorphous^  in  form.  Temperature  and  work  are  also  important  fac- 
tors. The  transformation  takes  place  with  the  greatest  rapidity  where 
the  work  has  been  most  severe. 

These  factors  counterbalance  each  other  in  the  gun  to  a  certain  extent. 
In  the  powder  chamber  there  is  the  maximmn  temperature,  but  the  mini- 
mimi  amount  of  work.  The  only  work  which  has  been  done  upon  the 
metal  here  is  the  original  machining  of  the  gun.  In  section  E  where  the 
rifling  begins,  the  maximum  amount  of  cold  work  is  done.  The  rotating 
band  is  undeformed  and  the  whole  surface  bears  on  the  rifling.  This  is 
also  true  of  section  Z>,  but  in  each  section  toward  the  muzzle  there  is  a 
decreasing  amount  of  work  due  to  the  grooving  of  the  rotating  band  until 
at  the  muzzle  end  the  driving  edge  alone  receives  work. 

The  reason  that  a  cold-worked  metal  is  more  susceptible  to  the 
sorbite-^troostite-^martensite  change  when  exposed  to  firing  is  not 
clear.  There  may,  however,  be  two  factors  at  work:  1.  Beilby  has 
shown  that  mechanical  deformation  of  any  kind  produces  an  amorphous 
state  in  the  metal,  and  it  is  entirely  possible  that  the  amorphous  metal 
may  be  more  sensitive  to  the  reaction,  i.e.,  it  may  have  greater  solvent 
power  for  iron  carbide.  He  has  shown,  and  many  others  have  confijmed 
the  observation,  that  such  metal  has  a  greater  solution  pressure  and  it  is 
possible  that  it  may  have  greater  dissolving  power  for  iron  carbide. 

2.  Spring  has  shown  that  certain  reactions,  which  ordinarily  take 
place  when  under  the  influence  of  heat,  can  be  made  to  take  place  at 
the  ordinary  temperature  when  imder  the  influence  of  pressure.  Thus 
he  caused  dry  sodium  carbonate  to  react  with  dry  barium  sulphate  with 
the  formation  of  sodium  sulphate  and  barium  carbonate.     He  also  caused 


7  There  seems  to  be  a  difference  in  the  degree  of  magnification  of  Figs.  10  and  14, 
but  this  IB  due  to  a  wearing  away  of  the  metal  by  volatilisation  and  polishing,  thus 
exposing  the  deeper  and  narrower  part  of  the  groove  of  the  letter. 

■  Capable  of  being  easily  converted  into  troostite,  but  showing  none  of  the  char- 
acteristic needle  structure. 
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powdered  zinc  to  alloy  with  finely  divided  copper  to  fonn  brass.  In 
each  case  precautions  were  taken  to  eliminate  any  heat  effects. 

In  a  gun  the  original  metal  is  sorbitic  and  the  iron  carbide  is  therefore 
mostly  in  the  free  form,  only  a  minimum  amount  being  held  in  solid 
solution.  When  subjected  to  the  pressure  of  cold  work,  or  the  pressure 
of  the  explosion  at  a  high  temperature,  solution  may  take  place,  each 
round  of  firing  adding  to  the  amount  which  goes  into  solution.  This 
would  lead  naturally  to  the  formation,  first,  of  troostite,  and  when  the 
solution  is  complete,  of  martensite.    These  steps  are  actually  observed. 

Either  hypothesis — solution  in  amorphous  metal,  or  solution  by 
pressure — ^may  explain  the  phenomena  observed,  but  the  latter  seems  the 
more  likely.  This  would  more  adequately  explain  the  fact  that  in  erosion 
tests  of  steels  of  various  coiinposition,  those  steels  high  in  nickel  or  man- 
ganese show  the  greatest  amount  of  martensite  formation.  In  these 
steels  the  Ari  point  is  lowered  slightly,  thus  increasing  the  tendency  for 
the  carbide  carbqn  to  be  held  in  solid  solution  form.  Thus,  in  one  case, 
a  3.50  per  cent,  nickel  steel  showed  a  martensite  surface  0.05  in.  in 
depth,  while  under  exactly  similar  conditions  a  plain  carbon  steel  showed 
only  0.004  in.  Nickel  and  manganese  lower  the  Aci  point,  and  hence 
make  it  easier  for  the  sorbite— >troo8tite—>martensite  transformation. 

Experiments  are  now  in  progress  with  alloy-steel  pressure  plugs  to 
see  whether  or  not  the  hard  surface  develops  more  rapidly  with  them  than 
with  plain  carbon  steels.  It  is  highly  probable  that  those  steels  having 
the  highest  Aci  point  will  show  hardening  the  least  rapidly.  A  con- 
venient means  of  testing  this  is  to  make  up  a  series  of  steels  into  the 
form  of  small  screws,  stamp  some  letter  at  5,000  lb.  pressure,  place 
them  in  the  mushroom  head  of  the  breech  block,  and  make  observa- 
tions after  firing. 

The  preceding  work  was  carried  on  at  the  Watertown  Arsenal  and  the 
writer  wishes  to  express  his  appreciation  of  Colonel  Wheeler's  interest 
and  his  courtesy  in  allowing  the  data  to  be  published. 
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TRANSACTIONS  OF  THB  AliBRIGAN  INSTITUTE  OF  MINING  BNOINSBBS 

[bpbjbct  to  rbvibion] 

DISCUSSION  OP  THIS  PAPER  IS  INVITED.  li  ahoiild  prateably  be  preMiiitAd  in  oenon  at  th« 
New  York  meeting,  February,  1017,  when  an  abetract  of  the  paper  will  be  read.  If  this  la  impomible, 
then  diaeuaion  in  writinf  may  be  aent  to  the  Editor,  Ameriean  Inatitute  of  Mining  Engineera,  29  Weet 
39th  Street.  New  York,  N.  Y:,  for  preaentation  by  the  Seeretary  or  other  repreaentative  of  ita  author. 
Unleai  apeeial  arrangement  ia  made,  the  diaeoiaioB  of  thia  paper  will  eioai  Apr.  1,  MIT.  Any  diaeuHlon 
offered  thereafter  ihould  preferably  be  in  the  form  of  a  new  paper. 


Problems  Connected  with  the  Recovery  of  Petroleum  from  Uncon- 
solidated Sands 

BT   WILLIAM  H.   XOBbA*,   ST.   LOUIS,   MO. 
(New  York  Meeting,  February,  1917) 

I.  INTRODUCTION 

The  word  recovery  as  used  in  this  paper  is  applied  in  its  broader 
sense  and  not  limited  to  wells  producing  from  horizons  of  unconsolidated 
sands.  Certain  problems  connected  with  the  winning  of  petroleum  from 
such  horizons  present  themselves  while  drilling  is  in  progress  and  should 
be  considered  before  drilling  is  commenced  wherever  imconsolidated 
sands  are  expected.  Maximum  recovery  depends  not  alone  upon  effi- 
cient pumping  methods  but  also  upon  the  selection  of  a  proper  drilling 
system  and  the  completion  of  a  well  especially  adapted  to  the  extraction 
of  these  oil-bearing  sands. 

II.  DRILLING 
Determining  Factors  in  Selection  of  Method 

The  selection  of  a  drilling  method  for  the  development  of  a  region 
in  which  the  oil  reservoir  consists  of  imconsolidated  sands  is  based  on 
the  following  considerations:  (1)  Character  of  the  formations  overljring 
the  reservoir;  (2)  thickness  of  the  oil-bearing  stratum  or  strata;  (3)  thick- 
ness and  character  of  water  or  gas  sands;  (4)  gas  pressure  to  be  encoun- 
tered or  expected;  (6)  total  depth  of  well. 

1.  CharcLcter  of  the  Formations  Overlying  the  Reservoir 

The  strata  overlying  the  reservoir  may  consist  of  beds  of  shales, 
clays,  sands  and  other  soft  materials  or  they  may  be  slates,  limestones 
and  sandstones  consolidated  to  aU  degrees  of  hardness.  Very  often  the 
overlying  strata  are  predominantly  of  soft  materials  but  interbedded 
with  harder  formations.  Likewise,  soft  strata  are  encountered  at  di£Fer- 
ent  horizons  in  an  overburden  consisting  almost  entirely  of  the  harder 
sedimentaries.     The  physical  character  of  this  overburden  is  frequently 


*  Petroleum  Engineer,  Pierce  Oil  Corporation. 
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complicated  by  the  occurrence  of  quicksands,  gypsum,  rock  salt  or  iron 
pyrites. 

In  deciding  upon  the  surface  equipment  best  adapted  for  the  penetra- 
tion of  these  various  formations  composing  the  overburden,  the  governing 
factor  is  based  upon  evidence  or  expectations  that  the  strata  are:  (a) 
predominantly  soft,  (6)  predominantly  hard,  or  (c)  about  equally  divided. 

If  it  is  known  that  the  overburden  consists  of  predominantly  soft 
and  cavey  material  such  as  sands,  clays,  soft  shales,  quicksands,  beds  of 
g3rpsum,  etc.,  a  rotary  drilling  rig  of  a  size  and  type  commensurate 
with  the  depth  would  be  the  most  efficient  method  of  pverconiing  such 
conditions. 

On  the  other  hand,  if  it  is  known  that  the  overburden  consists  of 
predominantly  hard  strata  such  as  limestones,  sandstones,  hard  shales 
and  slates,  cable^tool  equipment  would  be  employed  and  a  standard 
rig,  with  or  without  calf  wheels,  erected. 

In  many  parts  of  the  world  it  is  impossible  to  classify  the  overburden 
either  as  predominantly  soft  or  as  predominantly  hard.  It  is  made  up 
of  many  strata  of  each  class.  Such  conditions  are  typical  of  the  deep 
and  difficult  drilling  in  certain  parts  of  California,  for  example  at  Fuller- 
ton  and  in  portions  of  the  Midway  district.  The  only  efficient  method 
of  drilling  wells  through  3,000  or  4,000  ft.  of  these  mixed  strata  is  the 
combination  system  employing  both  cable  and  rotary  on  the  same  rig. 
A  heavy  combination  equipment,  with  a  24  by  112-ft.  derrick,  iron  crown 
block,  latest  type  of  draw  works  and  large  rotary,  frequently  costs  as 
much  as  a  completed  well  located  in  the  comparatively  shaUoT^  portions 
of  the  Mid-continent  or  Eastern  fields. 

2.  Thickness  of  the  (Xlrbearing  Stratum  or  Strata 

The  thickness  of  the  imconsolidated  pay  sand  that  must  be  pene- 
trated is  an  important  factor  in  the  selection  of  the  drilling  S3rstem. 
One  hundred  feet  of  loose  oil  sand  carrying  even  a  moderate  gas  pressure 
often  necessitates  the  use  of  rotary  equipment  notwithstanding  the  fact 
that  a  decision  based  solely  upon  the  physical  character  of  the  overburden 
would  select  cable  tools  for  the  work.  For  example,  in  the  extreme 
northern  portion  of  the  Midway  field  in  the  San  Joaquin  Valley,  Cali- 
fornia, there  is  700  ft.  of  predominantly  hard  cable-tool  overburden 
which  must  be  penetrated  in  order  to  reach  an  unconsolidated  oil 
sand  280  to  300  ft.  thick.  Experience  has  shown  that  the  rotary  drilling 
method  completes  a  well  in  that  district  in  half  the  time  and  at  less  cost 
than  cable  tools.  This  for  the  reason  that  the  former  system  averages 
more  hole  per  day  from  top  to  bottom  than  the  latter  although  more 
time  is  required  by  the  rotary  to  reach  the  sand.  The  cable  tools  have 
no  difiiculty  "making  hole"  through  the  700  ft.  of  predominantly  hard 
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overburden  but  encounter  the  greatest  difficulty  in  making  headway  in 
the  oil  sand.  In  fact,  the  heaving  nature  of  these  sands  causes  innumer- 
able fishing  jobs  and  frozen  strings  of  casing  when  an  attempt  is  made  to 
overcome  them  with  cable  equipment.  After  fighting  them  for  weeks, 
if  the  standard  driller  has  200  ft.  of  pay  to  his  credit  he  is  doing  well, 
whereas  the  same  driller  on  a  rotary  rig  can  wash  through  the  300  ft. 
of  sand  in  one  tour  of  12  hr. 

These  conditions  indicate  the  important  bearing  the  thickness  of 
the  unconsolidated  pay  sand  has  upon  the  problem  of  selecting  a  drilling 
syBtem. 

A  few  miles  south  of  the  area  just  described  the  oil  sand  is  only  10  ft. 
thick  and  underlying  similar  formations  of  hard  strata.  Here  the  cable 
tools  are  far  superior  to  the  rotary  because  they  can  readily  overcome 
the  thin  bed  of  pay  sand  and  are  better  adapted  to  drilling  through  the 
overburden. 

Therefore,  it  is  seen  that  the  mere  thickness  of  unconsolidated  oil 
sand  may  be  the  controlling  factor  in  classifying  the  physical  nature  of 
the  territory  to  be  drilled. 

3.  Thickness  and  Character  of  Water  or  Gas  Sands 

Cable  tools  are  superior  to  the  rotary  for  prospecting  new  territory 
and  for  determining  the  exact  depth  of  water-  or  gas-bearing  horizons. 
It  sometimes  happens  that  an  area  or  pool  has  been  inefficiently  developed 
and  exploited;  that  available  well  records  are  unreliable,  or  that  the  len- 
ticular nature  of  the  sands  causes  great  uncertainty  regarding  the  exact 
depth  of  water  strata.  Under  such  conditions  it  is  advisable  to  employ 
cable  tools  until  all  necessary  data  have  been  obtained,  when  the  drilling 
method  may  be  advantageously  changed  to  the  rotary.  Conditions 
such  as  these  at  one  time  existed  in  portions  of  the  Burkbumett  field 
in  northern  Texas  and  although  it  was  known  that  the  territory  was 
particularly  adapted  to  rotary  drilling  it  was  necessary  to  "feel  out" 
from  proven  areas  with  cable  tools  on  account  of  the  "spotted"  nature 
of  the  oil  and  water  sands. 

4.  Gas  Pressure  to  be  Encountered  or  Expected 

Gas  pressure  is  a  factor  of  the  utmost  importance  in  the  selection  of 
a  drilling  system.  Other  things  being  equal,  the  greater  the  pressure 
the  greater  its  importance;  not  only  from  the  mechanical  standpoint 
but  to  serve  the  ends  of  conservation.  This  pressure  may  occur  above 
the  oil  reservoir,  within  the  reservoir,  or  both.  When  it  is  known  to 
occur  above  the  oil  sands  it  may  be  cased  off  with  cable  tools  and  con- 
served between  strings  of  casing  by  the  use  of  a  packing  spider,  a  special 


Digitized  by 


Google 


2256   BBCOVBBT  OF  PBTBOLBUM  FROM  UNC0N80LIDATBD  SANDS 

device  which  has  met  with  great  success  in  the  deep  and  high-preasured 
territory  of  southern  California. 

Where  high  gas  pressures  exist  in  formations  difficult  for  a  rot&iy 
to  overcome  it  frequently  becomes  necessary  to  utilise  special  methods 
in  conjunction  with  the  cable  system  to  properly  cope  with  the  situation. 
For  example,  the  mud-laden  fluid  method  and  circulator  systems  may 
be  called  to  the  aid  of  the  cable  tools  in  passing  through  strata  und^ 
high  gas  pressure. 

The  rotary  system,  however,  is  the  ideal  method  of  overcoming  gas 
sands  and  should  be  employed  wherever  it  is  possible  to  drill  by  this 
method.  In  portions  of  the  north  Midway  field  the  pressure  within  the 
unconsolidated  and  very  loose  oil  pay  is  sufficient  to  heave  the  sands 
200  to  300  ft.  up  in  the  casing  of  cable-tool  wells  unless  special  safeguards 
are  introduced,  whereas  the  rotary  with  its  column  of  mud  slip  penetrate 
these  sands  with  the  greatest  ease  and  dispatch. 

6.  Total  Depth  of  Well 

This  is  naturally  an  important  factor  in  the  selection  of  a  drilling 
system,  whether  the  oil  sands  to  be  developed  are  unconsolidated  and 
loose  or  hard  and  compact.  No  attempt  will  be  made  in  this  paper  to 
describe  the  many  different  types  of  rigs  and  methods  of  drilling.  As 
has  already  been  pointed  out,  the  character  and  thickness  of  the  oil  sand 
often  modifies  the  selection  of  any  particular  drilling  method  but  the 
same  sand  at  1,000  ft.  requires  lighter  equipment  and  possibly  a  different 
system  than  if  it  occurred  at  4,000  ft.  The  former  may  be  easily  reached 
with  cable  tools  and  a  20  by  84-ft.  standard  rig  while  the  latter  may  re- 
quire the  heaviest  rotary  or  combination  equipment  with  a  24  by  112-ft. 
or  even  120-ft.  rig,  7H-ui-  Ideal  rig  irons,  calf  wheel  with  sprocket  drive, 
etc. 

Wildcat  Territobt 

In  the  foregoing  paragraphs  it  was  assumed  that  developments  of 
unconsolidated  oil  sands  was  to  be  undertaken  in  proven  territory-^hat 
is,  in  a  region  already  known  and  where  accurate  well  logs  were  available 
for  study  and  correlation.  This  is  a  very  frequently  not  the  case.  Often- 
times little  or  nothing  is  known  concerning  imderlying  strata  and  unless 
geological  evidence  enables  the  construction  of  a  fairly  accurate  colunuiar 
section  of  the  region  the  selection  of  a  drilling  system  is  practically  limited 
to  cable  tools.  As  has  already  been  stated,  this  is  the  only  method  of 
pracedure  in  unknown  or  wildcat  districts  because  the  cable  system 
is  peculiary  adapted  to  prospecting  and  the  accurate  determination 
of  oil-,  water-  and  gas-bearing  strata. 
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Johnson  and  Huntley^  make  a  good  comparison  of  the  advantages 
and  disadvantages  of  the  cable  and  rotary  systems  which  indicates  this 
superiority  of  the  former  for  work  in  wildcat  districts. 

Comparison  of  Drilling  Systems 

Cable  System. — AdvarUages. — 

1.  Less  first  cost  of  tools  and  rig. 

2.  Lower  labor  cost  per  day. 

3.  Less  water  necessary. 

4.  Can  drill  in  the  hardest  rock. 

5.  More  drillers  available  in  some  fields,  although  this  is  becoming 
less  true. 

6.  Gives  more  information  as  to  the  formations  passed  through,  and 
is  thus  better  for  prospecting. 

7.  Less  cost  per  foot  for  relatively  shallow  wells. 
Disadvantages. — 

1.  Longer  drilling  time. 

2.  Much  slower  when  under-reaming  is  necessary. 

3.  Danger  of  delays  and  fishing  troubles  in  soft  strata. 

4.  When  many  water  sands,  hard  to  carry  large  hole  to  deep  pay. 
6.  Greater  cost  per  foot  for  moderately  deep  wells. 

6.  More  casing  necessary  to  handle  caves  and  water  sands. 

7.  Liability  of  getting  crooked  hole  in  soft  formations. 

8.  Harder  to  control  heavy  pressures  and  more  likelihood  of  "blow- 
outs." 

Rotary  System. — Advantages, — 
Faster  drilling  in  soft  strata. 

2.  Less  trouble  from  caving  and  water  sands. 

3.  Less  casing  used  in  soft  formations  with  water  and  gas  sands. 

4.  Straighter  hole  in  deep  drilling  in  soft  formations. 

5.  Can  handle  alternate  hard  and  soft  formations,  with  less  danger 
of  accidents  than  with  cable  tools.  This  is  made  possible  by  the  new 
bits  and  heavier  rotary  machines. 

6.' Can  carry  a  large  hole  deeper. 

7.  When  "drilling in,"  easier  to  control  high  gas  pressure  and  prevent 
blowouts. 

Disadvantages, — 

1.  Very  slow  in  hard  strata. 

2.  Greater  daily  labor  cost. 


*  R.  H.  Johnson  and  L.  G.  Huntley:  Prindplea  of  Oil  and  Gas  ProdMciion,  pp. 
118-119.    New  York,  Wiley  (1916). 
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3.  Limited  trained  labor  supply  in  some  fields. 

4.  Greater  cost  per  foot  for  shallow  wells. 

5.  Does  not  show  up  smaller  oil  and  gas  pays,  and  important  reser- 
voirs may  be  passed  through  in  prospecting. 

6.  More  water  necessary,  a  drawback  in  arid  regions. 

Cable  System  Generally  Used  in  Wildcatting 

Good  practice  demands  that  cable  tools  be  used  on  any  test  well  in 
an  unknown  or  wildcat  district.  If  the  approximate  depth  of  the  stra- 
tum which  is  thought  to  be  oil-bearing  is  known,  or  if  the  depth  is  decided 
by  contract  with  the  landowners,  a  standard  or  calf-wheel  rig  is  erected 
of  a  size  and  type  commensurate  with  that  depth  and  drilling  conmienced 
with  cable  tools.  If  the  territory  proves  to  be  suitable  for  cable-tool 
work  and  stands  up,  the  well  progresses  satisfactorily  and  rapidly  as  a 
rule  but  if  caving  and  unconsolidated  sands  are  encountered,  compU- 
cations  surely  follow.  These  imforeseen  contingencies  will  be  treated 
briefly. 

A  test  well  passes  through  1,500  ft.  of  hard  formations  and  enters  a 
stratum  of  unconsolidated  oil-bearing  sand  under  pressure.  The  10-in. 
casing  is  landed  at  1,450  ft.  as  a  water  string  to  shut  off  several  water- 
bearing strata  encountered  at  higher  levels.  The  8)<^-in.  casing  put  in 
after  landing  the  10-in.  becomes  ''logy"  and  finally  "freezes"  when  40 
ft.  of  the  sand  has  been  drilled. 

The  foregoing  case  is  typical  and  one  taken  from  actual  practice. 
It  is  essential  to  keep  the  casing  "free''  when  carrying  hole  through 
unconsolidated  sands,  whether  pay  sands  or  not.  Sometimes  10  ft.  of 
sand  will  freeze  casing  and  in  other  cases  with  careful  management  in 
experienced  hands  150  to  250  ft.  of  heaving  oil  sand  may  be  overcome 
with  cable  tools. 

In  the  example  just  mentioned,  the  S}4rm.  casing  is  frozen.  The 
first  thing  to  be  done  is  to  attempt  freeing  it.  Alternate  pulling  and 
driving  may  accomplish  this.  The  power  of  a  calf  wheel  applied  through 
seven  lines  to  the  heavy  casing  block  is  tremendous  and  an  expert  driller 
knows  just  the  amount  of  stretch  the  casing  will  withstand  before  parting. 
If  it  comes  an  inch  or  two  the  drive  clamps  are  adjusted  on  the  square 
of  the  stem  and  the  casing  driven  back  to  its  former  position,  when  it  is 
again  pulled — possibly  yielding  an  additional  inch.  The  principal  thing 
is  to  cause  it  to  move  even  slightly,  as  it  is  sure  ultimately  to  become 
free  by  this  method.  It  is  well  to  apply  the  casing  tongs  after  each  pull 
or  two  and  set  up  the  entire  string  a  trifle.  This  tightens  any  threads 
that  may  have  become  loose. 

It  frequently  happens  that  the  alternate  pulling  and  driving  method 
proves  futUe.     The  casing  refuses  to  move  an  inch.    In  this  event  other 
methods  are  at  the  command  of  the  engineer.     One  that  is  often  success- 
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fill  and  is  not  commonly  known  is  to  relieve  the  static  pressure  within  the 
casing,  it  being  presupposed  that  the  hole  is  full  or  nearly  full  of  fluid, 
and  allow  the  sand  to  heave  within  the  drilling  string.  It  is  seldom  neces- 
sary to  bail  more  than-  300  or  400  ft.  of  fluid  from  the  well  in  order  to  so 
disturb  the  balance  of  pressures  that  a  sudden  upheaval  of  the  oil  sand 
takes  place.  Following  this  upheaval  the  driller  tries  the  casing  and  if 
it  is  free,  which  is  nearly  always  the  case,  the  hole  is  cleaned  out  to  bottom 
and  drilling  resumed. 

It  sometimes  happens  on  account  of  insufficient  pressure  in  the  sand, 
or  from  other  causes,  that  the  sand  fails  to  heave  when  the  static  pressure 
is  reduced.  In  that  event  a  casing  spear,  preferably  of  the  trip  type,  is 
run  to  bottom  on  the  tools  and  engaged  near  the  shoe,  with  long  stroke 
jars  and  sinker  bar  or  stem  giving  necessary  impact  to  the  jars.  A  strong 
pull  is  then  taken  with  hydraulic  jacks  applied  to  the  casing  by  means  of 
a  spider,  while  jarring  is  commenced  on  the  tools.  This  method  will 
free  exceedingly  tight  casing.  A  nail  may  often  be  driven  out  when  it 
cannot  be  pulled.    The  jarring  of  casing  is  exactly  similar. 

If  this  method  fails  to  free  the  casing,  a  spear  may  be  run  on  a  string 
of  the  next  smaller  size  casing  and  a  hold  secured  near  the  bottom  of  the 
frozen  pipe.  A  heavy  pull  is  then  taken  on  both  strings  of  casing  while 
jarring  is  commenced  with  the  tools  which  carry  long  stroke  jars  and  a 
casing  spear  as  described  in  the  previous  method.  In  fact,  the  two  methods 
differ  only  in  that  a  much  stronger  pull  can  be  taken  on  the  two  strings 
of  casing  than  on  the  one;  in  other  words,  the  pull  is  doubled. 

In  rare  cases  it  happens  that  the  unconsolidated  sand  holds  the  cas- 
ing in  such  a  grip  that  even  this  tremendous  pulling  force  and  the  heavy 
jarring,  which  may  be  likened  to  the  blows  of  a  steam  hammer,  fail  to 
free  it.  As  a  last  resort  the  casing  may  be  split  in  several  places  to  allow 
the  binding  sand  to  run  into  the  well.  To  accomplish  this  a  casing  ripper 
is  run  in  on  the  tools  and  several  long  gashes  cut  in  the  casing  at  a  point 
where  it  is  thought  the  maximum  "friction"  exists.  If  this  results  in 
the  entry  of  sand  it  will  nearly  always  free  the  string. 

In  the  event  that  all  these  attempts  fail  and  it  is  impossible  to  free 
the  casing,  two  methods  of  overcoming  the  difficulty  remain.  A  four- 
wheel  casing  cutter  may  be  run  in  on  3-in  tubing  and  the  casing  cut  at  a 
point  just  above  where  it  is  frozen.  The  upper  portion  of  the  string  is 
then  removed  from  the  well,  a  new  shoe  adjusted  and  the  joints  imbedded 
in  the  sand  "side-tracked''  or  drilled  past.  This  is  slow  and  difficult 
work  and  not  always  successful.  Some  operators  shoot  the  casing  in- 
stead of  cutting  it.  A  small  charge  of  dynamite  is  exploded  at  the  point 
where  the  casing  is  frozen,  but  this  results  in  jagged  ends  at  the  place  of 
rupture,  making  the  casing  more  difficult  to  side-track.  It  is  a  quick 
and  inexpensive  method  but  cannot  be  considered  good  practice  in  many 


Digitized  by 


Google 


2260   RECOYSBY  OF  FBTROLEUH  VBOM  UKC0N80LIDATED  SANDS 

If  it  is  not  desired  to  cut  or  shoot  the  frozen  stringy  the  only  thing  to 
be  done  is  to  abandon  it  and  case  with  the  next  smaller  size  pipe.  This 
is  permissible  providing  the  frozen  string  is  of  such  a  size,  say  8K  ^^ 
Q%  in.,  that  the  well  may  be  completed  to  the  required  depth  before 
"pointing  out." 

Loose  oil  sand  under  pressure  often  heaves  in  a  cable-tool  driUing  well 
when  the  bit  drills  through  the  cover  rock,  and  unless  the  driller  is  warned 
in  time  the  tools  are  buried  for  many  feet  by  the  sand.  In  certain  of  the 
California  fields  the  oil  sand  has  often  buried  a  string  of  tools  300  ft.  or 
more  and  frequently  led  to  a  bad  fishing  job.  Whenever  such  sands  are 
anticipated  the  experienced  driller  "carries"  the  hole  full  of  water  or 
thin  mud  slip  in  order  to  counterbalance  the  rock  pressure.  The  jais 
and  sinker  bar  are  also  used  on  the  tools  so  that  in  case  of  a  sand  heave 
they  may  be  jarred  free.  It  is  sometimes  necessary  to  jar  the  tools 
through  100  ft.  or  more  of  oil  sand,  which  requires  possibly  12  to  24 
hr.  If  the  wire  drilling  line  parts  a  bad  fishing  job  is  apt  to  result  and 
it  may  be  necessary  to  pull  the  casing  (if  it  is  free)  in  order  to  recover  the 
tools.  Or  if  it  is  frozen  a  "fishing  string"  is  run  in,  after  cleaning  out  to 
the  top  of  the  lost  tools,  and  an  attempt  made  to  recover  them  with  a 
socket  or  other  special  fishing  tool.  This  is  simply  an  example  of  one  of 
the  many  fishing  jobs  of  endless  variety  that  may  occur  from  the  heaving 
of  unconsolidated  oil  sand.  These  same  remarks  apply  with  equal  force 
to  conditions  arising  from  the  penetration  of  any  unconsolidated  sand  or 
other  material  of  a  cavey  nature  which  may  freeze  casing  or  bury  cable 
tools. 

The  foregoing  problems  connected  with  the  drilling  of  wdls  with 
cable  tools  in  unconsolidated  sands  are,  of  course,  not  met  with  when  the 
rotary  system  is  employed,  but  it  must  be  remembered  that  wildcat 
territory,  which  demands  the  use  of  cable  tools,  is  being  considered.  The 
difl&culties  encountered  were  unforeseen  and  unexpected.  After  the 
cable  tools  have  proved  the  district,  future  exploitation  may  be  carried 
on  by  the  rotary  system. 

Rules  Governing  the  DriUing  of  Deep  Test  Wells 

A  few  general  rules  and  cautions  governing  the  drilling  of  deep  test 
wells  in  wildcat  territory  where  unconsolidated  sands  are  expected,  foUow: 

1.  Allow  a  wide  margin  above  the  calculated  cost  of  the  well. 

2.  Commence  drilling  with  a  sufficiently  large  hole — ^20  to  22  in.  for 
a  deep  test. 

3.  Do  not  expect  a  light  rig  for  shallow  territory  to  drill  a  deep  test. 

4.  In  remote  districts  have  all  the  casing  on  the  ground  and  an  ade> 
quate  supply  of  small  tools,  pipe  and  fittings. 

5.  Have  a  rope  grab,  combination  socket  and  other  frequently  needed 
fishing  tools  available  for  instant  use. 
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6.  After  selecting  the  site  for  the  rig^  have  a  cellar  dug  about  8  by 
10  ft.  by  at  least  15  or  20  ft.  deep.    The  depth  is  important. 

7.  Provide  an  adequate  supply  of  the  best  obtainable  water  for 
steaming  purposes. 

8.  Anticipate  heavy  oil  or  gas  pressure  and  have  a  control  casing 
head  on  hand  if  occasion  arises  for  its  use  to  cap  the  well. 

9.  Locate  a  deposit  of  fine  clay  for  use  in  mixing  mud  slip  to  shut 
off  pressures  or  to  use  while  drilling  in  unconsolidated  sands  that  refuse 
to  bail  readily. 

10.  If  the  well  is  to  be  drilled  by  a  contractor  at  so  much  per  foot,  do 
not  expect  sands  tested,  water  shut  off,  and  logs  kept  as  carefully  and 
efficiently  as  would  otherwise  be  done.  Many  important  features  of  the 
work  are  sUghted  and  the  time  required  for  their  proper  accomplishment 
sacrificed  in  the  effort  to  make  the  maximum  amoimt  of  hole  in  the  mini- 
mum time. 

11.  Carry  every  string  of  casing  to  the  maximum  depth  possible  and 
never  abandon  the  effort  imtil  every  means  at  the  command  of  the  opera- 
tor has  been  exhausted  in  the  attempt. 

12.  The  management  of  the  work,  selection  of  methods,  etc.,  should 
not  be  left  to  the  drillers  but  placed  in  the  hands  of  a  competent 
superintendent. 

13.  Keep  a  most  careful  and  accurate  log  of  the  well,  preferably  in 
several  copies  in  order  that  if  one  is  lost  the  record  may  be  preserved. 

Taking  up  some  of  these  points  in  more  detail:  In  allowing  for  the 
cost  of  a  test  well  in  wildcat  territory  a  safe  rule  to  follow  is  to  figure  the 
actual  cost  as  accurately  as  possible  and  multiply  this  figure  by  two. 
How  many  wells  are  reported  as  ''abandoned  for  lack  of  funds?"  It  is 
safe  to  say  that  imconsolidated  sands  or  other  cavey  materials  are  re- 
sponsible for  a  large  percentage  of  the  failures  and  for  most  of  the  diffi- 
culties, discouragements  and  delays  in  the  drilling  of  test  wells.  Many 
wells  that  "ought  not  to  cost  $16,000"  actually  require  the  expenditure 
of  $25,000  or  $30,000  for  their  completion.  Much  larger  amoimts  are 
not  at  all  unusual  and  it  is  well  to  keep  in  mind  that  figuring  the  cost  of 
a  test  well  in  a  wildcat  district  is  a  good  deal  like  provisioning  an  explor- 
ing party  to  i)enetrate  imknown  wilds — emergencies  must  be  anticipated 
in  both  cases. 

The  importance  of  commencing  the  well  or  "spudding  in"  with  a 
sufficiently  large  hole  cannot  be  over-estimated.  In  order  to  reach  the 
desired  depth,  whether  2,500  or  4,000  ft.,  it  is  imperative  to  make  the  size 
of  the  hole  at  the  surface  commensurate  with  the  depth.  In  the  soft 
Tertiary  formations  of  California  and  in  the  Baku  fields  of  Russia  it  is 
found  advantageous  to  use  large-diameter  stovepipe  casing  for  the  first 
few  himdred  feet,  especially  where  beds  of  boulders  are  encountered. 
This  type  of  casing  is  made  by  riveting  sheet  iron  oristed  of  14  to  10  U.  S. 
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gage  and  may  be  purchased  in  lengths  of  2  ft.  or  multiples  of  2  up  to 
20  ft.,  the  shorter  lengths  being  used  when  progress  with  the  string  be- 
comes slow.  In  the  Russian  fields,  wells  are  commenced  with  holes  of 
extremely  large  diameter,  not  on  account  of  any  extraordinary  depth  but 
in  order  to  complete  a  well  in  the  pay  sand  of  sufficient  diameter  to  per- 
mit the  use  of  large-sized  bailers,  the  method  used  in  that  country  to 
bring  the  oil  to  the  surface,  because  the  excessive  amount  of  uncon- 
solidated sand  precludes  the  use  of  pumps.  The  usual  sizes  of  the  Cali- 
fornia stovepipe  casing  are  16  in.,  18  in.  and  20  in.  and  if  500  to  700  ft. 
of  the  18-in.  size  can  be  put  in  a  weU  the  operator  has  a  good  beginning 
tor  a  deep  test  in  unconsolidated  formations.  A  great  advantage  pos- 
sessed by  this  tjrpe  of  casing  is  the  absence  of  collars  with  a  consequent 
reduction  in  friction,  making  it  especially  suited  for  driving  through 
strata  of  unconsolidated  sands.  Its  use  will  probably  extend  to  Okla- 
homa and  the  Mid-continent  fields  as  development  extends  westward 
into  deeper  territory  possessing  all  the  problems  arising  from  the  pres- 
ence of  unconsolidated  sands  or  other  strata  of  loose  materials.  Many 
test  wells  have  been  and  are  being  drilled  in  the  Permian  Red  Beds  of 
western  Oklahoma  and  the  occurrence  of  deep  deposits  of  unconsolidated 
materials  in  this  region  is  gradually  bringing  about  improved  drilling 
methods  and  the  introduction  of  more  efficient  mechanical  devices.  For 
the  same  reason,  operators  accustomed  to  the  hard  strata  of  the  Elastem 
fields  where  casing  problems  are  of  small  importance  are  realizing  the 
necessity  of  large-diameter  holes  and  the  use  of  heavy-weight  pipe 
with  improved  methods  of  handling  it.  Gonunencing  a  test  well  with 
too  small  a  diameter  means  that  it  "points  out"  before  it  ''tests"  any- 
thing. In  Pottawatomie  County,  Oklahoma,  a  typical  wildcat  section, 
are  many  abandoned  ''test"  wells  that  pointed  out  before  a  depth  of 
2,500  ft.  was  reached,  although  it  was  known  that  if  oil  occurs  it  would 
be  found  at  3,000  ft.  or  more.  These  failures  were  all  due  to  the  fact 
that  the  holes  were  commenced  with  diameters  too  small  and  that  the 
presence  of  unconsolidated  sands  was  not  taken  into  account.  These 
sands  necessitated  the  use  of  a  greater  number  of  strings  of  casing  which 
in  turn  caused  the  well  to  point  out  sooner  than  would  have  been  the 
case  had  it  been  commenced  with  a  hole  of  larger  diameter.  "It  may  be 
said  in  conclusion  that  in  drilling  in  wildcat  territory  where  the  number  of 
water  and  gas  sands  is  unknown  and  the  depth  of  the  oil  sand  uncertain, 
and  therefore  the  ultimate  depth  of  the  hole  cannot  be  known,  one  must 
start  with  a  larger  size  of  casing  than  that  which  will  probably  be  used 
for  later  wells  when  the  field  is  developed.  Pioneer  wells  have  been 
drilled  in  some  pools,  which  failed  to  discover  oil  because  the  hole  was 
so  small  it  could  not  be  carried  deep  enough  to  penetrate  the  sand  which 
was  later  discovered  to  be  the  main  oil  pay,  perhaps  only  a  few  feet  be- 
yond where  the  early  well  stopped  drilling.    Wells  in  the  Calgary  dis- 
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trict  in  Alberta  are  started  with  18-in.  casing.  In  California  even  larger 
casing  has  been  used."' 

Probably  the  best  type  of  rig  for  handling  heavy  strings  of  casing  in 
unconsolidated  sands  is  the  California  or  calf-wheel  with  sprocket  drive 
and  extra  heavy  rig  irons.  A  light  standard  rig  such  as  is  commonly 
used  in  the  Eastern  fields  and  parts  of  Oklahoma  is  sufficiently  strong  to 
handle  light-weight  strings  of  casing  through  consolidated  formations 
but  is  totally  inadequate  for  the  heavy  pulls  required  to  free  long  strings 
of  California  pipe  in  contact  with  several  hundred  feet  of  unconsolidated 
sands.  For  the  heaviest  work,  iron  or  oak-calf  and  bull-wheel  shafts  are 
required,  and  concrete  foundations  for  the  derrick.  The  usual  practice 
of  placing  a  few  pieces  of  waste  lumber  under  each  derrick  leg  as  founda- 
tions should  not  be  countenanced,  especially  where  the  casing  may  have 
to  be  carried  through  cavey  material  with  the  consequent  heavy  strains 
which  inevitably  result  in  pulling  the  derrick  out  of  plumb. 

A  feature  connected  with  cable-tool  drilling  in  unconsolidated  sands 
which  many  operators,  accustomed  to  hard  formations,  overlook,  is  the 
importance  and  advantage  of  an  adequate  cellar.  Wl^en  a  string  of  cas- 
ing is  being  carried  through  sands  or  other  cavey  material  it  has  to  be 
"worked"  almost  continually  and  sometimes  freezes  while  one  "screw" 
is  being  run.  It  is  difficult  or  impossible  to  make  any  hole  ahead  of 
the  shoe  and  frequently  the  casing  is  allowed  to  "follow;"  that  is,  it  is 
released  from  the  spider  slips  and  follows  the  drilling  bit  of  its  own 
weight.  If  it  refuses  to  follow  it  is  worked  up  and  down  with  the  casing 
block  and  calf  wheel  and  sometimes  spudded  with  a  jerk-line  or  driven 
with  the  drive  clamps  and  tools.  In  all  of  these  ox)erations  a  deep 
cellar  is  of  the  greatest  advantage  because  it  allows  the  driller  to  work  the 
casing  below  the  derrick  floor  until  there  is  sufficient  clearance  for 
another  joint  to  be  screwed  on.  Casing  averages  about  20  ft.  to  the 
joint,  hence  a  cellar  of  approximately  that  depth  is  most  desirable,  al- 
though 15  or  18  ft.  is  a  great  improvement  on  the  inadequate  and  shal- 
low pits  commonly  placed  under  derricks  in  regions  where  the  problem 
of  unconsolidated  sands  is  unknown  or  under-estimated. 

Finishing  a  Well  in  Unconsolidated  Sands 

The  process  of  finishing  a  well  in  an  unconsolidated  pay  sand  is  quite 
different  from  the  "  bringing  in  "  of  a  well  tapping  a  hard  sand.  It  some- 
times requires  weeks  to  penetrate  a  thick  stratum  of  loose  pay  sand  with 
cable  tools,  whereas  the  "drilling  in"  and  ''shooting"  of  a  hard  sand  is 
a  much  simpler  process.  Where  the  sand,  whether  loose  or  hard,  is  un- 
der great  pressure  and  the  well  ''comes  in"  as  a  gusher  or  flowing  well 


'  R.  H.  Johnson  and  L.  G.  Huntley;  Principles  of  OU  and  Gas  ProducHan,  p.  125. 
New  York,  WUey  (1916). 
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as  soon  as  the  sand  is  tapped,  the  results  are  exactly  similar  except  that 
the  well  in  the  unconsolidated  pay  is  apt  to  throw  out  great  quantities 
of  sand. 

The  ideal  method  of  finishing  a  well  through  a  thick  stratum  of  loose 
oil  sand  is  the  rotary  system.  As  mentioned  in  the  first  part  of  this 
paper,  it  is  usual  for  a  rotary  to  penetrate  300  ft.  of  imconsolidated  oil 
pay  in  12  hr.  or  less,  and  by  thickening  the  circulating  mud  the  pressures 
may  be  balanced  to  such  a  nicety  that  upon  reaching  the  stratum  imder- 
lying  the  sand  the  entire  string  of  drill  pipe  may  be  withdrawn  without 
the  slightest  danger  of  caving.  In  other  words,  a  column  of  mud-laden 
fluid  extends  through  the  sand  and  is  substituted  in  the  physical  balance 
of  forces  for  the  loose  sand  which  previously  occupied  the  same  space. 
Although  all  the  purposes  of  an  open  hole  have  been  served,  nature's 
balance  is  left  undistiu'bed.  This  mud  may  be  allowed  to  stand  for 
several  hours  but  the  best  practice  is  to  prepare  the  ''liner"  or  perforated 
casing  in  advance  and  have  everything  ready  for  ''casing"  immediately 
upon  withdrawal  of  the  drill  pipe. 

The  liner  may  consist  either  of  "shop-perforated"  casing  or  one  of 
the  several  types  of  screen  pipe  which  have  come  into  extensive  use  be- 
cause of  their  greater  efficiency  in  handling  sand  with  a  consequent  in- 
crease in  file  amoimt  of  oil  recovered. 

It  will  be  assumed  that  screen  pipe  is  to  be  set  and  that  the  water 
string  consists  of  8^-in  casing  landed  in  a  hard  stratum  a  few  feet  above 
the  oil  sand.  Three  himdred  feet  of  6^-in.  screen  pipe  is  carefully  tallied 
and  two  blank  joints  of  the  same  size  made  ready.  A  collar  is  screwed 
on  the  bottom  of  the  last  joint  of  screen  pipe  and  a  back-pressure  valve 
and  wooden  wash  plug  placed  therein.  The  300  ft.  of  screen  pipe  with 
the  two  blank  joints  on  top  is  then  run  into  the  hole  to  bottom  on  3-in. 
tubing,  this  tubing  resting  on  the  wooden  wash  plug  and  being  attached 
to  the  6^-in.  casing  with  a  right-  and  left-thread  nipple.  The  principal 
thing  is  to  have  the  tubing  extend  through  the  screen  pipe  in  order  that 
the  water  may  pass  out  of  the  bottom  of  the  liner  and  not  through  the 
meshes  of  the  screen.  When  the  liner  has  reached  bottom  it  is  raised 
an  inch  or  two  and  the  well  thoroughly  washed  by  pumping  clear  water 
through  the  tubing  or  wash  pipe  for  24  hr.,  or  until  the  "returns"  cease 
to  show  any  trace  of  mud.  The  wash  pipe  is  then  backed  off  by  turning 
to  the  right  and  withdrawn.  This  leaves  the  liner  clean,  with  no  mud 
between  the  meshes  and  the  oil  sand,  and  the  two  joints  of  blank  6^  in. 
extending  up  into  the  8^  i^*  forming  a  40-ft.  lap.  An  adapter  from 
6%  in.  to  8^  in.  is  then  lowered  on  the  bailer  or  dropped  through  the 
water  in  the  casing  imtil  it  rests  on  top  of  the  liner,  making  a  smooth 
connection  between  it  and  the  8}i  in.  The  well  is  then  tubed  and  when 
the  water  pressure  is  relieved  begins  to  produce  oil. 

The  proper  setting  of  screen  pipe  with  a  rotary  requires  experience 
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and  knowledge,  especially  as  quick  work  is  desirable  and  any  accident 
may  prove  costly.  Instead  of  using  tubing,  a  heavy  liner,  whether  of 
screen  pipe  or  perforated  casing,  may  be  set  with  the  rotary  drill  pipe,  as 
the  same  method  is  used  with  both. 

The  finishing  of  a  well  with  cable  tools  in  a  very  thick  stratmn  of 
unconsolidated  oil  pay  is  much  more  of  a  problem  than  that  just  de- 
scribed where  a  rotary  is  used.  The  ordinary  procedure,  especially  in 
districts  where  screen  pipe  has  never  been  tried  or  is  unknown,  is  to  carry 
the  casing,  of  the  size  the  hole  is  to  be  finished  with,  through  the  oil  sand 
and  then  perforate  it  with  a  perforating  machine.  It  frequently  happens 
that  the  string  freezes  after  penetrating  the  sand  for  100  ft.  or  less,  in 
which  event  it  is  usual  to  place  an  iron  or  wooden  heaving  plug  in  the 
bottom  of  the  casing  and  then  perforate.  If  the  operator  is  fortunate 
enough  to  carry  the  casing  through  the  pay  it  can  be  landed  in  the 
stratum  underlying  the  sand,  which  obviates  the  use  of  a  heaving  plug, 
the  only  fimction  of  which  is  to  prevent  the  sand  heaving  inside  the  cas- 
ing and  overwhelming  the  pump.  Irrespective  of  the  depth  of  sand 
attained,  the  use  of  the  perforator  is  necessary  with  this  method  and  is 
its  greatest  drawback,  mainly  on  account  of  the  uncertainty  of  the  results 
therefrom.  For  mechanical  reasons,  variation  in  the  thickness  or  tough- 
ness of  the  casing,  and  other  factors  beyond  the  control  of  the  operator, 
the  use  of  a  perforating  machine  is  frequently  disappointing.  If  the  well 
comes  in  as  a  small  producer  there  is  always  the  suspicion  that  the  per- 
forator failed  to  punch  a  sufficient  number  of  holes,  whereas  if  the  casing 
"sands  up"  and  the  well  requires  constant  "pulling"  the  reverse  is  true. 
Arnold  and  Garfias'  mention  these  points  in  describing  methods  of  oil 
recovery  in  California: 

''The  indiscrimmate  use  of  perforating  machines  has  been  the  source  of  much  trouble. 
In  the  Coalinga  field  one  well  about  1,300  ft.  deep  was  perforated  three  times,  and  when 
the  casing  was  removed  it  was  found  that,  except  for  a  few  holes,  the  machine  had  only 
indented  the  casing.  In  other  wells,  owing  to  local  brittleness  of  the  casing,  the  per- 
forator has  removed  large  pieces  of  it;  and  in  some  deep  wells,  owing  to  the  great 
weight  of  the  column  of  tubing  to  which  the  perforator  is  attached,  the  perforator  has 
cut  into  or  strained  the  collars  so  as  to  cause  collapse  of  the  casing." 

In  the  light  of  these  facts  and  of  past  experience  in  drilling  many  wells 
in  unconsolidated  oil  sands,  it  may  be  said  that  every  effort  should  be  made 
to  avoid  bringing  in  the  well  by  perforating  the  casing  after  it  has  been  placed 
in  the  hole.  As  a  substitute  for  such  perforating  the  operator  may  use 
screen  pipe  or  shop-perforated  casing.  In  finishing  a  cable-tool  well  with 
either  of  these  two  devices  the  problems  involved  are  largely  or  entirely 
dependent  upon  the  thickness  of  the  unconsolidated  sand.  If  this  sand 
is  a  thin  bed  50  ft.  or  less  in  thickness  there  is  usually  no  difficulty  in 

•  R.  Arnold  and  V.  R.  Garfias:  Methods  of  Oil  Recovery  in  California,  U.  S,  Bureau 
of  Mines,  Technical  Paper  70,  pp.  9-10  (1914). 
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setting  any  type  of  screen  or  of  shop-perforated  casing,  but  where  the 
sand  is  250  to  300  ft.  thick  many  obstacles  may  be  encountered. 

The  ideal  method  of  finishing  a  cable-tool  well  in  a  very  thick  stratum 
of  loose  pay  sand  is  to  carry,  say,  SJ^-in.  casing  throiigh  the  pay  and  thai 
set  a  6^-in.  liner,  either  screen  or  shop-perforated,  preferably  the  for- 
mer, inside  this  S}i  in.  and  then  remove  the  SJ^-in.  casing,  leaving 
the  liner  in  contact  with  the  oil  sands.  This  is  very  difficult  to  accom- 
plish, however,  because  it  necessitates  keeping  the  8^  ^'  fr^  **  ^ 


After  Lasme  ft  Bowler  Corp. 

Fig.  1. — Section  of  Wirb-Wound 
Screen  Casing. 


After  McEvoy  Wireless  Well  Strainer  Co 

Fig.  2.-^BcnoN  of  Wibeless 
Sgrbbn  Casing. 


times,  and  this  is  seldom  possible.     In  fact,  it  may  freeze  beyond  all 
power  of  freeing  while  the  liner  is  being  set. 

It  well  may  be  asked,  why  not  carry  8J^-in.  screen  or  shop-perforated 
pipe  through  the  sand  in  the  first  place  and  thus  save  the  extra  labor  of 
setting  a  Uner  and  gain  the  advantage  of  completing  a  well  of  larger 
diameter.  The  answer  is  that  it  is  much  more  difficult  to  carry  per- 
forated than  blank  casing  through  unconsolidated  sands  and  that  all 
types  of  screen  pipe  possess  the  same  objection.  In  addition,  certain 
screens  are  not  made  to  withstand  such  work  and  are  easily  damaged 
necessitating  the  use  of  a  conductor  casing  when  setting. 
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Screen  casing  may  be  divided  into  two  general  classes:  (a)  the  screen- 
ing device  on  the  outside  of  the  casing,  see  Fig.  1 ;  and  (b)  the  screen  form- 
ing a  part  of  the  casing  wall,  see  Fig.  2.  In  the  first  type  the  screen 
genercdiy  consists  of  wire  wound  around  perforated  casing,  while  in 
the  second  type  the  screen  is  in  the  form  of  numerous  buttons  or  slotted 
brass  plugs  carried  in  the  walls  of  the  casing  and  flush  with  the  outside 
surface,  or  in  slits  cut  directly  in  the  casing  wall  itself.  This  latter  type, 
sometimes  known  as  ''wireless''  screen,  has  the  advantage  of  with- 
standing hard  usage,  and  many  operators  have  carried  it  for  considerable 
distances  through  unconsolidated  sands.  But  in  very  thick  strata  of 
loose  pay  it  is  as  difficult  to  carry  as  shop-perforated  casing  and  entirely 
impossible  where  blank  pipe  encounters  difficulties.  The  wire-wound 
screen  casings  are  entirely  unadapted  for  carrying  through  thick  strata 
of  unconsolidated  sands  and  the  attempts  to  finish  a  well  in  that  way 
should  never  be  made.  The  wire  screen,  however,  possesses  many  ad- 
vantages over  the  wireless,  as  will  appear  in  later  paragraphs,  but  in 
finishing  a  well  with  this  type  of  screen  it  is  necessary  to  set  it  either 
inside  a  conductor  string  or  by  means  of  a  rotary,  as  otherwise  the  wires 
may  become  detached  from  the  casing  and  cause  endless  complications 
and  trouble. 

In  concluding  the  subject  of  the  drilling  and  finishing  of  wells  in  un- 
consolidated sands,  it  is  desired  to  emphasize  the  fact  that  most  of  the 
problems  connected  therewith  arise  from  two  general  causes:  (a)  the 
development  of  unknown  districts;  and  (6)  the  existence  of  such  a  com- 
bination of  physical  conditions  in  the  strata  that  it  is  impossible  to 
employ  one  system  capable  of  overcoming  them.  For  example,  if  a 
thick  body  of  unconsolidated  oil  sand  has  an  overburden  of  1,200  ft.  of 
hard  compact  formations  the  cable  system  demanded  by  the  latter  is 
confronted,  upon  entering  the  oil  sand,  by  many  of  the  problems  already 
described.  These  conditions  would  not  justify  the  installation  of  an 
expensive  combination  system  and  could  best  be  overcome  only  by  the 
exercise  of  good  judgment  and  foresight  backed  with  skill  and  experience. 
Even  though  possessing  these  qualifications  in  high  degree,  the  seeker 
for  oil  must  recognize  the  element  of  "luck"  in  many  of  his  operations 
and  be  duly  appreciative  when  it  is  in  his  favor  and  stoically  patient  when 
it  is  otherwise. 

III.  EXTRACTING  THE  OIL  AND  SAND 

The  process  of  obtaining  oil  from  the  earth  when  that  oil  is  contained 
in  a  loose  unconsolidated  sand  is  very  different  from  the  method  employed 
to  extract  the  recoverable  portion  of  the  oil  content  of  a  hard  stratum. 
With  an  unconsolidated  sand  the  extracting  of  its  oil  content  may  take  place 
above  ground  whereas  with  a  hard  oil-bearing  stratum  this  is  impossible. 
This  distinction  has  an  important  bearing  upon  all  questions  relating  to 
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oil  production.  It  is  the  factor  deserving  the  greatest  condderalion  m 
determining  the  efficiency  of  methods  employed  for  the  maximmn  re* 
covery  of  oil  from  unconsolidated  sands  and  is  the  basic  principle  of  the 
statement  that:  Other  things  being  eqiLol,  the  maximvm  recovery  oj  ofUfrcm 
an  unconsolidated  sand  is  directly  dependent  upon  the  maximum  reeooery 
of  the  sand  itself. 

The  truth  of  this  law  is  based  upon  two  important  considerations: 
(1)  The  removal  of  sand  by  a  weU  causes  a  larger  volume  of  sand,  and 
therefore  of  oil,  to  move  toward  that  well  than  would  be  the  case  if  oil 
only  were  removed.  (2)  The  efficient  separation  of  sand  and  oil,  and 
therefore  a  nearer  approach  to  obtaining  the  recoverable  oil  content,  is 
made  when  this  separation  takes  place  above  ground. 

The  Movement  of  Sand  and  Oil  Toward  a  Wbsll 

The  higher  the  viscosity  and  the  lower  the  gas  pressure  within  the  oil 
reservoir  the  greater  becomes  the  importance  of  creating  and  maintain- 
ing a  movement  of  sand  toward  a  producing  well.  This  has  been  proved 
beyond  all  question  in  extensive  operations  in  the  north  Midway  dis- 
trict of  California  where  the  oil  is  of  14.6**  B6.  gravity  with  a  very  low  gas 
pressure. 

''In  the  Balakhany  oil  district,  where  the  oil  is  heavy,  and  the  gas  has  nearly  all 
escaped  from  innumerable  wells,  the  concentration  of  the  petroleum  toward  old  pro- 
ducing areas  is  very  marked,  and  whilst  old  bailing  properties,  which  have  for  many 
years  yielded  a  moderate  payable  production  show  little  or  no  fall-o£F,  new  lands  inter- 
spersed between  these  are  almost  valueless  and  give  practically  no  output  when  new 
wells  are  simk.  This  is  additional  testimony  of  the  movement  of  oil  towards  spots 
where  immense  quantitie8  of  sand  have  been  removed  by  bailing,  creating  areas  of 
low  density  into  which  the  petroleum,  no  longer  assisted  by  a  gas  pressure,  percolates 
by  gravitation.  In  one  case,  a  new  well  bored  in  the  BiJakhany  district  was  a  dis- 
tinct failure,  for  stratum  after  stratum  failed  to  yield  even  a  mean  productioii,  but 
an  old  well  which  had  been  bailed  for  many  years  before  abandonm^it,  gave,  when 
cleaned  out,  the  extraordinary  production  of  2,500  poods  a  day  for  more  than  a 
month,  and  then  only  fell  off  by  degrees  to  400  poods  daily."* 

The  fact  that  large  producers  come  in  without  ''making  sand" 
evidences  the  existence  of  high  gas  pressure  and  insuifficii^Qt  means  of 
entry  for  the  sand  to  pass  into  the  casing,  but  it  is  not  proof  that  the  large 
production  is  due  to  the  absence  of  sand  or  that  the  output  would  not 
be  increased  if  sand  were  expelled  with  the  oil. 

With  proper  mechanical  arrangements  a  well  tapping  a  thick  stratum 
of  unconsolidated  pay  produces  a  tremendous  amount  of.  sand.  That  it 
continues  to  do  this  for  long  periods  is  proof  that  a  constant  replenish- 
ment takes  place  near  the  casing,  necessitating  a  movement  of  sand  and 

*  A.  B.  Thompson:  The  Oil  Fields  of  Russia,  p.  51.  London,  Crosby  Lockwood  and 

Son  (1908). 
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oil  toward  the  well.  This  movement  is  frequently  of  such  volume,  or 
occurs  so  suddenly,  that  the  casing  penetrating  the  reservoir  is  damaged 
or  completely  severed  from  the  upper  and  more  rigid  portion  of  the 
string.  Several  instances  of  such  damage  may  be  mentioned:  In  one 
case  250  ft.  of  36-lb.  8K*u^-  casing  was  twisted  somewhat  in  the  shape 
of  the  letter  S  and  was  removed  from  the  well  only  with  the  greatest 
difficulty.  In  another  instance  several  hundred  feet  of  6)^-in.,  20-lb. 
casing  was  broken  just  below  a  collar  and  displaced  to  such  an  extent 
that  no  part  of  it  was  touched  by  the  tools  while  repairing  the  damage. 
Several  cases  may  be  cited  where  casing  has  been  so  deflected  or  bent  by 
sand  movements  that  it  was  impossible  to  tube  the  well  beyond  the  point 
of  flexure.  No  type  of  casing  is  proof  against  this  force  of  moving  sand, 
and  both  screen  and  perforated  pipe  suffer,  although  it  is  beUeved  the 
former  less  so  than  the  latter.  Likewise  it  appears  to  make  but  little 
difference  whether  the  casing  passes  entirely  through  the  sand  and  is 
anchored  in  an  underlying  stratum  or  penetrates  for  only  half  the  distance. 

Methods  of  Extraction 

In  order  to  bring  about  a  movement  of  sand  with  its  oil  content  to- 
ward the  well,  it  is  necessary  to  provide  means  for  its  efficient  removal 
with  special  casing  devised  to  facilitate  this  process.  If  the  sand  caniiot 
enter  the  casing,  not  only  is  the  movement  of  oil  retarded  but  the  sand 
surrounding  the  casing  is  partially  drained  of  its  oil  content,  resulting 
in  a  constantly  increasing  body  of  "dead"  sand  opposed  to  the  richer 
portions  of  the  reservoir.  Instances  are  known  where  a  well,  because  of 
faulty  perforations  or  inadequate  screen  openings,  produced  small  quan- 
tities of  clean  oil  free  from  sand  for  several  years  and  when  an  attempt 
was  made  to  substitute  screen  with  proper-size  mesh  the  sand  had  be- 
come so  "dead"  in  the  vicinity  of  the  well  that  it  lacked  the  "life"  to 
enter  the  casing  and  continued  to  obstruct  the  path  of  better  "pay." 
The  same  conditions  apparently  explain  similar  failures  when  a  well 
was  reperforated,  but  in  such  a  case  there  is  always  the  element  of  doubt 
that  arises  whenever  a  perforating  machine  is  used.  These  cases  occurred 
with  a  very  loose  oil  sand  containing  an  asphaltic  crude  of  14.5^  B^. 
gravity  and  were  undoubtedly  influenced  by  nearby  wells  having  es- 
tablished strong  drainage  channels.  In  any  event,  the  fact  remains  that 
they  produced  no  sand  and  very  little  oil,  and  that  these  conditions  could 
not  be  improved.  Furthermore,  there  was  no  local  variation  in  the  res- 
ervoir or  other  controlling  factors  to  account  for  this  phenomenon. 

On  the  other  hand,  when  a  well  is  properly  equipped  and  produces 
great  quantities  of  sand  with  the  oil  a  large  area  of  lower  density  is 
gradually  established  aroimd  the  casing  and,  unless  encroaching  water  is 
present  in  quantity,  this  removal  of  sand  must  inevitably  lead  to  the  for- 
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mation  of  a  cavity.  This  cavity  probably  assumes  the  form  of  an  in- 
verted cone  as  sand  continues  to  be  removed  while  new  sand  with  its 
oil  flows  by  gravity  down  the  slopes  of  this  subterranean  funnel  and  sup- 
plies the  well  with  fresh  material.  The  shape  of  the  cavity  is  undoubt- 
edly influenced  by  the  dip  of  the  strata,  when  marked,  and  by  the 
disturbing  effect  of  nearby  wells.  That  a  cavity  forms,  however,  cannot 
be  disputed.  Sand  slips,  damaged  casing,  and  cottapse  of  the  cover  rock 
evidence  such  a  cavity  in  addition  to  the  impossibility  of  otherwise  ex- 
plaining the  effect  of  removing  the  tremendous  volume  of  sand  that 
wells  have  been  known  to  produce. 

It  would  be  interesting  to  know  when  the  slopes  of  these  cavities 
reach  an  angle  of  repose  and  experiments  with  saturated  oil  sand  on  the 
smface  should  prove  most  instructive.  The  fact  that  wells  producing 
from  unconsolidated  pay  sands  gradually  diminish  in  their  output  of 
sand  may  indicate  the  approaching  stability  of  these  underground  slopes, 
and  evidence  presented  in  later  paragraphs  strengthens  such  belief. 

Having  attempted  to  show  the  necessity,  not  only  of  removing  sand 
in  order  to  recover  the  maximum  quantity  of  oil,  but  the  favorable  re- 
sults of  such  removal  in  cavity  formation  with  its  accompanying  low 
pressures  and  "live  slopes,"  the  mechanical  handling  of  this  sand  will 
now  be  described. 

Function  of  Screen  Casing 

Screen  casing  of  proper  mesh  serves  its  best  usefulness  in  permitting 
the  regtdated  entry  of  the  maximum  amount  of  sand  and  oil  while  ex- 
cluding gravel  and  small  stones  which  would  "sand  up"  the  pump  by 
sticking  the  valves,  or  otherwise  prevent  its  proper  action.  It  probably 
serves  another  use  in  that  it  results  in  a  more  even  distribution  of  the  ofl 
and  sand  channels  radiating  from  the  well  than  is  the  case  with  ordi- 
nary perforations.  This  even  drainage  of  sand  and  oil  equalizes  the  pres- 
sure in  all  directions  around  the  casing,  whereas  the  use  of  a  perforating 
machine  may  result  in  the  sand  being  drained  from  one  side  more  than 
the  other,  thus  creating  a  pressure  against  the  casing.  This  unequal 
drainage  due  to  faulty  perforation  is  an  argument  for  the  use  of  screen 
pipe  and  a  possible  explanation  of  deflection  and  damage  to  oil  strings. 

A  section  of  wire-woimd  screen  casing  is  shown  in  Fig.  1.  This  type 
of  screen  utilizes  "keystone  wires"  whose  function  is  to  prevent  clogging 
of  the  mesh — the  space  between  the  wires  increasing  radially  and  thus 
permitting  any  substance  that  enters  to  pass  through  unhindered.  An 
exceptionally  large  screening  surface  is  exposed  to  the  sand  with  this 
type  in  that  the  wires  between  the  perforations  are  utilized  as  fuDy  as 
those  directly  over  the  openings. 

Fig.  2  shows  a  section  of  wireless  or  button  screen  which  is  especially 
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adapted  for  work  with  cable  tools,  as  it  will  withstand  hard  usage  and  the 
driving  and  pulling  often  necessary  with  that  system  in  drilling  through 
unconsolidated  sands. 

The  selection  of  the  proper-sized  mesh  depends  upon  the  physical 
character  of  the  sand,  viscosity  of  the  oil  and  the  gas  pressure.  The  mesh 
should  be  of  sufficient  size  to  allow  the  maximum  entry  of  sand  and  oil 
while  excluding  pebbles  and  small  stones.  This  is  best  determined  by 
practical  experiment  above  ground.  Other  things  being  equal,  a  high- 
viscosity  oil  demands  a  coarser  mesh  than  one  of  low  viscosity.  A  screen 
made  up  of  five  wires  to  the  inch  (see  Fig.  3)  proved  most  efficient  with 
a  moderately  fine  sand  carrying  oil  of  14°  to  16°  B^.  gravity.  The 
erroneous  belief  that  the  function  of  screen  casing  is  to  prevent  the  entry 
of  sand  in  oil  wells,  with  the  consequent  avoidance  of  pumping  troubles, 


.OOt  of  inch       .012  of  inch  .016  of  inch  JO  of  inch  8  wire*  7  wire*  6  wires  S  wire* 

bc*w««awirct    between  wires      between  wires       between  wires         to  the  inch       to  the  inch  to  the  inch  to  the  inch 

Aftar  Layne  A  Bowler  Corp. 

Fig.  3. — Showing  Diffbbbnt  Meshes  of  a  Wirk-Wound  Screen. 

leads  to  the  selection  of  too  fine  a  mesh  in  many  instances.  The  mesh 
shovld  be  too  coarse  rather  than  too  fine.  Screen  pipe  came  into  use  and 
was  devised  in  connection  with  water  wells  and  it  was  natural  that  the 
same  rules  were  thought  applicable  when  it  was  introduced  in  the  oil 
fields.  • 


Pumping  the  Sand  and  Oil 

Assuming  that  a  well  has  been  properly  drilled,  thoroughly  washed, 
screen  casing  set,  and  that  sand  and  oil  are  passing  freely  through  the  mesh, 
the  most  efficient  device  to  bring  the  sand  and  oil  to  the  surface  is  the 
plunger  pump  (Fig.  4).  Although  many  wells  flow  naturally  for  a  time 
or  may  be  agitated  by  periodically  moving  an  "agitator  string,"  and 
others  containing  much  water  may  be  pumped  with  an  air  lift,  the  stand- 
ard equipment  for  handling  sand  is  the  plunger  pump.  This  device 
consists  essentially  of  an  outside  cylinder  or  "working  barrel"  and  a 
hollow  plimger  with  upper  and  lower  valves  (Fig.  6).  Although  simple 
in  principle,  these  pumps  are  very  carefully  made  of  the  best  material 
and  ground  to  an  exact  fit,  and  their  proper  installation  and  operation 
require  experience  and  knowledge  in  order  to  obtain  the  best  results  in 
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the  removal  of  sand.  Fig.  4  shows  a  pump  completely  assembled  and 
ready  to  be  attached  to  the  tubing.  The  working  barrels  are  made  in 
lengths  from  42  to  60  in.  and  from  2  to  4  in.  diameter.  A  common  size 
is  3  by  60  in.  for  the  "renewable"  or  liner  pmnp  with  extension  and  top 
collars  at  both  ends  (Fig.  6).  This  is  one  of  the  best  types  of  pumps  for 
handling  sand,  as  the  upper  portion  of  the  plunger  does  not  leave  the 
barrel  and  therefore  is  not  in  contact  with  sand  on  its  downward  stroke. 
The  standing  valve  barrel  is  carried  on  a  3  by  24-in.  nipple  which  allows 
the  plunger  to  pass  below  the  lower  end  of  the  barrel  on  each  stroke,  thus 
retarding  the  entry  of  sand  between  plimger  and  barrel. 

The  Parker  pump  shown  in  detail  in  Fig.  7  is  said  to  be  particularly 
efficient  in  handling  sand  on  account  of  the  large  area  of  the  valve  open- 
ings and  the  positive  action  of  the  valves. 

Pump  Operation 

A  properly  installed  and  operated  plimger  pump  will  handle  a  sur- 
prising quantity  of  sand;  in  fact,  it  may  be  said  that  it  is  capable  of  pump- 
ing sand  containing  oil  rather  than  oil  containing  sand.  It  is  not  at  all 
unusual  for  one  of  these  pumps  to  handle  a  mixture  containing  50  per 
cent,  of  sand  by  volume.  A  careful  record  should  be  kept  of  the  perform- 
ance of  the  pump  on  each  well:  Depth  at  which  it  is  pumping,  date  when 
new  valve  seats  or  balls  were  substituted  for  the  old,  when  the  barrel 
was  renewed  and  on  what  date  the  tubing  was  lowered.  The  lasting 
quaUties  of  a  pump  are  directly  dependent  upon  the  quantity  of  sand 
produced  and  as  this  varies  with  each  well  the  importance  of  keeping  a 
record  of  pump  performance  is  apparent.  A  barrel  may  require  renewal 
every  6  weeks  on  one  well  while  on  another  it  shows  but  slight  wear  after 
3  months'  use. 

The  common  practice  of  allowing  a  well  to  pump  until  the  barrel 
becomes  so  worn  that  the  production  dwindles  to  a  small  stream  or  un- 
til some  accident  or  breakage  necessitates  pulUng  should  be  condemned. 
Each  pumping  well  should  be  studied  and  every  effort  made  to  maintain 
the  production  not  only  of  oil  but  of  sand. 

The  well  should  be  tubed  to  such  a  depth  that  the  maximum  quantity 
of  sand  which  the  pump  is  capable  of  handling  reaches  the  barrel  at  all 
times.  This  point  can  be  "determined  only  by  experiment  and  gradual 
lowering  of  the  tubing  as  sand  production  diminishes.  Continued  pump- 
ing of  sand  may  save  expense  and  labor  of  cleaning  out  "dead"  sand  with 
tools  and  bailer. 


Figs.  4  to  7. — Plunqbb  Pump  and  Pabts  for  Raising  Sand  and  Oil. 
Fig.  4. — Plungbb  and  Valves  in  Working  Barrel. 
Fig.  6. — Plunger  with  Upper  and  Lower  Valves. 

Fig.  6. — Working  Barrel  with  Liners  and  Extension  Nipple  to  Standing 
Valve  Barrel. 

Fig.  7. — Parker  Pump. 
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In  order  to  determine  the  exact  condition  of  the  barrel  and  plunger 
it  is  essential  that  both  be  removed  from  the  well,  washed  with  distiUate 
and  then  tested  for  fit  and  the  absence  of  lateral  play  between  the 
plunger  and  the  barrel. 

The  common  practice  of  removing  only  the  rods  and  plunger  for 
examination  is  to  be  condemned. 

The  pumping  of  sand  is  troublesome  and  means  much  work  around 
the  wells.    For  this  reason  there  is  a  tendency  to  avoid  it. 

A  long  stroke  is  advisable  for  pumping  wells  producing  sand  and  the 
wristpin  should  be  carried  in  the  ''second  hole." 

If  a  valve  becomes  clogged  with  small  gravel  or  sand  it  may  often  be 
freed  by  "shaking  up  the  well"  or  running  the  pump  at  high  speed  for  a 
few  strokes.  Twenty-five  strokes  to  the  minute  is  the  usual  pumping 
rate  when  the  rods  drop  freely  and  prevents  the  sand  from  settling. 

Hat  Oiling 
Methods  of  Overcomino  a  Decline  in  Production 

After  a  well  has  produced  sand  for  a  time  varying  from  months  to 
years  it  gradually  diminishes  in  output  even  though  the  well  is  tubed  to 
bottom.  In  such  cases  several  methods  are  used  to  "liven  up"  the  well 
and  increase  production.  Steam  has  been  used  in  such  wells  and  "swab- 
bing" is  commonly  practiced,  but  the  best  method  is  probably  the  intro- 
duction of  hot  crude  oil.  Where  this  method  fails  it  is  undoubtedly 
caused  by  faulty  casing,  either  screen  or  perforated,  or  the  hot  oil  is 
improperly  applied. 

The  best  practice  is  to  heat  about  100  bbl.  of  crude  almost  to  the 
boiling  point  and  allow  it  to  flow  by  gravity  or  pump  it  down  the  well 
casing.  It  is  usually  treated  in  a  nearby  tank  with  steam  coils  and  al- 
though some  operators  introduce  it  through  the  tubing  this  practice  has 
the  disadvantage  that  the  necessary  stoppage  of  the  piunp  may  cause  it 
to  sand  up. 

The  effect  of  the  hot  oil  is  to  wash  the  screen  or  perforations  and  to 
lower  the  viscosity  of  the  underground  supply,  causing  both  the  oil  and 
sand  to  flow  more  readily  toward  the  well. 

The  hot  oil  need  not  remain  in  the  well  for  more  than  ^  to  ^  hr.  and 
is  then  pumped  out  together  with  large  quantities  of  sand  and  "live"  oil, 
oftentimes  accompanied  by  considerable  gas.  It  frequently  happens 
that  so  much  sand  enters  the  well  following  this  treatment  that  the  pump 
is  unable  to  handle  it,  in  which  case  two  or  three  joints  of  tubing  are  re- 
moved, the  barrel  afterward  being  gradually  lowered  as  the  sand  be- 
comes exhausted.  After  a  few  weeks  the  pump  again  reaches  bottom, 
when  another  hot  oiling  is  given. 

There  is  no  fixed  rule  as  to  the  frequency  of  this  treatment.    This 
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can  be  determined  only  by  experiment  and  is  largely  dependent  upon  the 
age  of  the  wells.  In  some  cases  it  may  be  applied  once  a  week  with  bene- 
ficial results  while  in  others  once  a  month  is  sufficient. 

IV.  QUANTITY  OF  SAND  PRODUCED 

This  is  a  most  interesting  subject  but,  unfortunately,  exact  figures  on 
the  actual  quantity  of  sand  produced  by  flowing  or  pumping  wells  are 
unavailable. 

In  speaking  of  the  sand  produced  by  wells  in  Russia,  Mr.  Thompson^ 
says:  ''The  oil  from  fountains  is  commonly  accompanied  by  an  equal 
bulk  of  sand,  large  numbers  of  stones,  and  the  liberation  of  millions  of 
cubic  feet  of  gas  which  becomes  disengaged  from  the  oil  on  its  exit  from 
the  tube.  A  recent  Bibi-Eibat  spouter  on  plat  No.  29  gave  as  much  as 
10,000  tons  of  oil  and  10,000  tons  of  sand  in  a  day,  and  in  a  few  weeks 
yielded,  in  addition  to  several  million  poods  of  oil,  no  less  than  1,700,000 
cu.  ft.  (85,000  tons)  of  sand;  an  amount  which  will  be  better  appreciated 
when  it  is  realized  that  this  quantity  of  material  would  raise  the  natural 
level  of  the  ground  on  1  dessiatine  nearly  14  ft.,  or  cover  an  acre  of  land 
to  a  depth  of  40  ft." 

The  famous  gushers  of  Califomia  and  other  loose-sand  fields  have 
expelled  tremendous  quantities  of  sand  which  in  some  cases  have  com- 
pletely buried  the  engine  house,  belt  house,  and  the  lower  panels  of 
the  derrick. 

''In  the  old  Sunset  field  wells  that  have  a  strong  gas  pressure  produce 
more  sand  than  any  others  in  the  State,  it  being  estimated  that  sometimes 
as  much  as  two-thirds  of  the  gross  yield  of  the  wells  is  sand.  One  well 
alone  produced  over  110,000  cu.  ft.  of  sand  in  about  4  years,  and  another 
has  jdelded  almost  as  much  in  2  years.  The  yield  of  sand  gradually 
decreases  with  the  age  of  the  well,  but  at  no  time  entirely  ceases.  These 
pecuUar  conditions— soft  sand  in  great  quantities  accompanying  the.  flow, 
heavy  oil,  and  strong  gas  pressure — make  the  problem  of  well  operation 
in  this  field  difficult."* 

Some  pumping  wells  in  the  north  Midway  field  produce  sand  at  the 
rate  of  over  200,000  cu.  ft.  a  year  and  careful  measurements  would 
probably  show  that  this  amount  is  actually  produced  in  a  year  or  even 
exceeded. 

V.  OIL  SEPARATION  AND  SAND  DISPOSAL 

The  separation  of  oil  and  sand,  although  more  fully  accomplished 
above  ground,  is  one  of  the  difficult  problems  connected  with  production 
from  imconsolidated  sands.    With  low-gravity,  viscous  oils  and  great 

*  A.  B.  Thompson :  Tfie  OU  Fields  of  Rtusia,  pp.  62-53.  London,  Crosby  Lockwood 
and  Son  (1008). 

*R.  Arnold  and  V.  R.  Qarfias:  Methods  of  Oil  Recovery  in  Califomia,  U.  S, 
Bureau  of  Mines,  Technical  Paper  70,  p.  22  (1014). 
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volumes  of  sand,  nothing  has  been  f  oiind  to  take  the  place  of  the  open-air 
''sump/'  which  is  simply  an  excavation  made  near  the  well  with  teams 
and  scrapers.  The  sand  collects  in  great  piles  in  these  sumps  while  the 
oil  separates  by  gravity  and  is  pumped  from  the  lowest  point  in  the  de- 
pression. With  heavy  oil  the  loss  through  evaporation  and  percola- 
tion is  slight,  as  it  has  been  determined  that  it  does  not  penetrate  the 
ground  for  more  than  a  few  inches.  Light  oils,  however,  should  not  be 
allowed  to  flow  into  sumps,  as  the  loss  is  imdoubtedly  great-;  but  when 
accompanied  by  much  sand  other  disposition  is  difficult.  As  the  pfles 
of  sand  are  gradually  freed  of  their  oil  content  they  become  fairly  dry 
and  a  crust  is  formed  on  their  surface  which  will  bear  the  weight  of  a 
man. 

Many  tanks,  settling  boxes  and  other  devices  have  been  designed  for 
the  separation  of  oil  and  sand  but  with  little  success.  Most  of  these 
devices  are  entirely  lacking  in  scientific  principle  and  are  carelessly  con- 
structed affairs  designed  by  the  workers  in  the  fields  and  their  failure  is 
in  large  means  due  to  these  facts.  An  efficient  means  of  separating  light 
oils  and  sand  can  undoubtedly  be  devised  and  would  prove  of  great  b^e- 
fit  to  the  producer.  Heavy  oils  being  much  more  difficult  to  separate, 
of  less  market  value,  and  of  high  viscosity,  may  be  most  economicaOy 
handled  in  properly  constructed  sumps. 

The  great  disadvantage  of  such  excavations  is  the  space  they  occupy, 
their  unsightly  appearance,  and  the  huge  deposits  of  sand  which  gradually 
surround  the  well.  The  removal  of  this  sand  finally  becomes  impera- 
tive when  all  available  space  for  new  simips  has  been  utilized,  but  its 
disposal  is  a  problem. 

The  only  use  to  which  it  could  be  put  in  the  north  Midway  was  road 
surfacing  and  although  this  is  possibly  a  very  good  use  it  is  a  more  or 
less  expensive  one.    The  method  used  is  simple. 

When  a  sump  had  been  drained  of  its  oil  and  the  sand  had  become 
sufficiently  dry,  it  was  loaded  upon  wagons  and  distributed  on  the  many 
dirt  roads  traversing  the  property.  The  roads  were  sometimes  dragged 
to  prepare  them  for  the  sand  but  this  was  frequently  dispensed  with.  A 
layer  of  sand  2  in.  thick  was  sufficient  to  surface  the  ordinary  road,  which 
was  immediately  opened  for  traffic  in  order  that  the  sand  might  become 
packed.  The  roads  in  that  section  of  the  coimtry  were  in  very  poor 
condition,  being  formed  from  use  and  never  constructed  or  built.  They 
were  deep  with  dust  and  ruts  and  the  beneficial  results  attained  through 
the  use  of  oil  sand  were  truly  remarkable.  This  sand  as  it  comes  from 
the  sumps  contains  sufficient  oil  to  stain  the  hands  and  serves  as  a  bind- 
ing material  for  the  road  surface.  It  soon  packs  into  a  diurable  layer  of 
asphaltum-like  hardness.  It  withstands  the  traffic  of  heavy  automobile 
trucks  and  is  easily  maintained  by  occasional  dressings  of  fresh  sand  in 
the  summer  when  the  heat  softens  the  mixture. 
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JOHN  A.  ROEBLING'S  SONS  COMPANY.  TRENTON.  N.  J. 

BRANCHES:— New  York     Boston     Chicago     PUUdelpUa     Pittsburgh     CleTeUnd 
Atlanta      San  rrandseo      Los  Anffelos       Seattle      Portland,  Ore. 


^'■'™  Remarkable     Results 
v3  Obtained  on  Test  of  a 

JEFFREY  Stepped 
Multi-Bladed  Fan 

At  the  Essen  Mine 
of  the  Pittsburgh  Coal  Company 

S'xs'-e"  Fan  Delivered  160,000  Cu.  Ft.  at  3" 
Water  Gauge  Operating  at  212  RPM. 

Percentage  Restilts : 

Mechanical  Efficiency y  84.3%. 
Manometric  Efficiency,  81.6%. 
Volumetric  Capacity,  431%. 

Jeffrey  Stepped  Multi-Bladed  Mine  Fans  are  being 
used  by  hundreds  of  Coal  Companies  over  the  country  because  they  require  less 
power  than  any  other  fan  heretofore  ofTered. 

Bulletin  No.  183-2  tells  you  why — Actual  tests  prove  our  claims 

THE  JEFFREY  MFG.  CO.*  902  n.  Fourth  st.,  Columbus,  O. 

New  York        Boston        Philadelphia        Pittsburgh        Milwaukee       Chicago       Bimiiifhani 

Scranton      Charleston,  W.  Va.      St.  Louis      Dcnrcr       Montreal       Seattle        Dallas 
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Greatly  Increased 

Tonnage  for 

Less  Power 

By  using  one  power  plant  for  a  ' 
group  of  mines  instead  of  a  power 
plant  at  each  mine,  a  greatly  in- 
creased tonnage  has  been  obtained 
by  a  well-known  mining  syndicate. 

Much  less  fuel  per  ton  of  coal 
extracted  is  required  and  greater 
continuity  of  power  assured  than 
before  centralization. 

Turbo-generators  and  motors 
made  by  the  General  Electric  Com- 
pany were  used  in  making  the 
above  change,  which  has  proven  so 
profitable.  Probably  centralization 
of  power  plants  may  work  real 
economies  for  you. 

General  Electric 
®     Company     ® 

General  Office :  Schenectady,  N.  Y.    District  Offices  in : 

Bogton,  Mass.  New  York,  N.  Y.  Philadelphia,  Pa.  Atlanta,  Ga. 

Cincinnati,  Ohio  Chicago,  111.  Denver,  Colo.      San  Francisco,  Cal. 

St.  Louis,  Mo.  Sales  Offices  in  All  Large  Cities  S€SS 
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